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3 numannsa npo po3nodin pacianviozo HABAHMANCEHHS MIdC
minamu KoueHHs 00HOPA0H020 Padiaivio20 NIOWMUNHUKA 3anPONo-
Hoeani ananimuuni ma xomnromepui modei. Posensnymo ocoonu-
socmi zeomempiii depopmauii demaneil, a maxoic 3a3opu 6 niowun-
HUKy 6e3 Ypaxyeamnns piznozo noN0NCEHH UEHMPI8 GHYMPIUHBLOZ20
i 306HIUNHBOZO Kineub. OCmanHe MOJce CYMmEBO 6NAUBAMU HA PO3-
nooin padianviozo HABAHMANCEHHA MIJC MINAMU KOUeHHA | Gymu
NPUMUHOI0 NPOKOG3YBAHHS MiJl KOUEHHS NO KiIbYsx.

Ile docnidxcennsn cnpamoeare Ha ymounenHs po3paxyHKo6020
3HAMeHHs PO3N00isY HABAHMANCEHHS HA MIAA KOMEeHHS NiOWUNHU-
xa. Qum 6auscue 00 icmunno20 3HavenHs pesyivmam po3paxym-
KY PO3n00iny HABAHMAXHCEHHS i, 0COONUBO, HA UeHMPATbHE MINO
Kouenns, mum mouniue susnauenuil pecypc niowmunnuxa. Ile 6aza-
mo 6 HoMY 6U3HAMAE HAOIUHICI MAWUHU, A MAKONC BUMPAMU HA
pemonm i 3aminy niowunnuxie. He menw eajxcaueo npu eusnauen-
Hi 6MOMHOI MIYHOCME | 3HOCOCMIUKOCMI Cenapamopa K MOHCHA
mouniue snamu eeaununU i Hanpamku 0ii paciarbHUX Cull Ha Mmiaa
KOUeHHS N0 KPasx 30HU Hasanmaxcenns niomunnuxa. Came ui cunu
CRPUMUHIOIOMb HAGAHMANCEHH, WO OHOMb HA Cenapamop.

Ompumano zeomempurni pieHAHHA 36'A3KY PaoiavHUX 30Ju-
JHcerdb Kineup, Pisuuni piGHAHHA 36'A3KY 30UNCEHb MI KOUEHHA 3
KiTbUAMU | CUNAMU, YMOBA PIBGHOBARU BHYMPIUHBLO20 KiNbYs 3 Ypa-
XYBAHHAM PIi3HO20 NOJIONHCEHHS UEHMPIE 306HIUHBLO20 1| HYMPiuL-
Hb020 Kineup nidwunnuxa. Buseneno domuuni cuau na 0izosux
dopidckax Kineuv, wo SUKIUKAIOMb NPOKOE3YEAHHA MiJ KOUEHHS
8 30Hi HABAHMANCEHHS NIOWUNHUKA, MA OMPUMAHO POPMYNY 05
eusnauennsn ix 3nauens. Pospaxynox posnodiny masanmasicenns
MIC Minamu KoueHHs niOWUNHUKA 3a PO3POOIEHOI0 aHAIMUYHOL
Mo0eni noKaszye 3HUNCeHHs Ha 5 %6 padianbHUX CUl HA YeHMPaTbHe
mino xouenns i nidsuwenns na 3 % paodianvHux cua Ha poauKyu no
Kpasax 30HU HABAHMANCEHHA NIOWUNHUKA 6 NOPIGHANHI 3 8100M010
Modennio. Ile 3abesneuye nidsumweHnHs po3paxyHKoeozo0 pecypcy
niQWUNHUKA 34 KOHMAKMHO-6MOMHUMU NOWKOOHCEHHAMU Kideup i
min xouenna na 18,6 %.

