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Abstract. A microstructural model of surface layer of mae&hialements from a nonuniform
material is developed. With using of this modelatécalation scheme that includes basic structural
elements is created. Each element is charactebyethe following properties: density, elastic
modulus, thermal conductivity, linear expansionffioent and Poisson's ratio. A mathematical
model of surface layer of machine elements fronmteied nonuniform material is formulated on
the basis of solution of two-dimensional heat-catidun and elasticity problems by the finite-
element method. The created algorithms for solubiotmnese problems are used for formation of an
automated system for thermal-strength calculatidihgs system is surrounded with some original
techniques which provide the investigation of theess-strain state of surface layer of machine
elements from a sintered nonuniform material.

I ntroduction

The machine elements from a sintered nonuniformenadt (SNM) with high and stable
operational characteristics have particular impurta for general engineering. However, the
creation of effective technologies of machining awgkration of these details is hindered by
imperfect understanding of mechanical processelifficult structure material under technological
and operational loads [1 — 3]. The results of itigasion of the stress-strain state can considgrabl
add this knowledge and to increase reliability aicimne elements [4 — 5]. The decision of this
problem complicates imperfection of methods forestigation of the stress-strain state of surface
layer of machine elements with taking into accosimticture heterogeneity and dependence of
structural elements properties from temperature.

The goal of this work is to create the method @EBstigation of the stress-strain state of surface
layer of machine elements from a SNM on the basithe constructed microstructural and
mathematical models. The decision of the formulageal is based on the system of representations
formulated and tested in papers [6 — 8].

Microstructura model

The geometrical parameters of machine elements,nthen properties of SNM and the
manufacturing and operating conditions form the nmastress-strain state of the details. The
microgeometry and the structure of the machine efgmsurface which are characterized by: (1)
the grains size and shape, (2) the thickness ahtkegranular phase, (3) the state of the integac
between the grains, (4) the size and shape defecthe properties of the structure elements of
SNM produce the local stress fields. These streasesvery dangerous for machine elements
because they are formed on interface of differérisps each of which has its own density, elastic
modulus, Poisson's ratio, linear expansion coeffiithermal conductivity and specific heat. The
adverse combination of these properties leads peapof technological and operational defects
occurred on these interfaces. These defects anematated in the surface layer of machine
elements for some period and they lead to we&apping or destruction of details. Therefore, the



prevention of appearance of technological and djpex@ defects is the main aspect in decision of
the problem of reliability increase of details frensNM and so finally we should learn to minimize
the microstress in this material.

The approach of the isolation of a repeating eldargnfragment of the SNM surface layer
consisting of its basic elements is used [6]. Itigasion of different SNM structures indicates that
they consist of a set of closely packed grainsasiddand strengthening phases of arbitrary shape
between which the intergranular phase is distribirea relatively uniform manner (Fig. 1, a). Of
course, pores and cracks are also elements ofsteadture but their account complicates the
mathematical model very much. Therefore, we asdiiatethe machine elements consist of defect-
free SNM. Thus, the isolated surface fragment donstthe following basic components: grain 1;
intergranular phase 2; and matrix 3 (Fig. 1, b)sd&ech shows that an ellipsoid may be adopted as
the equivalent configuration of the grains.
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The calculation scheme is created on the basih@fnticrostructural model (Fig. 1, c). It
includes a single ellipsoidal grain (semiax@sand b), which is attached to the matrix by an
intergranular phase (thicknesg.Point forced=; andF; (inclined atp; andp, to they axis) and
heat fluxesQi, Q. andQs act at arbitrary points on the external contougm@in, intergrain phase
and matrix. The convective heat losses are takienaiccount with heat-transfer coefficienigjh=
1, 2, 3) at sections of the contour with no heaxk.flvalues of the grain size in the calculation
scheme are specified on the basis of metallogragiiia. All the components in the calculation
scheme are characterized by their density, elastidulus, thermal conductivity, specific heat,
linear expansion coefficient and Poisson's ratio.

M athematical mode

A mathematical model of the stress-strain statsusface layer of machine elements from a
SNM is produced on the basis of solution of two-gisional heat-conduction and elasticity
problems by the finite-element method [7]. The duling assumptions are made: (1) a plane
problem is considered, (2) there is no plastic ae#dion, (3) SNM surface layer doesn’t have any
defects.

Isotropic plate (thicknesd) in the rectangular coordinate system ¥} is considered. The
corresponding nonsteady heat-conduction equatla@sttdne form

)\(T)[asz(t) + asz(t)J B AL O
ox oy __ ot , 1)
whereT(t) is the temperaturey(T) is the thermal conductivityj is the densityg(T) is the specific
heat;t is the time.

Neglecting the second term in Eq. (1), we obtam steady heat-conduction equation, which
must satisfy four types of boundary conditionshat plate contour.

