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RESEARCH OF THE OPERATING MODE OF PERFORATORS

Abstract. The article presents the main provisions of the Partial Wave Method for
solving direct and inverse problems for systems of hyperbolic equations. As an example,
the problem of determining the geometry of a hammer by the shape of the first wave of the
pulse generated by the hammer in a homogeneous cylindrical rod is considered.
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Introduction. A wide class of problems in dynamics and technology is
described by linear partial differential equations of hyperbolic type:
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where: u(x,7) — the desired function of two independent variables x and 7 ;
a,(xz) a,(xz) a,(x7), b(xz) b(x7) c(xz), F(xz) — known
functions.

Euler showed that the solution of hyperbolic equations are wave-type
objects. Apparently, there is no single strict definition of waves. It is preferable to
be guided by the intuitive idea of a wave as a disturbance (or signal) moving along
a medium with a certain determined speed. The disturbance can be of any type,
provided that its localization is determined at any moment in time. The disturbance
can be distorted, change its parameters, including the speed of propagation, but at
the same time remain clearly distinguishable.

This approach may seem somewhat vague, but it is quite acceptable. Any
attempt to give a more rigorous definition leads to significantly greater limitations.
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Materials and methods. The concept of wave motion is one of the most
complex scientific concepts. On the one hand, wave motion is often limited to a
description with a set of more or less substantiated hypotheses. On the other hand,
wave motion is studied by many disciplines, since wave processes are encountered
in almost all areas of science and technology. Although the phenomena often have
unique features, it was possible to develop general approaches to mathematical
modeling of wave processes.

Waves described by hyperbolic partial differential equations are usually
called hyperbolic waves.

Solutions to partial differential equations do not determine the desired
functions in the full sense, but only determine some properties of the class of
functions satisfying the equations. The functions themselves are further defined by
initial and boundary conditions.

Application of the partial wave method to solve direct and inverse problems
of systems of hyperbolic partial differential equations is considered in relation to
problems of mathematical modeling of impact systems for technological purposes.

The general scheme of impact systems is shown in Figure 1.

Longitudinal deformation impulse « w(xt)  Hammer

Semi-infinite rod
AN InIlE 100
=

\\
" %
- 1 -
X b

(15 N X
Jar) x=0

Fig. 1. Scheme of technological impact systems

A hammer, which is a short rod of variable cross-section — a hammer —
strikes a long semi-infinite cylindrical rod. If the material of the rods is
homogeneous, the ends are flat, then the dynamics of the interaction are described
by the following system of equations, in the coordinate system shown in Figure 1:

azw(x,t)+ds(x) 1 oow(xt) a*w(xt) o 2%u(xt) a%u(xt)

=0
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with initial conditions:

u(x0)=0, w(x0)=0, 2u(x0)_, ~ aw(x0)_ VYo,
ot ot c

and boundary conditions:

M:o, u(0t)=w(0t) | Sau(O,t)zsoaw(O,t),
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X—>00 X
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where: w(x,z) — function of displacement of the hammer cross-section with
coordinate X at a point in timez; u(x,z) — rod cross-section displacement
function; s(x ) — hammer cross-sectional area function; s — cross-sectional area

of a semi-infinite rod; t=cr; C:\F — the velocity of propagation of longitudinal
P

vibrations in a rod with a modulus of elasticity E, density p ; S, — hammer striking

face area.
The direct problem is the determination of the relative deformation function
in a semi-infinite rod. gu(xlt):f?ll{gx,t)developed by the impulse of dynamic
X
deformation generated by the longitudinal impact of a hammer of a given
geometry.
The inverse problem is the determination of the geometry of a hammer

through the function of the cross-sectional area of the hammer s( x ) according to
the known function of relative deformation in a semi-infinite rod , , t):au(x,t)

ox
developed by the impulse of dynamic deformation.
The method of partial waves is based on the position that longitudinal
dynamic deformation of homogeneous rods is described by the equation:

o%u(xt) a%u(xt)

:Ol
ox? ot?

the solution of which can be represented as:

u(x,z)=f (x—t)+f (x+t).

where function f_(x -t ) defines a wave moving along a rod without distortion in
the positive direction of the coordinate axis of the cross sections x; f (x+t) —a

wave moving in the negative direction of the coordinate axis, as shown by L. Euler.
The process of generating longitudinal waves by impact is determined from
the condition of continuity of the flow of forces and displacements at the impact
ends of the rods, (Fig. 2).
If the colliding rods n and n+1 or the impact stages are cylindrical, then
the relative deformations developed by the waves will be constant and can be
represented by the formulas:

. 1 npuz>0
Where.ﬂ(z):{ P
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Fig. 2. To the analysis of the generation of dynamic deformation waves of
cylindrical rods under longitudinal impact

Heaviside impulse function.