Hosa ananimuuna modenv posnodiny paodianvhozo Haéam-
masicenns Mmoodice 3HAUMU 3ACMOCYBAHHS 6 MeEOPii PO3PAXYHKY
pecypcy nidwunnuxie nideuuienoi 6aHMANCONIOUOMHOCHI 3A KOH-
MAKMHO-6MOMHUMU NOWKOONHCEHHAMU KiNeyb 1 MiJl KOUEeHHA 3 Ypa-
XYBaHHAM KOHCMPYKUii cenapamopa

Kmouosi caosa: modens po3nodiny nasawmasicenus, mina

KOueHHs nidwunnuxa, Cuau Ha 00pinckax Kineus
u| o
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1. Introduction

2. Literature review and problem statement

To calculate the resource of bearings based on the cri-
terion of contact endurance of rings and rolling bodies, it
is very important to acquire data on the distribution of ra-
dial load. The more precisely this distribution is defined,
especially a load on the bearing’s central rolling body,
the closer the result of resource estimation to the actual
value. It is equally important in determining the fatigue
strength and durability of the separator to know as ac-
curately as possible the magnitudes and directions of the
action of radial forces on the rolling bodies at the edges of
the bearing loading zone. Therefore, a more detailed study
into the distribution of radial load among rolling bodies,
which would refine the magnitudes of forces, is a relevant
task aimed at developing the theory of calculations of all
elements in the bearing.

A problem on the static distribution of radial load among
rolling bodies in the perfect single-row bearings is present-
ed in [1]. In this case, the radial convergence of rings with
the single center was estimated based on the magnitude of
contact deformation of rolling bodies while the radial gap
of the bearing and the ring curvature were not taken into
consideration.

The analytical model from [2] provided a detailed anal-
ysis of the impact of the inner geometry of a roller bearing
on distribution of the load among rolling bodies taking into
consideration a radial gap. It was established that depend-
ing on the combination of magnitudes of the outer load and
the radial gap, the load distribution changes. Great load
magnitudes and lower values for a radial gap form a more
favorable load distribution among rolling bodies. The draw-




back of paper [2] is that the ring curvature was completely
ignored.

Numerical calculation of static load distribution in a
single-row angular contact ball bearing when it is exposed
to the combined (radial and axial) load is given in [3]. The
proposed procedure requires that Z+2 nonlinear equations
should be iteratively solved simultaneously, where Z is the
number of balls. This makes it difficult to derive an exact
solution for the axial and radial deformations of the bearing
with taking the contact angles into consideration.

A new approach to mathematical modeling of load dis-
tribution among the bearing rolling bodies was developed in
[4]. Geometrical parameters of the bearing are selected di-
rectly from the respective catalogs, which makes it possible
to compare any type of them. However, the computer model
[4], as well as [3], does not elucidate the effect of rolling bod-
ies slipping on rings of the bearing.

Experimental study into load distribution among rolling
bodies using sensors based on optical fibers was proposed in
[5]. However, there is no answer to the question about the
patterns of interaction between rolling bodies and rings,
related to slippage, in paper [5].

An analytical study on the influence of a radial gap on
load distribution among rolling bodies, reported in work
[6], provides a reasonably accurate solution. Error in the
calculations amounted to no more than 0.5 %. However, the
model from work [6] does not take into consideration differ-
ences in the positions of geometrical centers of the inner and
outer rings.

Paper [7] describes a computer model and reports results
of research into interaction between a rolling body and the
inner ring of an angular contact ball bearing at different
values for radial load. The derived dependences of change in
the stresses in a contact area on the magnitude of load made
it possible to estimate the performance of the bearing; they,
however, did not explain the nature of rolling bodies slipping
on rings.

An analysis of the published scientific papers [1-7] re-
veals that up to now there has been no solution to the prob-
lem on accounting for various positions of the centers of the
inner and outer rings. An attempt to solve a specified task
could involve a study to investigate the distribution of radial
load among the bearing’s rolling bodies depending on the
various positions of centers of the inner and outer rings. A
new analytical model for the distribution of radial load could
be applied in the development of the theory to calculate the
resource of bearings that have increased lift capacity [8]
with the improved separator design [9].

3. The aim and objectives of the study

The aim of this study is to construct a refined analytical
model of the distribution of radial load among rolling bodies
of the bearing, considering the various positions of centers of
the outer and inner rings, their curvature, and their radial gap.

To accomplish the aim, the following tasks have been set:

— to construct geometrical equations that would link the
radial encounters of rings, physical equations that would
relate encounters between the rolling bodies and the rings
and forces, a condition for the equilibrium of the inner ring;

— to explore the distribution of radial load among the
bearing’s rolling bodies, derived using the developed, as well
as known, analytical models.

4. Mathematical model of the radial load distribution
among the bearing’s rolling bodies

Schematic of static interaction between rolling bodies
and bearing’s rings is shown in Fig. 1.