(1) If the temperature is known at some plate bampdhe boundary condition takes the form

T(t) = T«(s), 2)
wheresis the coordinate of the boundary points.




(2) If convective heat transfer occurs at the baupdgheat-transfer coefficieh), the boundary
condition takes the form

A (‘)T(t)h( ¥ aT(t)lyJ +h[T(t)-Tw]=0
X dy , 3)
whereT,, is the ambient temperatut&;= sino andly = cos: are directional cosines (Fig. 2a).

(3) If heat fluxQ is specified at the boundary, the boundary corndlitaikes the form
)\(T)(aT(t)IX +6T(t)|yJ+Q =0

Ox ay (4)
(4) If the boundary is heat-insulating, the bougdaimdition takes the form
oT(t) |+ oT(t) 1y =0
ox ay (5)

Entry conditions at the decision of the equationarfisteady heat conductivity take the form

t(x,y,0)=0

The plane elasticity theory problem takes the form

811=(llji €20 =} 812=@+@

ox oy dy 0x, (6)
whereess, €22, ande;, are the linear and angular strainsy are the displacements along thandy
axes, respectively.

The plane stress state may be described in the form

cin=E(M /(1) [eun+ven—(1+v)aT] (Le 2), (7)

C12 = [E(T) /2 (1 +V)] €12, (8)
where o113, 622, and 2 are the normal and tangential stresdeds the elastic modulusy is
Poisson’s ratiog is the temperature coefficient of linear expansion

The algorithms for solution of the steady and nemdy thermoelasticity problems are
developed for the considered model. The algoritlom Solution of the steady thermoelasticity
problem consists of two stages: (1) solution of leat-conduction problem and determination of
the plate temperature field for the current heax fQr; (2) determination of the plate stress state
under the action of point forces and the steady&raturel+(x, y) at the current heat flu@r. The
algorithm for solution of the nonsteady thermoetdst problem also includes two stages: (1)
solution of the heat-conduction problem for tith@nd determination of the plate temperature field;
(2) determination of the plate stress state urtteattion of point forces and the steady tempezatur
Tt(x, v, t) at specified heat flug.

Automated system of ther mal-strength calculations

The microstructural and mathematical models andratgns are used to create an automated
system of thermal-strength calculations for simngastress-strain state of surface layer of machine
elements from a SNM [8|. The system consists daetlfunctional subsystems and an operative
database. In the preprocessor, a calculation syateima set of finite elements are formed; initial
data are introduced and diagnosed; auxiliary catmrs are performed; graphical documentation
from the initial data is prepared. In the processbe steady and nonsteady thermoelasticity
problems are solved. The results are transformethenpostprocessor, which also prepares the
graphical documentation from the results. The @mistlata set corresponds to the database of
mechanical and thermophysical properties of refirgatompounds. Data on the construction, load,
and methodological parameters form the initial dataeach problem. The characteristics required
for automatic generation of finite elements are &smulated.

Traditional finite-element methods are used to ldsta the reliability of the algorithms and
verify the accuracy of the calculations: (1) thensyetry principle is verified (Fig. 2), (2) the
reactions in the supports (fixed points) are aredyz3) the temperature at the fixed point is
analyzed by solving the steady and nonsteady lwatuction problems, (4) the influence of the
finite elements selected on the accuracy of theutations is considered. All the iterative processe



are found to converge and an error of the puttimglgorithmse = 10° is obtained after 10 — 12
iterations.
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Fig. 2. Stress intensity,(c, d ) and temperaturd) fields in TiC (grain) — MgO (intergrain phase) —
SN, (matrix) plate under the action of point forégs= F, = 0.003 N &), heat fluxe$); = Q> = Qs

=7-10 W/n? (b, ¢) and the complex external loadiRg=F, = 0.003 N:Q; = Q, = Q; =7-1 W/m?* (d)

This system is surrounded with some original teghes. For example, a method of control
points which has allowed to compare the calculati@sults to investigate structural concentrators
of stresses in surface layer of machine elemeats & SNM is developed.

Conclusion

1. Microstructural model of surface layer of maeh@lements from a SNM is developed on the
basis of repeating elementary fragment which ireladl the structural elements which are
characterized by their density, elastic modulustrttal conductivity, specific heat, linear expansion
coefficient, and Poisson's ratio. The calculatiohesne is created on the basis of microstructural
model.

2. Mathematical model of surface layer of machileenents from a SNM is constructed on the
basis of the solution of two-dimensional heat-cartiden and elasticity problems by the finite-
element method.

3. The proposed automated system for thermal-dtiesgjculations of surface layer of machine
elements from a SNM permits the simulation of tlress-strain state under the action of external
loads with allowance for the material structureniduical experiments show the reliability of the
proposed algorithms and the high precision.
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