From the equations defining the continuity of the flows of forces and
displacements, the functions of the waves generated at the junction of the rod steps
are found from the moment a certain generating wave reaches the boundary of the
steps. The analysis shows that the waves generated at the junction of cylindrical
steps develop relative deformations of constant magnitude.

Thus, an accurate analysis is constructed in the case of a collision of stepped
cylindrical rods, naturally, within the accuracy of the longitudinal dynamic
modeling model of the rods.

It can be assumed that in the model, the replacement of rods with curvilinear
generatrices of the lateral surface by stepped cylindrical rods can be quite correct.
In this case, the main system will be replaced by an infinitely finite system of
equations:

ou,(xt) otu(xt)

ox* ot*
o°u,(xt) o%u,(xt)
ox’ ot

o'u,(xt) a%u,(xt)
ox’ ot’

with a correspondingly modified system of boundary conditions.

Research results and discussion. It is quite difficult to trace analytically
and even more so to rationally present the solution of the direct problem. Graphical
presentation of part of the information significantly simplifies the presentation of
the solution. The coordinate plane is divided by characteristics corresponding to the
Heaviside functions into triangular regions, where the values corresponding to the
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relative deformations developed by partial waves have the same value. An example
of the solution of the direct problem is shown in Figure 3.
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Fig. 3. Graph-analytical solution of the direct problem by the partial wave method

When constructing an algorithm for solving direct problems using the partial
wave method, dependencies were discovered that made it possible to create an
algorithm for solving inverse problems.

An example of solving an inverse problem is shown in Figure 4. In this case,
this is a solution to the problem of determining the geometry of a hammer
generating a “triangular” pulse, i.e. a pulse with a linearly increasing value of the
relative deformation developed by the first wave.

The relative deformation function was chosen as the desired one. Modern
experimental equipment records exactly the relative deformations on the surface of
the rods. The remaining functions characterizing the pulse of longitudinal dynamic
deformation: stress, velocity, effort are linearly related to the function of relative
deformation.

Conclusion. To check the accuracy of the method, analytical solutions can
be used to determine the pulses of dynamic deformation generated in a semi-
infinite rod by a longitudinal blow of hammers with curvilinear generators of the
lateral surface.
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Fig.4. Solution of the inverse problem of longitudinal collision of rods by the

partial wave method
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A.A. MacHuKoB

KblpFbi3 PecnybauKkacelHblH ¥ammeolK folabiM akademuscsl, @U3UKAAbIK-MexXHUKAbIK
macesnesnep uHcmumymel, biwkek K., Kbiprbi3 Pecriybaukace!

MNEP®OPATOPAbIH, }X¥MbIC PEXXMMIH 3EPTTEY

AHpatna. Tunepbonanbik TUNTI TEHAEY/ep KYMECiHIH Typa *KoHe KaulTapbiMmabl
ecenTepiH wWewyre apHanfaH apTbllal TONKbIHAAP SAiCiHiH Heri3ri npuHuunTepi
KenTipinreH. Mbican peTiH-ae O6ipTeKTi UMAMHAPAIK e3eKweperi 6banfameH TyablpaTbiH
UMMYAbCTiH, GipiHWI TONKbIHbI TypiHAeri 6afnfaHblH, FEOMETPUACbIH AHbIKTAy MICcesneci
KapacTblpblafaH.

TipeK ce3gep: runepbonanbik TMNTI guddepeHunanbik TeHaeynep, 6oMnbIK acep
eTy, WwewyaiH, rpadurKanbik-aHaAUTUKaNbIK 3AiCTepi, Kepi ecentep, TONKbIHAAP.

A.A. MacHuKos

HayuoHaneHasa akademus Hayk KP, UIHcmumym du3uKo-mexHu4YecKux npobaem,
2. buwkek, Kelpabizckaa Pecnybauka

MCCNEAOBAHUA PEXXMMA PABOTbI NEP®OPATOPOB

AHHOTauMA. M310XKeHbI OCHOBHbIE MOJIOXKEHWA MeToAa NapumasbHbIX BOAH AAA
pelweHns NpamMbIX M 06paTHbIX 3a4ay CUCTEM ypaBHEHWI runepbosmyeckoro Tuna. B
KayecTBe NpMmMepa pac-CMOTPEHa 3ajaya onpeneneHus reoMmeTpum MosaoTKa no dopme
nepBoi BOJIHbI MMNY/IbCa, TEHEPUPYEMOTO MOJIOTKOM B OLHOPOAHOM LUAVHAPUYECKOM
CTEPKHE.

Kniouesble cnoBa: guddepeHumanbHblie ypaBHEHUA rmnepboanyeckoro Tuna,
NpPoAO/bHbLIN yAap, rpado-aHANUTUUECKME METOLbI pelleHmns, 06paTHble 3a4a4K, BOJHbI.
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