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Abstract

In this paper, was performed by numerical work according to the difference scheme. Analysis of the numerical results
showed: one of the important issues of contact interaction is to determine the duration of the impact of the colliding
bodies. Obviously, under the condition of a hard clutch, sticking of the striker from the barrier will not occur. To study
the process of complete breakage of mechanical contact (appearance of separation zones), we will use boundary
conditions that simulate a perfectly smooth impact. Analysis of the dynamics of contact resistance has shown that its
magnitude and features of evolution over time substantially depend on the geometric and physicomechanical parameters
of the deformable system, as well as on the type of boundary conditions. An increase in the acoustic rigidity of the
impactor leads to an increase in the amplitude and duration of the impact. The impact of a less rigid punch or the presence
in the barrier of a shielding layer of a polymeric material reduces the contact resistance of the plate, but the force
interaction between the impacted bodies is longer. As the analysis of the results shows, the evolution of contact stresses
is characterized by a number of specific features. For example, there is a direct correlation between the height of the
cylinder and the time of its complete detachment from the obstacle, which corresponds to the vanishing of the function
oy (t) An increase in the acoustic rigidity of the impactor leads to a sharp increase in the amplitude of the total resistance

and an increase in the duration of the contact interaction. Thus, the contours of the isolines provide a visual representation
of the configuration of the areas at which points the stresses develop, immediately preceding the appearance of
elastoplastic deformations for spall fractures (for brittle materials).

Keywords: two-dimensional thermoviscoelastic waves, stability of a difference scheme, convergence of a solution of
a difference problem, indenter, deformation, stress tensor.
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KOIl KABATTBI BOTETI BAP JE®@OPMALUSJIAHATBIH HITAMITBIH COFBLITYbI

By )xyMbIcTa aliBIPBIMAIBIK CXEMAaChl apKbUIBI CAaHJIBIK ecerTeyiep Kypriziani. CanabIK HOTHKENEp Il Tanjay: e3apa
OaliTaHBIC iC-KMMBUIBIHBIH MAaHBI3BI MOCeNeNepiHiH Oipi OONBIN TaOBLTBIN KaTKaH ACHENEPHIiH COKKHI Y3aKTHIFBIH
aHBIKTay OOJIBIM TaOBLIaAbI. MeXaHUKAIBIK TYHICYIIH TOJBIK OY3BUTYHI IPOIIECiH 3epTTEy YIIiH (Y31Ty aifMarbIHBIH Maina
6oJybl) Tamalia Teric COKKbl OepeTiH MIeKapajbIK JKaFaaiiapapl KosgaHaMbl3. baitnaneic kenepriciHiH AMHAMHUKACHIH
Tangay OHBIH IIaMachl MEH SBOJIONMACHIHBIH EPeKIIeNiKTepl yakpIT OOHBIHIIA aedopManysiIaHaTBIH >KYHEHIH
TEOMETPHSIIBIK JKOHE (PHU3MKAIBIK-MEXaHUKAIBIK IapaMeTpliepiHe, COHJal-aK IleKapasiblK [apTTapbIHbIH TYPiHE
OaillaHbICThI eKeHIH KopceTTi. COKKbIHBIH aKyCTHKAIBIK KATThUIBIFBIHBIH )KOFAPbUIAYbl aMIUTUTYAaHbIH YIIFAIObIHA )KOHE
COKKBIHBIH Y3aKThIFbIHA oKese/i. [llamManbl KaTThl IITAMIITBHIH COKKBICHI HEMECEe TOCKaybLIa MOJUMEpITi MaTepualial
KacaJFaH SKpaHAAymIsl KaOaTThIH OOJyBl IUIMTAHBIH TYHICHENi KeaepriciH azaiTanmsl, Oipak COFBIIATHIH JEHETEp
apachlHIAFel KYIITIK e3apa iC-KMMBII y3aFeIpak Oosazpl. HoTmxenepai Tanmmay KepceTill OTBIpFaHIal, TyHicmeni
KEpHEYJIep/IiH 3BOJIOIMACH OipKaTap epeKile epeKIIeTiKTepMeH cunarTainabsl. Mblcanbl, ITHHIP OMIKTIrT MEH OHBIH
KeJleprilep/ieH TOJBIK epeKIIEeNeHy yaKbIThl apachlHIaFsl Tikeneil koppemsiuus Oaiikanazsl, 6y1 o, (t) QyHKUMIHBIH