Fig. 1. Schematic of encounter between the outer and inner
rings under load

When constructing a model of the radial load distri-
bution among the bearing’s rolling bodies considering the
various positions of centers of the outer and inner rings,
their curvature and radial gap, the following assumptions
were accepted:

— the bearing’s parts are of an ideal geometric shape;

— distortions of rings and twists of rollers are not taken
into consideration;

—radial encounters between the outer and inner rings
and rolling bodies at the expense of a contact deformation
are the same along the assigned radial direction;

— dynamic effects predetermined by rotation of the
inner ring do not affect the operation of parts. In their
original state, centers of the outer and inner rings coincide.
At the inner ring displacement vertically downwards by
magnitude (§p+g), distance OO’; formed between the
centers of the rings; g is the initial radial gap in the radial
bearing (Fig. 2). The magnitude of g is determined along
the radial direction and is computed from known expres-
sion [4] 2g=d,—d;—2d}.

Sides AOO’O, (Oyis the first rolling body’s center) are
determined from:

00=[0,5d,~(0,5d,-0,55,)],
00'=[0,5d,+(0,54,-0,55,)],
00'=8,+g, )

where d,, is the diameter of the rolling track of the outer ring;
d;is the inner ring’s rolling track diameter; dj, is the diameter
of a rolling body; &, is the radial deformation in a contact
between the rolling body and the outer and inner rings.

In a general case, the following ratio holds for any rolling
body in the zone of radial load on the bearing between sec-
tions 0,0, 00" and 00’ (Fig. 1)



[0,5d, (0,54, —0,5d,,)+1,)[ =
=[(0,5d,+(0,5d, -8.)+u) | +(g+8,)* +
+2(g+8)[0,5d, +(0,5d, —8,,) +u,)cosy,. 2)

Upon transform of expression (2), excluding low order
higher than the second, we obtain geometrical equations
that link radial encounters 8;, and &, of rings in the neighbor-
hood of any (i-th) and the central rolling bodies:

8, =8,cosy, +g(cosy, —1)—(u, —u,), 3

where the magnitudes u, and u; are the deformations, re-
spectively, of the outer and inner rings (they are not shown
in Fig. 1 because of their smallness compared to the initial
radial gap in a bearing); u, and u; are computed for thick
rings by integrating differential equation [10] of the curved
axis in a crooked beam
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where u is the deformation; 6 is the angular coordinate; M is
the bending moment; R is the ring’s radius; I is the moment
of inertia of the ring’s cross section; E is the modulus of elas-
ticity of a material. Expressions for the deformations of the
outer and inner rings are then:
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where F', F l’ are the forces acting on the outer and inner rings;
Y’, v, are the angles of contact between the outer and inner
rings; I, I; are the moments of inertia of cross sections of the
outer and inner rings, respectively; R,, R; are the radii of the
outer and inner rings.

The angle of the bearing’s loading zone v is determined
from expression (3) under condition §, =0, when y; =1y,

+u, —u,
\|1=arccos@.

Physical equations for the relation between balls’ en-
counters §;, with rings and forces F; acting on the balls, with
respect to expression (3), take the form:

60=Cb’E)%y

, - %
3, =80C05'Y1+g(C05'Y1_1)_(uo_“i)=cb'F1 %,
8nZSOCOSY;+g(COSYVn_1)_(uo_ui):Cb.Fn%’ (5)

where Cj is a constant magnitude [10], defined by the me-
chanical properties of materials and the geometry of parts

c:131.3ﬂ.M,
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Ratio between the left and right parts of expressions (5)
yields relationship between Fy and F;

8,/8, =80/(80'C05'Y;+g(C057; _1)_(“0 —ui))=(FO/F1)%, (6)
8,/8, =50/(80~Cosy;1+g(cosy'n—1)—(u0—ui))=(F0/Fn)%,

hence, the distribution of forces between rollers

g , 1 %
E :E)(cosy1 +8—(cosy1 —1)—8—(140 —ui)J ,

0 0
g , 1 %
F, =F0(cosyn+80(cosy”—1)—80(uo—ui)) . 7

By applying an equilibrium condition for the inner ring,
which is under the action of radial load F, and forces F;,

F.=F,+2F,-cosy, +...+2F,-cosY,,

one can determine the force acting on the most loaded ball

n . s g , 1 %
F,=F 1+22cosyi[cosy,. +—(cosyi —1)——(u0 —ui)) .
=1 3, 8,

At g=0, u,=u;=0, we obtain an expression for the force
acting on the most loaded rolling body in a perfect ball
bearing.

