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MODEL OF DEFORMABLE RIGID BODY WITH DANGEROUS VOLUME
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Variety of pradicdly important systems such as toothings, whed/ rail etc. work in conditions
of complex stressstrain state conditioned by locd contadt and general non-contad volume deforma-
tion. Such medanicd systems are cdled adive systems [1] and for them spedal andysis of surface
and subsurfacedeformation and damage is neealed.

Gengadly the andysis of interadion and damage of elements of adive systems is based on
statisticd modd of deformable rigid bodywith dangerousvolume that containsthe criteria for limi-
tation of dangerousvolumes and the general procedure of their cdculation [1].

Definition of forms and sizes of dangerous volumes requires the knowledge of function of
distribution of fatigue limits for corresponding element of a system and the stress state in cons-
dered areas of interading bodies. Dangerous volumes are finite threedimensond aress where the
stresses excealing the minimum va ues of fatigue limit (o_,,,) distribution ae present (figure 1).
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Figure 1. Sheme of formation of dangeousvolume for pure bending of a sh&t (a)
and onsle bending of a thick plate (b).

Active system differs from a bent shaft becaise al six indgpendent components stresstensor
are usually nonzeo. Generadly thelimiting sate acording to the criterion of contad fatigue (forma-
tion of microcrads) in some point of an adive system may be readed by several varioustensor
components. Thusfatigue limit for an adive system is defined for every indgpendent tensor compo-

nent as an extreme value of its distribution unde theadion of limitingload F,, . For ahomogene-
ous isotropic deformable rigid body limiting normal and tangential stresses o¢'™ and '™ and

aso limiting main stress ("™ and limiting intensity of stresses ¢''™ are defined in thefollowing
way [2]:
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where dV - elementary volume of the loadedbody.

Limiting stres@s o' , i, j = x,y,z, 0", i =1, 2, 3, o, are defined similarly for the
gereral cas of rigid body.
Thenthe condtions for li mitation of dangerous volumesare
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where V - working volume of adeformablle rigid body.

Correpondng measiresof damege are
(4) W =V, IV, «r =V 1V,

Since dangerous volumes may have abitrary and comgex form and their analyticd definition
isdifficult then they are cdculated using Monte-Carlo method

Figure 5 shows the example of cdculation of dangerous volumes for the cae of non
conforming elipticd Hertzian contad for the following initid data o™ =0.3p, ,

o™ =0.09p, (po is the maximum contact pressure in the certer of contac), friction coefficiert

f = 0,05, ratio betweensmaller b ard bigger a semi-axesof contactellipse b/a = 0.813[2]. It is visi-
ble from the given figuresthat the greated by size are V(z», V() ard V(y, dangeraus volumes cor-

()
respondto the greate stresses 67, o) and 0. .
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Figure 2. Union of dangerous volumesand its secions

Since dangerous volumes arethe measiresof damage of deformakle bodesthenwhil e aralyz-
ing figure 2 it is possble to specify concrete areas wherethe origin ard developmert of bath sur-
faceard internal cracks is possble. It is obvious, that occurence of irreversible damages (primary
cracks) have higher probabhilit y where correpondng dangeraus volumesintersect
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