HeJjre alHaIybIHa coiikec Keneai. EXMiHHIH aKyCTHKAJIBIK KaTThUIBIFBIHBIH apTYbl )KUBIHTBIK KEAEPTi aMIUINTY/AaChIHBIH
KYpT Ke0eroiHe jkoHe OaiyaHbic ocepiHiH Y3bIHIABIFBIHA oKeneni. Ochbllaiilna, OKIayJlaHFaH SIIopajlap HYKTEJepiHae
CaJIKBIH KHpaynap YLIH (HA31K Marepuajjap YIIiH) cepmiMJi IUIacCTHUKaNIbIK AedopManusuiapAbiH Haiina OoybIHBIH
TIKeJeH aIbIHAA KepHEYIEP JaMUTBIH OOJIBICTAapIBIH KOH(UTYpaIMsCH! TYpaIbl KOPHEKI TYCiHIK Oepe/ti.
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COYJIAPEHME JJE®@OPMHUPYEMOI'O IITAMITIA C MHOTOCJIOMHOM IMPETPAIOM

B pabote mpoBeaeHHI YHCIeHHbIE pabOTHI IT0 Pa3HOCTHOH cXeMe. AHaIN3 YUCICHHBIX PE3yJIbTaTOB IOKa3al. OJHUM
U3 BaKHBIX BOIIPOCOB KOHTAKTHOT'O B3aHMOACHCTBHS SBIISETCS ONpeNeIeHHe IPOTODKUTSIIBHOCTH yapa CTaIKMBAaCMBIX
test. OueBHIHO, YTO IPHU YCJIOBHM JKECTKOTO CIEIUICHHS OTJIMIIaHMs Ooiika OT mperpaabl He mpousoiiner. [ms
HCCIIeJOBaHMS MPOLIecca IOHOT0 HapyLIEHUs] MEXaHWYEeCKOTO KOHTAKTa (TIOSIBJICHHS 30H OTphIBa) OyJeM HCIIOJIb30BaTh
TPaHUYHBIC YCJIOBHS, UMHTHPYIOIINE HJICaJbHO TIaAKUHA ynap. AHaIM3 JUHAMHKH KOHTAKTHOTO COIPOTHBIICHUS
MOKa3aJl, 4TO €ro BEJIMYMHA U 0COOCHHOCTH BOJIIOLIMH BO BPEMEHH CYIIECTBEHHO 3aBHCAT OT TEOMETPHUYECKUX U (PUZHKO-
MEXaHWYECKUX IapaMeTpoB JAeOpPMUPYEMOH CHUCTEMBI, a TaKXKe OT THIa TPaHWYHBIX ycioBuld. [loBblmeHne
aKyCTHYECKOH KECTKOCTH YAapHUKA MPUBOIUT K YBEIMUEHHIO aMILIUTY bl U IPOJOIDKUTENILHOCTH yaapa. Y iap MeHee
’KECTKOTO IITaMIIa MM HAJMYUE B TIPErpajie SKpaHUPYIOLIETo CI0s U3 IOJMMEPHOro MaTepHaia yMeHbIIaeT KOHTAKTHO®
CONPOTHBIICHHE IUIMTBI, HO CHJIOBOC B3aHMOJCHCTBHE MEXAy COyIapseMbIMH TeJIaMH OKa3blBaeTcs Ooliee
NPOJOIDKUTENIBHEIM. Kak MmoKa3plBaeT aHANM3 pPe3yNbTaTOB, SBOJIONMSA KOHTAKTHBIX HAIPSDKCHHH XapaKTepu3yeTcs
psooMm crenupuyeckux ocoOeHHocTel. Tak, HampuMep, NMPOCISKHBACTCS NpsMas KOPPEIALHs MEXTy BBICOTOH
UJIMHIPA U BPEMEHEM €ro MOJHOTO OTIHUIIaHUS OT Iperpasl, YTO COOTBETCTBYET 0OpaneHnio GyHKImH O (t) B HYJIb.
VBeNnUeHHEe aKyCTHYECKOW IKECTKOCTH YAApHHKA IPUBOIUT K PE3KOMY BCIUIECKY AaMIUTHTYIBl CYMMapHOTO
CONPOTHBIICHHUS ¥ BO3PACTAHUIO JUTUTEILHOCTH KOHTAKTHOTO B3auMoeicTBus. TakuM 06pa3oM, SIIOPbI H30JHHUN Aa0T
HAarJsIIHOE MPEeICTaBICHUE 0 KOH(UTypaIHy 001acTeil, B TOYKax KOTOPBIX Pa3BUBAIOTCS HANPSDKCHUSI, HEIOCPEICTBEHHO
NPEIIECTBYIONIME IOSBICHHIO YIPYTrOIUTACTUYSCKUX AedOopManiid IIs OTKOJBHBIX paspylieHHE (WId XpyNKUX
MaTepHaJIoB).

