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THE INVESTIGATION OF PROCESS CONTACT
DEFORMATION OF SINTERED PM CYLINDERS

The work concerns to the investigation of the elastic problem of surface contact deformation of two cylinders,
from which one is made from Sintered Powder Materials (PM). It is considered that the substance of PM is homogeneous,
isotropic and the pores are distributed uniformly. The solution of the problem is realized on the foundation of real
mechanical properties of PM and the surface contact theory of H. Hertz. For strength problem solving of PM the conception
of equivalent stress for porous material is used. The calculated data show that in case of taking into account a very important
factor for PM hydrostatic pressure the place of dangerous point is changed: from inside of usual (pore-free) material to
surface for PM.

Keywords: contact deformation, sintered material, strength, design stress, hydrostatic pressure, real mechanical
properties.

It is well known that through the methods of Powder Metallurgy sintered materials and
machine parts with high physico-mechanical and exploitational properties are obtained. For strength
problem solving of PM first of all we must know the complete information about following
mechanical properties [1]: Young's, shear and bulk moduli, as well as Poisson's ratio, which depend
on relative density of material y=p/p, , where p,p, are densities of porous and pore-free

materials. Then we get the components of stress-strain state of part of machine and use the
corresponding strength conditions. The elastic contact deformation process of cylinders from usual
material is quite well known: in plane strain case the H. Hertz formulae [2] are used. It is shown in [3]
that one can use for fatique problem solving of PM Hertzian pressure and components of stress state.
Accordingly the dangerous point is inside the material and high hydrostatic pressure in case of contact
deformation does not play any role. It seems to us that strength problem of contact deformation
process of PM is different from the usual material. Therefore, the present work was initiated to solve
the problem of contact deformation process of PM cylinders.

The elastic deformation process of two cylinder contacts is examined. One of cylinders was
manufactured from usual material, the other - PM with initial porosityv,. To define PM cylinder

mechanical properties, we use the following formulae [1]:

E, =Ey(1-v)*", ty = (1= ) (1=v) 10 -1, (1)
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where E,, E, and u,, 4, are Young's modulus and Poisson's ratio of porous material and
substance of PM cylinder.
If E,= 211.6kn/ mm?, Ho =0.288[1] and initial porosity of material v, are known

from formulae (1), we may define values £, and u,. For example, if v, =0.1 we get

E, =147.9kn/ mm?*, u, = 0.266 andif v, = 0.2 we get E, =99.1kn/ mm* , n, =0.243.

For definition distribution of stresses at axis oz in case of plane strain condition (&;; =0)
the following formulae are used [2]:

G =24, po (1 + <§)2)°‘5 —g), @)
Gy = —po((1+ 2(%)2)/0 + <§)2)°~5 - 2%), 3)
O3y = —po (1 + (%)2)”, 4)

whereo,,0,,,073; are stresses at direction x,y,z (Fig. 1), p, is maximum pressure on the area
of contact (if y=0), b is half of contact area width:
Po = 0.418Q2¢E,Ey (R, + Ry) /(R Ry (R, + R,))™, )
b =1.075(qR Ry (E, + Ey) [(E\ Ey (R, + Ry))™, (6)
q is load at unity length of contact area.
If the values of q, characteristics of materials v, £, E,, i, and radii of R;,R, are known,

from formulae (1) — (6), we may define values of p,b,0,,,0,, and o33, which allow us to
determine the effective o; and average or hydrostatic o, stresses
2 2 21105
0; =(0.5((011 —02)" +(02 —033)" + (033 —0711)7)) 7, (7)
0y =(0); +0y +033)/3. (®)
They play a very important role for the process of plastic deformation and strength analysis of porous

material.
It is convenient to introduce the problem solving by dimensionless values. So, the following

denotations o11 = o411/ Pos oo = o0 1 Py, o3 = o33/ Po, o/ = ol py 6o =0,/p, are given. For
strength problem solving of sintered PM the conception of equivalent stress for porous material G

is used [4], taking into account initial porosity of material v, , effective o, and average o, stresses.
The
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formulae for the definition of dimensionless design stress value c4= 0 o and limit conditions are

[+

introduced as follows:

ci=0,1py=(0: +9,"c0")" /By =0,/ p,, ©)

where o, —yield stress , m and 7 - parameters of real porosity of sintered PM, « and S, are the

values of o and 8 porosity functions in case of initial porosity of material is v, [4].