Physical equations of relationship for encounters &;, be-
tween rollers and rings and forces F;, which act on rollers,
taking into consideration expression (3), take the follow-
ing form:

8,=C,F

0’
8, =38, cosY, +g(c03\('1 —1)—(u0 -u)=C,-F,
6,,:50cosy'n+g(cosy'”—1)—(u0—u,):Cm~Fn, ®)

where C,; is the variable from forces F;, defined by the
mechanical properties of materials and the geometry of
parts [10],
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Ratio of the left and right parts of expressions (8) yields
a relationship between Fy and F;

8,/8, =80/(80 cosY, +g(cosy'1 —1)—(u0 —ui))z
=G0 (E)/E)’

3,/8, =80/(80 cosY, +g(cosy'” —1)—(u0 —ui)) =

=¢,0,(F/E,), ®)
where

C701 = rO/CH""’CrOn = CrO/CrrN

hence, the distribution of forces between:
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F=C, F, [60571 +8é;(cos% —1)—8—0(1,1O —u,-)];
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By applying an equilibrium condition for the inner ring,
which is under the action of forces F, and F,

F. =F,+2F/-cosy,+..+2F/-cosY,,

one can determine the force that acts on the most loaded
roller:

cosy; + Sé(cos Y, - 1) -

F,=F/ [1+23 C,; cosy, . !
i=1

0 r
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A deviation in radial forces F; of the interaction between
the outer ring and the rolling bodies from the directions of
radial forces F/ (F, =F/) of interaction between the rolling
bodies and the inner ring on the contact angles o; predeter-
mines the occurrence of tangential forces F, along the rolling
tracks of the rings (Fig. 1). The magnitudes of forces F" are
determined from expression:

F’ = F sinqarccos

[0.5d,-0.5(d,~8,)+u, | +[0.5d,~(d,~8,)+, ] ~(g+3,)"

Radial load distributions among rolling bodies of bear-
ing, derived based on the constructed model taking into con-
sideration the different positions of centers of the outer and
inner rings (the angles of contact between rolling bodies and
rings), radial gap, rigidity of rings, are not much different
from those obtained from known model (maximum deviation
does not exceed 5 %). In this case, the constructed model
produces 5 % lower values for the radial force on the central
roller, and 3 % larger values for the radial forces on rollers at
the edges of the bearing’s loading zone.

Results of calculation of tangential forces F; in the bear-
ing’s load zone using the constructed model depending on
the rigidity of rings and the number of rollers z are shown
in Fig. 3.

Tangential forces F; in the neighborhood of a first roller
are significantly (by 1.5..2 times) higher than tangential
forces Fy in the neighborhood of a second roller, though an
increase in rigidity of the outer ring leads to a decrease in the
difference between them. An increase in rigidity of the outer
ring leads to a decrease in tangential forces in the vicinity
of a first roller, while they increase in the neighborhood of a
second roller. In this case, tangential forces in the neighbor-
hood of a second roller grow in proportion to an increase in
the number of rollers in the bearing.

Results of calculation of force F;in
the bearing’s loading zone depending
on the number of rollers, their loca-

The direction of forces F is such that the motion of a
rolling body that enters the loading zone is decelerated, but
it is accelerated at the output from this zone. For example, in
bearings of type 2726, installed at anchor nodes of wheel sets
of railroad carriages, forces F, can contribute to the slip of
rollers, wear and destruction of their separators [11].

3. Results of studying the distribution of radial load
among rolling bodies of the bearing

Results of calculation of the radial load distribution F,=
=50 kN among the rollers of bearing, type 2726, are shown
in Fig. 2.

Fig. 2. Distribution of radial load: 1 — estimated based on
known model [6]; 2 — estimated based on the constructed
model (formulae 10, 11); 3 — under conditions of bench
testing [12]; 4 — in a train [12]

2[0,5d,-0,5(d, -3,)+u, ][0,5d,-0,5(d, -5, ) +u,]
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12) tion, and the magnitude of a radial
gap, are shown in Fig. 4.
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Fig. 3. Changes in the estimated values for tangential forces
F*;:depending on the number of rollers and rigidity of rings
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Fig. 4. Changes in the estimated values for tangential forces
F*:depending on the number of rollers, their location in

the bearing, and a radial gap



For bearings (Fig. 4) with radial gaps (g>0), the tan-
gential forces in the vicinity of the central roller are absent
(Fy=0); in the neighborhood of a first roller, they reach
maximum values; when they approach the boundaries of a
loading zone, they decrease. In the absence of radial gaps in
bearings (g=0), tangential forces reach the maximum value
in the neighborhood of a second roller close to the boundar-
ies of a loading zone. An increase in the number of rollers in
the bearing contributes to an increase in tangential forces at
the edges of a loading zone.