KnioueBble ciioBa: 1ByMepHbIE TEPMOBS3KOYNPYTHUE BOJHBI, YCTOWYHUBOCTH PA3HOCTHOW CXEMBI, CXOAMMOCTb
peLIeHUs pa3HOCTHOM 3a1a4uu, HHACHTOP, NedopManusi, TEH30p, HAIPSDKEHNUS.

When implementing a difference scheme carried out in [1], the original problem was presented in a
dimensionless form. Numerous calculations were carried out to determine the characteristics of the process.
We turn to the analysis of the results.

In Figure 1. r profiles are shown along the normal stress o, in the cross section Z =0 for a sequence of
times with a step At =0,5 (curve | corresponds to t =0,5;t =2; t =1,0, etc.).

1,6

-a,

1,0

Figure 1.

The spatial profiles in (Fig. 1. a) are formed during the elastic collision of a solid aluminum cylinder
R =h, =1) with a uniform aluminum plate of unit thickness (h=1) under the condition of rigid adhesion of
the contacting bodies. At time t=0.5 in the central part of the impactor, the wave process due to direct
compression waves is one-dimensional. Due to the occurrence of diffraction fronts propagating from the side
surface of the cylinder r = R, the stress amplitude at t=1 and t=1.5 slightly decreases in the region adjacent to

the axis of symmetry, while in the zone localized near the free boundary a significant concentration of
compressive stresses is observed (curves 2 and 3) . The simultaneous arrival on the contact surface z=0 of the
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discharge waves from the opposite end of the cylinder t=-1 and the rear surface of the barrier t=1 greatly
reduces the level of compression stresses and their concentration at the corner point r=1, z=0 (curves 4-6).

The stresses monotonously decrease in amplitude over the entire segment up to the appearance of a zone
where they become tensile.

One of the important issues of contact interaction is determining the duration of the impact of the bodies
collided. Obviously, under the condition of a hard clutch, sticking of the striker from the barrier will not occur.
To study the process of complete breakage of mechanical contact (appearance of separation zones), we will
use boundary conditions that simulate a perfectly smooth impact.