Different formulae for definition of values of ¢« and f3, are known. Very simple functions

of porosity are given in [5]:
o, =vy, By =1-v,. (10)
In [5] for different initial porosity sintered steel, which contains the components Ni(4%),

Cu(1.5%) and Mo(0.5%) in case of using the formulae (10), the main values of m and n parameters
are determined equal tom = 1.1 and n = 1.4.

For usual materialv, =0; u=0.3; a, =0; 8, =1 and from formula (9) we obtained
o4 =0i.
The dimensionless calculated values of stress state components g[j , effective g[ , average
oo and design o4 stresses for usual (vo=0; n=0.3) and porous
(vy=0.1; p, =0.266; v, =0.2; pn, =0.243and m=1.1; n=1.4 ) material are given in Table.
The components of stress state EU , values of o, and o alteration sheets at axis oz in case

of v, =0.1 are shown in Fig. 1.
Table
Values of stress state components for different vy of PM (m=1.1,n=1.4)

vo = 0.1, = 0.266 v =02,u1, = 0243

z _ _ Yo=0p=03 o™ =0.08,p™0 =0.8 o™ =0.17,8"%° = 0.65

b T e [ o | —on | o0 | o | 54 | —on| o0 | @i | oa
o4

0 1.00 1.00 10.60 | 0.87 | 0.40 | 0.53 | 0.84 | 046 | 1.04 | 0.49 | 0.83 | 0.51 | 1.8
0.2 0.66 0.9810.49 ( 0.71 | 0.42 | 0.44 | 0.69 | 047 | 092 | 0.40 | 0.68 | 0.50 | 1.5

0.4 0.43 0.9310.41 | 0.58 | 0.51 0.36 | 0.57 | 0.54 | 0.88 | 0.33 | 0.56 | 0.56 | 1.4
0.6 0.27 0.86 10.34 | 0.49 | 0.55 | 0.30 | 0.48 | 0.57 | 0.86 | 0.27 | 0.47 | 0.59 | 1.3
0.8 0.19 0.7910.29 | 042 | 056 | 0.26 | 0.41 | 0.56 | 0.81 | 0.24 | 0.41 | 0.58 | 1.2
1.0 0.13 0.7110.25 | 0.36 | 0.53 | 0.22 | 0.35 | 0.54 | 0.75 | 0.20 | 0.35 [ 0.55 | 1.1
1.2 0.09 0.6410.22 { 0.32 | 0.50 | 0.19 | 0.31 | 0.51 | 0.70 | 0.18 | 0.30 | 0.51 | 1.0
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Fig. 1. The sheets of component alteration

of elastic stress state o ;;,0,and oo at axis

oz in case of v, = 0.1

The calculated data of Table and
Fig.1 show that the components of o ; and

oo quickly decrease at axis oz. The

effective stress o; in the zone z/b = 0.8 is
maximum, that is why dangerous point for
usual material is present.

In case of PM the values of
Poisson’s ratio 1t , absolute values of the first

principal | 011 |and average | oo | stresses,
as compared with the wusual material
decrease, while the values of effective stress

g[ increase.