6. Discussion of results of studying the distribution of
radial load among rolling bodies of the bearing

The need to refine the calculation of static distribution of
radial load among rolling bodies in a single-row radial bear-
ing arose from the experimentally observed phenomenon
of rollers slipping at the input and output from the loading
zone of bearings in the railroad carriages’ axle nodes [11].
The slipping of rollers along the rings’ rolling tracks must
inevitably lead to the occurrence of friction forces, that is
the tangential forces in the neighborhood of boundaries
of the bearing’s loading zone. However, known theoretical
solution to the problem on static distribution of radial load
among rolling bodies in a single-row radial bearing contains
no information about any tangential forces at all. Such tan-
gential forces should contribute to an increase in load on the
separator and, hence, affect its strength and durability. In
this context, refinement of the calculation of static distribu-
tion of radial load among rolling bodies in a single-row radial
bearing is of particular relevance.

The emergence of tangential forces along the rings’ roll-
ing tracks is the consequence of divergent lines along which
the interaction forces between rolling bodies and the outer
and inner rings act, due to the different position of their
centers, which has not been taken into consideration up to
now. The direction of tangential forces is that they slow
down the motion of rolling bodies towards the middle of
the bearing’s loading zone, but accelerate the motion at the
output from the specified zone. Tangential forces are absent
in a contact between the central rolling body and the rings’
rolling tracks.

All the facts and conclusions established above are valid
for any type of single-row radial bearings; the model for the
refined calculation of static distribution of radial load among
rolling bodies was tested experimentally [12]. The difference
between the refined estimated distribution of radial load
among the rolling bodies of bearing in the journal box of
railroad cars and that experimentally derived is explained
by special features in the structure of parts in the running

gears of railroad cars. Under operating conditions for rail-
road cars, the bearings are exposed to the torque loads both
in the vertical and in the horizontal planes with subsequent
distortions of rings and load concentration at the edges of
rollers. The latter is the reason for the edge contact between
the rollers and the bearing’s rings, which is accounted for
only experimentally. A theoretical solution to the problem
on assessing the impact of distortion of bearing’s rings on
its operational capability has not been investigated in detail
up to now. The spread of permissible dimensions for bearing
parts, which is not considered in this study, significantly
affects the distribution of radial load among the rolling
bodies of bearing. Thus, the factors related to the skewness
of rings and spread in the dimensions of parts impose a limit
on solving the problem on the refinement of an analytical
model of the distribution of radial load among the bearing’s
rolling bodies. However, consideration of various positions
of centers of the outer and inner rings shows the way to
reasonably prolong the service life of bearing operation,
which is an advantage of this study compared with known
analogs. Therefore, undertaking a theoretical research into
the influence of ring distortions and a random character of
change in the shape and size of parts in a radial bearing on
the distribution of radial load among rolling bodies could
further advance our study

7. Conclusions

1. We have constructed geometrical equations that link
the radial encounters of rings, physical equations that relate
the encounters of rings and rolling bodies to forces, a condi-
tion for equilibrium of the inner ring taking into consider-
ation the different positions of centers of the outer and inner
rings of the bearing. The latter predetermines a deviation
in the radial forces of interaction between the outer ring
and the rolling bodies from the directions of radial forces of
interaction between the rolling bodies and the inner ring on
contact angles and the occurrence of tangential forces along
the rings’ rolling tracks, which cause the slippage of the
rolling bodies in the bearing’s load zone. We have derived a
formula for determining the values of tangential forces based
on the rings’ rolling tracks.