In one-dimensional approximation, when the rod strikes an obstacle the rebound moment is determined
from the condition that the voltage vanishes at the contact point [2, 3]. In contrast to the one-dimensional
theory, a contact surface arises in a spatial problem during collision, with the points of the lower end of the
cylinder and the front side of the obstacle being separated from each other non-simultaneously due to the
heterogeneity of the wave field along the radial coordinate r. For the moment of complete sticking, it is natural
to take the time at which the normal voltage o, will vanish on the entire contact area [4, 5].

Note that as a result of interference and interaction of waves of various types with free boundaries, some
points of the base of the cylinder, separated from the obstacle, can come into repeated contact.

The condition o, > 0 in general is only a condition of sticking. For a complete rebound of the stamp from
the obstacle, it is necessary to change the sign of the normal impulse to the opposite one
( j p9dQ < 0).

If there is no friction at the contact area of the pair Al, — Al (the index below means the radius of the
striker) (see Fig. 1, b), then the general laws of the dynamic version o-z(r) with t <15 are preserved with the
only difference that the level of stress localization at the corner point decreases. The expanding region of zero
voltages is formed quickly enough, and at time t = 3,5 the wave development of the process leads to the
complete sticking of the punch from the target.

Figure 1. c, presents profiles az(r) for the case when the drummer is made of acoustically more rigid
material (Fe; — Al'). At the moments of time t=0.5, t=1 and t=1.5, and in the vicinity of the axis of symmetry,
stabilization of the dynamic reaction is observed, which is mainly due to straight plane waves, and near the
corner point there is a pronounced concentration of compressive stresses o-z(r). Higher amplitude values of
compression stresses are explained by greater rigidity of iron compared to aluminum. The unloading waves
that came to the contact area significantly decrease the voltage amplitudes at subsequent points in time and
lead to the emergence of a zone of zero values (this zone originates on the axis of symmetry and expands to
the surface).

In the same figure, for the moments of time t = 2,0, t =3,0 and t = 4,0, the stresses caused by the impact
of the iron cylinder on a viscoelastic uniform plate with viscosity parameters 7, =3, £, =1 are plotted with
dashed lines. Taking into account the viscous properties of the target leads to a decrease in normal stresses
o-z(r) in the entire contact area, which is explained by the dissipation of energy within the viscoelastic

medium. However, this does not cause a significant (advanced) growth of the sticking zone, and the duration
of contact interaction remains almost the same as for the elastic barrier.

The evolution of stresses o-z(r) when an aluminum cylinder strikes a layer package 0,5Al —0,5Fe is

represented by the corresponding curves in (Figure 1. d). The effect of the stratification of the barrier compared
to a homogeneous plate is an increase of an average of 20% compressive stress, which is caused by the

reflection of direct compression waves from the flat interface of dissimilar metals. The distribution of o,(r)
at the contact area when t > 2,0 becomes even more uniform, and a lower concentration of stresses is observed
at the corner point.

Figure 1(e) reflects the results for the pair Al, 5 — Al , where the radius of the cylinder is half the thickness

of the target plate. The spatial distribution of stresses o-z(r) indicates a significant effect of diffraction waves
propagating from the lateral surface r=0.5 increasing the stress concentration at the corner point. The zone of
zero values o, (r) for the considered moments of time is absent, but when t = 3,1 complete detachment occurs,




BECTHUK Ka3HIMY um. Abas, cepus «Pusuko-mamemamuyeckue Hayku», Ne4(72), 2020 a.

i.e. there is a more uniform separation of the points of the lower end of the cylinder from the surface of the
plate.
To study the dynamics of the stress state in the contact zone and determine the moment of complete sticking,

R
it is convenient to use the integral characteristic o, (t) = 27 _[ o,(r,0,t)rdr - the total contact resistance of an
fo
obstacle to the impact effect of a spinless die. The vanishing o, (t) of a perfectly smooth shock corresponds
to the time of complete breakdown of the mechanical contact, i.e. From this moment on, there is no force
interaction between the striker and the slab and their further unsteady deformation occurs independently.
The initial stage of the evolution of contact resistance for different pairs of a drummer-plate is shown in
(Figure2), where 1—Al — Al  (rigid adhesion on the contact area); 2-Al, — Al;
3-Al, >05Al -05Fe; 4-Fe —> Al; 5-Fe — Al (viscoelastic plate :); 7, =3 f =1),
6— Al — Al; 7—Al, > 0,5CTKT —B—-0,25Al -0,25Ph; 8 -CTKT - B, — Al,

9-0,5Fe, > 15Al (the height of the drummer is 0.5, and the thickness of the slab is 1.5).

