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M e x a nikKa

Ru B pabore mpoBOOUTCS HCCIEAOBAaHWE 3aBUCUMOCTH CHJIBI JUHAMHYECKOTO
BBaHMOHeﬁCTBHﬂ TBECPABIX TCJI IIPHU YyAApC OT MCCTHOI'O CiKaTwud, HOJIy‘IeHHOfI
COIJIaCHO PaCUIMPEHHON TeOpuu yaapa.

Pe3ynbrarhl TEOPETHUECKOTO HCCIECIOBAHUS CPABHHUBAIOTCS C pe3yjbTaTaMu
OKCIIEPUMEHTA, IIPOBEACHHOI0 paHee APYrMMH aBTOPaMH.

MOKHO 3aKJIFOUHTh, YTO PE3YJbTATHI, IIOJYYEHHBIE 110 PACIIMPEHHON TEOPHH,
KaueCTBEHHO JIy4Ille COTJIACYIOTCSl C JAHHBIMH 3KCIEPUMEHTA, Y€M Pe3YJIbTaThl,
MOJIy4E€HHBIE 0 KJaccuueckor teopuu I'. I'epua.

Introduction

A method for clarifying the extended theory of impact, known from [1], is
considered in the monograph [2]. This method takes into account the dynamic
terms in the Lamé equation, to which the solution of the dynamic problems of
the elasticity theory is narrowed down. Thus, one of the main simplifying
assumptions of the classical G. Hertz theory is eliminated, according to which
the inertial forces have little effect on the local distribution of stresses in the
contact area. Here, the strength of the dynamic interaction P is determined by
the difference

P=2P -P (1)
where P, — is the strength of the dynamic interaction corresponding to the
classical theory of G. Hertz, P. — the extended theory.

However, equality (1) generally corresponds to the mechanical model
described by the shock theory developed by G. Hertz. The difference from the
G. Hertz model here, as can be seen from [2], is the introduction of local inertia
forces arising from the deformation of an elastic element included in a
mechanical model (the model corresponds to the theory of G. Hertz).

Statement of the problem

The purpose of this paper is to study the properties of the curve P =P(a)

(dependence of the dynamic interaction force Pand colliding bodies on local
compression o ), obtained according to the extended impact theory, on the basis
of the approximate dependencies indicated in papers [2, 3, 4].

The results of experiments leading to the determination of the exact
dependence of P(t) and o(t) are presented in papers [1, 5]. This allows us to

compare theoretical and experimental results.

Research

In the classical theory of G. Hertz, the relationship between the interaction
force and the relative displacement of the centers of inertia of bodies, obtained
by static compression, is preserved even in the case of a collision, i.e.
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2
o, = ka (2)
here o, =a, (t); P,=P,(t).
2 3
- - g g - - - -
Substitution t=1—— (T — non-dimensional time) allows presenting
V5

0

values also o, P in dimensionless form

2 3
2\s 2\s
aﬂ=[m;’°j ke, () a{”ﬁ“j f,(2)

Based on (2) we have

3
£, =[e.@, ®)
where f(t) — is the dimensionless dynamic interaction force;

¢(t) — is the relative displacement of the centers of inertia of bodies.

The functional connection (3) is represented by curve 1 on fig. 1.

The classical quasi-static theory of G. Hertz considers an absolutely
elastic impact; therefore, two branches of curve 1 found for two stages of the
impact coincide.

Dependence of P, fromo obtained under the extended theory in

dimensionless quantities is shown in Fig. 1, curve 2 has the form of a loop, the
branches of which correspond to an increase and then a decrease in strength and
deformation during the collision process.

f p

Fig. 1. Fig. 2.

This curve can be called the “reversed hysteresis loop”, since its branch
corresponding to the load is located below the unloading branch. It follows that
the function f = f () needs corrections indicated in paper [3].
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Using the results [2], we can put down the equation (1) as follows
F=f(p)=21, -1 (4)

Curve 3 describes “hysteresis loop”. The term “hysteresis loop” is used
conditionally, since this hysteresis is not associated with the internal properties
of the substance, but with local inertia forces. The dimensionless projection
duration found from the graph in fig. 1 is equal to t,, =3,203. The part of

curve 3, indicated by the dashed line, corresponds to the negative value of the
interaction force P. In the case of adhesion forces absence between the colliding
bodies, the impact ends at P=0.

The results of the experiment related to the determination of the exact
dependence of the dynamic interaction force on time are presented in papers
[1, 5]. The impact force was measured using piezoelectric sensors. The data
obtained on the basis of the experiment, as well as the values of a found from
the obtained values of P from the equation of motion, allowed us to construct the
so-called indicator diagram, which determines the dependence of P on
o (fig. 2).

Comparing curve 3 in fig. 1 and the indicator diagram in fig. 2, we can
conclude that curve 3, obtained by the extended theory [2], qualitatively
conforms with the dependence of P on o, constructed from the experimental
data.

Conclusions

The established dependence of P on a in the presence of the influence of
inertia forces is represented by a curve similar to the hysteresis loop. However,
as stated above, its origin is different.

The obtained results are mainly of qualitative importance, since they are
based on the approximate dependencies mentioned above. Making clarifications
to these dependencies may change the quantitative description of a phenomenon.
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