2. The calculation of distribution of radial load among
the bearing’s rolling bodies based on the constructed ana-
lytical model demonstrates a 5 % decrease in radial forces
that act on the central rolling body, and a 3 % increase in
radial forces that act on rollers at the edges of the bearing’s
loading zone compared to known model. That improves the
estimated resource of the bearing in terms of contact-fatigue
damage to rings and rolling bodies by 18.6 %.
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IIpu po3po6ui mexnonoziunux npouecic OMpUManis X0a00HONpecosa-
HUX cnevenux demaJeti Man0i NOPUCMOCMI 0COOIUBA Y6aza NPUOLAAEMBCA
Mexanizmy 3minu winsnocmi. Ha npaxmuui nopowxosoi memanypeii oyoice
HACMO GUKOPUCTMOBYIONMb GA2AMOKOMNOHEHMHI WUXMU, W0 CKAAOAIOMb-
€A AK 3 NAACMUMHUX MEMATIi8, MAK 3 NO2AHO CMUCKAEMUX 6KTIIOUEHD i 3'€0-
Hanw. []o maxoi wuxmu 6 pieniti Mipi ModcHa eionecmu i wuxmy, wo ckaaoa-
EMBCS 3 NOPOWKY 3ai3a, 4A8YHY i CKAA. Y Uil WUXmi nepuuii KOMnoHeHm
(ocnosa) — ue naacmuune 3anizo, a 08a HWUX — HABYH i CKIO — NPYHC-
ni Komnonenmu. Buxaukxae neenuii inmepec, sxe yuwjiavHenns moice oymu
ompumMano 6 maxomy 6UnaoKy i AKi pesyavmyroni piHAHHI MONCHA 3ACMO-
cyeamu 0N OUIHKU MEXAHIKU YWINbHEHHSA MAKOT NOPOWK0B80T wuxmu.

IIpononyiomvcs pe3yavmyroui pi6HAHHA YWiTbHEHHA ROPUCMUX NOPO-
wKosux min iz 3anizo-uasyn-cxno. Hasedeno ananiz izomponnozo, xycop-
CMKONNIACMUMH020 3MIYHIOWU020 Mamepiany muny 3ai30-4asyH-CcKJo.
Ipu ywinvnenni maxozo mamepiany weuoxicmo oucunauii enepeii (muck
npecyeanns) 6UHAMAEMbCA WEUOKOCMAMU 3MIHU 00Cs2y mina i #o20
dopmozminu. Ioxasamno, wo 6iOMinHicmb cmuckaemux (4asym i cxao) i
naacmuvnux (3anizo) mamepianie, wo YwiasHI0OMvCa, Popmye 0codauUei
Mexaniuni enacmueocmi mampuui. Omoice, 2i0poCMAMUMHUT MUCK MOJiCe
enaueamu Ha Gopmozminy mina, a 0omurHi HaNPYHceHns — Ha IMiny 00ca-
2y. Ompumani pesyaomamu Mamemamuunoz0 nioxo0y OAsL OMPUMAHHS
Ppe3yaomytouux PieHAH> YUIAbHEHHA NPYICHONIAACMUMHO20 Cepedosutiya
noxasanu wasx nodyooeu meopii nAACMUMHOCMI MIAA, WO YWLTLHIOEMb-
C, NPU AKOMY BUKTIOUAEMBCA HEOO0XIOHICMb 8paxyeanns eudy noeepx-
Hi Hasanmascenns. Ilpu 007Ky no6epxHi HABAHMANCEHHA HEMONCTUBO
OMPUMAHHS YHIBEPCATLHUX PIBHAHD 3 YWITbHEHHS NOPUCHO20 NPYHCHON-
aacmuunozo cepedosuma. Iloxazano, wo 01 3acMOCY8aHH KAACUUHOZ0
popmymosants mooesi NPYICHONIACMUUHOZ0 MiAQ, WO YWITbHIOEMbC,
1e00Xi0Nno 8eajcamu, wo NOBePXHA HABAHMAINCEHH ONYKAA-3AMKHYMA

Knouosi crrosa: nogepxus nasanmaicenms, nopucme mijio, pe3yiomyio-
ui PieHANNA, 3A1130-14ABYH-CKI0, WEUOKicmb depopmauii, ineapianm men-
30pa, izomponnuil mamepian
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1. Introduction

A consistent phenomenological description of the pro-
cesses of formation of powders and porous bodies of the elas-
tic-plastic medium as the most important element eliminates
the choice of governing or rheological equations. For sinter-
ing and hot pressing, thanks to the works [1, 2], some clarity
in understanding of this issue has been achieved, while for

cold molding processes characterized by plastic flow, there
is no consensus about the type of governing equations. In
this regard, the formation of general restrictions imposed on
such equations, based on the current concepts of irreversible
thermodynamics and continuum mechanics, is relevant. In
this case, an approach to constructing a theory of plasticity
should be used, based on setting the properties of the dissi-
pative function [3-6].