Figure 2.

Comparison of curves | and 2 shows that at the initial stage of interaction, the contact resistance weakly
depends on the type of boundary conditions and until the time t=3.0 point the various branches o, (t) do not
differ quantitatively. When t>3.0 in case of hard contact, tensile stresses develop, although small in magnitude.
For a perfectly smooth strike the function o, (t) vanishes at the moment t=3.5, which corresponds to the time

of complete disruption of the mechanical contact of the target and the striker (the geometric contact can be
preserved). Curve 3 initially completely coincides with curve 2, but from moment t=8.0 due to the

redistribution of the impact energy in the layered barrier, the level of values rises sharply o, (t) A sharp

decrease in the contact resistance at subsequent points in time, due to the reflection of compression waves from
the free boundaries, leads to its zeroing at (sticking of the impactor).
The impact of the iron punch on the surface of the aluminum plate increases its contact resistance by

about 50% compared to the impact of the aluminum striker. On the considered time range O (t) <0 and t=4

there is only partial contact disturbance (see Fig. 1, ¢). Comparison of curves 4 and 5 shows that in the initial
phase of the impact up to the point in time t=0.2, the viscous properties of the obstacle do not manifest (there
is an instantaneous elasticity of the model), but when t>0.2 there is a noticeable divergence of the curves due
to the relaxation of shear stresses and redistribution of normal stress components (ball stress in Maxwell’s
model does not relax). As already noted, taking into account the dissipation of energy in the plate practically
does not affect the duration of the impact. A two-fold reduction in the radius of the cylinder-impactor reduces

four times Gk(t) on average (curve 6). The variation Gk(t) for a three-layer metal-polymer plate is
characterized by stabilization of amplitude values in the time interval 0 <t < 2,2 and when t>2.2 it is replaced
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by a gradual increase to a value twice the initial amplitude. Compared to a homogeneous aluminum barrier,
the contact resistance of a three-layer package in the initial phase of interaction decreases almost three times,
however, the duration of the joint deformation of the stamp and plate increases significantly.

Upon impact by the polymer cylinder on the surface of the aluminum plate, the contact resistance initially
has a small rise interval, which then quickly stabilizes at a constant level of 0.55. The arrival of reflected
extension waves from the rear surface of the barrier only slightly reduces the amplitude &, (t) to 0.45. The

nature of the change in contact resistance when struck with an iron cylinder with a single radius and a height
of 0.5 on the surface of a uniform aluminum plate with a thickness of 1.5 is reflected on curve 9. At the initial
stage of the impact (0 <t <0,8), the time dependences of curves 4 and 9 are the same, but an earlier arrival

in the cross section z=0 of the reflected from the opposite end of the cylinder waves leads to a sharp decrease
of o, (t) which at the moment t=3.05 vanishes (complete detachment).

Analysis of the dynamics of contact resistance has shown that its magnitude and features of evolution over
time substantially depend on the geometric and physicomechanical parameters of the deformable system, as

well as on the type of boundary conditions. An increase in the acoustic rigidity 0, @, of the impactor leads

to an increase in the amplitude o, (t) and duration of the impact. The impact of a less rigid stamp or the

presence in the barrier of a shielding layer of a polymeric material (see curves 7 and 8) reduces the contact
resistance of the plate, but the force interaction between the impacted bodies is longer.
Graphs in (Figure 3) illustrate the change in time of the total contact resistance of a barrier to the shock

effect of a solid iron cylinder with a unit height (h, =1) and a radius of 0.5.