The design stress alteration sheets at
axis oz for different initial porosity of
material are shown in Fig. 2. Since the
maximum design stress (o q)™" acts in the
dangerous points of material, we may define
the places of dangerous points and their
values (oq)™" (Fig. 3). For usual material

Vo, = O0(curve 1) the internal point a is

dangerous, where (ggz)lmaX =0.56 . For porous materials vy, =0.1 (2 ) and vy; =0.2 (3) the

external points b and ¢ , where (Ed)zmaX =1.036 and (gd);mx =1.76 correspondingly are

dangerous.

Thus, for PM the dangerous point from inside (if v, = 0) moves on the surface of material,

where the maximum contact pressure p, acts. The comparison of curves in Fig.2 show that for high

porosity material the maximum design stress becomes greater. It is the result of the high hydrostatic
pressure and functions of porosity o and 3. Consequently, for high porosity materials the values

p, in accordance with (9) will be less.
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Q.L. 16SrNusuy, 1. fUSU

ONTEL3NPEEPS GRUYULYUO G@LULLE P UNLSUUSU3PL
16EHNLUUSUUL ANMOCLEeUSLE P 26SULNSNhUL

Zhnwgqnunjus ko Gpnt quubtbph Yntunwlunuht gidnpdugdwi juinhpubpp, npnughg
Ubp yquunpuunguws b kpufujuws thnpkiymphg (OU): Gupunpymd E np @U-h hhdbwiynipn
hwdwutn L, hgqnuipny b Swlnwnhubpp puppuduws  bu  hwwuwpwsw: ungph (nwsnudp
hpujuwiwgdnd £ ®U-h hpwlwb dkjuwthfjuljut hwwnlnpnibtbph b 2. ZEkpgh qubught
dwltpnypubph Yntnwlunuhtt mbunipjutt hhdwb Jpu: ®U-h wdpmpjut juunhptbp pudkn
hwdwp oquuugnpdyl] Lt dwlnunykt Wmpbtph hwdwp hwdwpdbpughtt jwpdwit qunutwpp:
ZwpJupluyhtt wdjuykpp gnyg G wdbk, np wyt ghypnud, tpp hwpyh Eup wntnd @U-h hwdwp
owwn Juplnp gopént' hhppnuwnwwnhly duyndp, Wniph yuwbquynp Yenh ghppp thopaynud
utkpuhg (unynpufuh yniph hwdwp) minuhnpudnd £ giyh dwljtplnypp (PU-h hudwp):

IJI. IETPOCSH, I1. BAUC

NCCIEIOBAHUE ITPOIIECCOB KOHTAKTHOI'O IEGOPMUPOBAHUA
CIIEYEHHBIX ITOPOITKOBBIX ITNJINHAPOB

ITpoBemeno wucciemoBaHMe 337a4 KOHTAKTHOTO HeGOpPMUPOBAHMA [ABYX LMIHMHAPOB, OJUH U3
KOTOPBIX M3TOTOBJIEH M3 CII€YeHHBIX IOpouKoBbix Marepuanos (IIM). IIpunumaercs, uro Bemecrso ITM
OJHOPOJHOE, M30TPONHOe M IOPHI paclpefiesleHsl paBHOMEpHO. PemeHume 3azaum ocymecTBageTcs Ha
OCHOBAHMM PealbHBIX MeXaHWYeCKuX xapakTepucTuk IIM ¥ KOHTaKTHONW TeOPHMHM IIWJIMHJPUYECKHX
moBepxHocTeil l'epra. Bogurca moHATHME SKBUBaJIEHTHOTO HANPKEHHUA JJIA TOPHCTBIX MAaTepHasoB.
PacyerHsle pmaHHBIE IIOKA3BIBAIOT, YTO B Ciydae, KOTJA YUMTHIBAETCA THUAPOCTATHYECKOe IaBJIeHUe,
M3MEHAeTCS TOJIOXKEeHHe OIIACHOM TOYKM MaTepHuasa: M3HyTPH IS OOBIYHBIX MaTePHaIOB IepeMenaeTcsa Ha
TTOBEpPXHOCTH Ay ITM.
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