1,25

-0,

1,00

0,75 — At

050 =

0,25 T

i\‘

0 10 20 30 40 t

Figure 3.

Curve | refers to a uniform aluminum plate of unit thickness ( Fe, s — Al'); 2 - corresponds to the system
Feys — 0,5Al —0,5Fe; 3 - refers to a two-layer barrier Fe,s — 0,5Al" —0,5Fe, in which the upper layer
is viscoelastic (7, =3 £, =1); dynamic resistance in the system Fe,; — 0,5Al" —0,5Fe, with the

parameters of viscoelasticity 77, =1, f, =0 marked with number 4; the contact resistance curve of a three-
layer metal-polymer plate ( Fe,; — 0,5CTKT — B —0,25Al —0,25Pb) is denoted by 5. (In the conventional

symbol for the impactor — obstacle pair, the index below indicates the outer radius of the cylinder; the factor
before the designation of the material corresponds to the height of the impactor or the thickness of the layer;
an asterisk indicates a viscoelastic material). A distinctive feature of the variation of curves 1-4 is the existence
of a pronounced maximum of the contact resistance, which is reached at a time instant t=1.8. The replacement
of aluminum with iron in the area 0,5<z <1 of the barrier increases the peak value of the resistance of the
plate to the impact of a stamp by 30%.Accounting for the viscous properties of the upper carrier layer in a
bimetallic composition lowers the level of o (t) but the duration of the shock interaction increases somewhat

compared with the elastic case. For a three-layer packet, the shock pulse strongly stretches over time and the
duration of the impact increases significantly. The change in time of the total contact resistance of the plate
when interacting with a hollow cylinder is shown by oscillograms in (Figure 4) for various combinations of
drummer-barrier:
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1-AIP® > Al; 2-15A17°® 5 05AI;  3-Fe’®™ - Al;  4-15Fe)*" — 0,25A1 - 0,25F¢;

5-15AI1>*" — 0,25A1 —0,25Fe (indices at the bottom and at the top correspond to the outer in the inner
radii of the cylinder). At the initial stage of braking of a hollow cylinder, there is a time interval in which the
dynamic resistance depends only on the physic-mechanical properties of materials of the colliding bodies and

does not depend on their geometry.
Curves in (Figure 5) illustrate the time evolution of the total contact resistance of an obstacle to cylinder

impact:
1-0,5Al, ,; —15Al; 2—Al, - = Al; 3-15Al,,; —0,5Al.

1,25
-0, 13 0.15

1,00 =% -

3 4 A

0,75 - 0.10 S g

5 1 1 12 3
0,50 == \
2TV ™ ) 0.05 ;
025 : e
3 "A‘“ 0 L G- A 1
0 10 20 30 40 t 10 20 30 40 t
Figure 4. Figure 5.

As already noted, at the point in time at which the function o, (t) vanishes , there is a complete detachment

of the impactor from the obstacle. There is a direct proportional relationship between the height of the cylinder

and the duration of the contact interaction.
It is noteworthy that at the initial stage of braking (before the extension waves reflected from the free
boundaries on the contact surface) the total resistance does not depend on the geometry of the bodies being

pushed. When t>0.8 there is a bifurcation of shock resistance, which for the pair Al, ,. — Al is characterized

by the presence of a number of local extremes replacing each other. The change in time of contact stresses is
more intense at the beginning and end of the force interaction stage between the cylinder and the plate.

R
Figure 6 presents the variations in z, the integral characteristics Gk(Z,t)= 27?[ o, (r, z,t)rdr at different
0

points in time for the system Fe,; — 05CTKT —B—0,25Al -0,25Pb (a) and Fe,; — Al (b) zero
correspondsto: t =0,5; t=10; t=2,0; t=3,0; t=4,0.
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Figure 6.

The lamination of the structure of the metal-polymer plate causes a decrease in the function gradient o, (t)
; at the stage of braking of a solid impactor, the alignment of the numerical values of the integral characteristic
is observed, the amplitude of which is twice as low as for a homogeneous aluminum obstacle. In the mechanical
system Fe,; — Al there are small areas where the material experiences tensile stress on z, while three-layer
composition has no such stress. Zeroing of o, (Z) at a point z=0 means a complete breakdown of the

mechanical contact between the impinged bodies. For a single-layer slab, the latter takes place at t=4.4, and
the duration of a strike with the composite slab is 9.3 (see also Figure 3). The kinetic energy (originally stored
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in a drummer moving at a constant speed E; = , M, is the mass of the cylinder), is transformed in the

process of impact into the potential energy of deformations and the kinetic energy of particles of the whole
mechanical system, the total energy of which for the case of an elastic medium remains constant in time. Let

us denote by E, the sum of the kinetic and potential energy of the inertia-free striker after its detachment from
E

*

the slab and we will call the energy transfer as a coefficient of impactor to the obstacle f* =1 —
0

Some generalized ideas about the moments of complete violation of mechanical contact & and the values
of the coefficient ™. Note that the energy transfer coefficient for a two-layer plate 0,5Al —0,5F¢ is slightly
lower than for a single-layer aluminum barrier, with the same collision mode. This means that a smaller part
of the energy of the impactor is transferred to the layered structure, and therefore its carrying capacity is often
higher than that of structures made of a uniform material. The value f~at impact of an iron cylinder on an

elastic plate is 14% higher than for a viscoelastic target under the same loading conditions. In addition, in a
viscoelastic medium, part of the energy is expended on viscous internal friction, which reduces the level of the
stress state, as a result of which the impact resistance of the obstacle increases.

Reducing the radius of the impactor has virtually no effect on the energy transfer coefficient, but reduces
the total duration of the impact interaction. This indicates a greater rate of flow of energy from the hammer to
the plate through the contact area. Very little energy is transferred to a metal target from aluminum when it

strikes a striker of polymeric material CTKT — B . The function f(t)= I —9 (E(t) - the total energy of
0

the impactor at the moment of time) monotonously increases in the collision interval up to the moment of

sticking, starting from which the total energy of the obstacle stabilizes at a constant level. The noted pattern is

characteristic of all specified “drummer-plate” pairs. For a three-layer barrier, the coefficient f* reaches a

value of 0.93, but the rate of absorption of the impactor’s energy is significantly lower than in the process of
striking a uniform slab. The presence in the mechanical system of three layers with different properties leads
to a stretching in time of the shock pulse while maintaining its total value. During the contact interaction of

the striker with a metal-polymer plate, a decrease of f (t) is observed inthe interval 5,0 <t < 6,1, i.e. aprocess
of reverse flow of a small part of the energy from the plate into the cylinder hit takes place:

f(5)=0,943, f(6,1)=0,898.

Reducing the length of the drummer to 0.5 increases the f* value and speed of the flow of energy from
the drummer to the plate. At the time t=2.0, the value of f(t) is 0.95.

The curves in (Figure 7) represents dependence of radius R on the energy transfer coefficient f* for three
pairs of colliding bodies:

1-Al, > Al; 2—Fe; —» Al; 3—Fe;, - 0,5CTKT - B —-0,25AI —0,25Pb.

7 P— ——
Z><
0.5 /‘1

0 0,25 0,5 0,75 R

1.0

Figure 7.

Noteworthy is the fact that for a homogeneous obstacle, the function f*(R) first increases monotonically

and then decreases. Thus, there is an optimal value for the radius of the impact stamp, at which the maximum
amount of energy is transferred to the plate. When R = 0,8, the coefficient of energy transfer to a
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homogeneous medium does not depend on the rigidity of the impactor. For a three-layer composite plate, the
function f (R) monotonously decreases at R < 0,5, and then stabilizes at a constant level.

Dependencies f(t) for two systems Al — Al (a) and Fe, — Al (b) are shown in (Figure 8), where
curves 1 -5 correspondto R=1; R=0,75 R=0,5; R=0,25 R =0,125.

1.0 - ; 1.0

t 1.0 20 3.0 t
a) b)
Figure 8.

At the initial time interval, the energy transfer weakly depends on the radius of the cylindrical striker,
however, at subsequent points in time, the influence of the parameter is very significant. For both pairs

R < 0,25, with (curves 4 and 5), the function f(t) monotonically decreases on the interval 25<t<4,0.

This means that part of the energy flows back from the plate into the cylinder to be hit. Note that the maximum
amount of energy (about 90%) is transferred to a homogeneous plate in the case of an impact of an aluminum

punch, and for iron striker with a radius of 0.5, the function f(t) reaches 0.995. Thus, for different pairs of

impacted samples there is an optimal radius at which the target is reported the largest part of the originally
stored energy of the cylinder.

Relations f(t) for Fe,s —05Al —05Fe (curve I); Fe,; — 0,5AI" —0,5Fe (2); Fe,s — Al (3);
Fe,; = 0,5CTKT — B —0,25Al —0,25Pb (4) are shown on Fig.9. (an asterisk indicates Maxwell’s
viscoelastic material with parameters 77, =1 f, =1).

10 20 3.0 t
Figure 9.

Comparison of the results shows that at the considered time points the smallest part of the energy is
transferred to a three-layer target, the rate of energy overflow is close to constant. For a bimetallic composition

(curve 1), the function f(t) monotonically decreases on the interval 3,0 <t <4,0, i.e. the energy of the slab

is transferred back to the impactor. The viscosity of the material of the shielding layer increases the amount of

energy transferred to the two-layer barrier, and reaches its highest value max f(t) when struck with an iron
t

striker on a uniform slab. This means that a smaller part of the impact energy is transferred to the layered
structure, and therefore its impact resistance is often higher than that of targets made of a uniform material.
In (Figure 10), in the plane rz for the moment of time t=1.5, the isolines of the intensity of tangential

stresses o; are shown. This is due to the fact that many materials undergo significant plastic deformations

14
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. . o . S . -
before failure, and equality o; = T; where o is the tensile yield strength, is often used as a plasticity

condition (according to Mises).
The lines of equal values o; in (Figure 10. a), correspond to the impact of an aluminum cylinder of unit

radius on the single plate. At the considered moment of time, the zone of greatest values o; is formed near
the contact area and in the vicinity of the corner point (r =1, z = 0); as the distance from the surface increases
z=0, o, decreases.

4.0

S

2.5
3.0
At

2 05 35 PR3N sYo  Jos

|

@

,

Figure 10.

If an iron drummer of the same dimensions interacts with the surface of a homogeneous aluminum plate
(Figure 10. b), then localized zones of high values of the intensity of tangential stresses more clearly appear.

The field is o; (r, z) are characterized by large gradients in spatial variables, and the obstacle material is prone
to a faster transition to a plastic state. Isolines o (r, z) = const when hitting an aluminum stamp on the surface

of a bimetallic plate 0,5Al —0,5Fe are shown in (Figure 10. c). In the deformable system, two sources of

concentration of the intensity of tangential stresses are observed, one of which is located near the corner point,
and the other in the vicinity of the plane separating dissimilar to metal layers. Note that in all cases analyzed

here, the maximum o is located in the impactor, which is associated with the dispersion of the impact energy
in the horizontal direction by an obstacle.
Thus, the contours of the isolines o; provide a visual representation of the configuration of the areas at

which points the stresses develop, immediately preceding the appearance of elastoplastic deformations for
spall fractures (for fragile materials).
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