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Stresses and Strains of Wood in the Drying Process

Developed metods of synthesis and analysis of stressed-strained state of wood in
drying process with taking account of its rheological behaviour, which allowed to set and
quantitatively to describe influence conformities of gigroscopic moisture, its gradient and
form of connection with material, structural anisotroption, geometrical dimensions and
density on distribution of viscous-elastic and residual strains for falling and constant spe-
eds of wood drying with constant speeds of wood drying with constant and changeable po-
tentials of mass heat transfer.
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Introduction

For rational directing of wood drying process provided with necessary qua-
lity indexes is an important problem to make physical-mathematical model of rhe-
ological state of wood taking into account mechanism of regenerating strains in ti-
me, and also to develop methods of synthesis and analysis of strain relaxational
processes in these materials taking into account changeable potentials of mass heat
transfer, interrelation between stresses and parameters of external and internal
mass heat transfer, anisotroption of properties, structure transformations. Limitati-
on of these researches is one of the basic suppressing factors for rational choice
and basing of technological regime of wood drying processes with simultaneous
improving of its mechanical properties.

Thermodynamical approach and mathematical model

In base of synthesis and analysis of offered physical-mathematical model
of strains and stresses development in technological wood drying processes is laid
methodology of system-structural approach, that stipulated basing of parameters
choice of phenomenological model description and setting of suitable heat, mass,
energy and impulse laws. On base of thermodinamical analysis was described
structure of relations, set mutual influense of different phenomena and factors spe-
cifically creeping processes, relaxation and shrinkage on deformation of arboreal
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materials. There was described generaliged function of free energy (thermodyna-
mical potential of researching system), as material state function with changeable
potentials of mass heat transfer, that determines by components of summary (elas-
tic, viscous-elastic and residual) strains tensors or stresses, chemical potential or
moisture content and temperature T, and entropys. State function is expressed thro-
ugh invariants from determining parameters, specifically strains tensors.

There was synthesized physical-mathematical model of strain-relaxational
processes in wood during process in general case directed in form of diffrential eq-
uations system [1, 2]: balance and motion equations
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For enclosing of equation system (1)-(7) were used conditions of strains
compatibility, kinematical equations of mass heat transfer potentials, and also initi-
al and boundary conditions which are typical for different drying process stages.

Was obtained equations system (1)-(7) which allows to describe temperature-
moisture and stress-strained fields in wood drying process with taking into account
viscous-elastic properties of material and strains regeneration mechanism in time.

On basis of relation setting between balance equations (2)-(4) and generali-
zed law of Hooke for viscous-elastic materials was obtained law of rheological wo-
od behaviour with changeable temperature-moisture fields as viscous-elastic materi-
al, for which transformation in time one kind of strains into another is typical Inas-
much for determination of characteristics of rheological wood behaviour in suitable
change diapasons « and 7 were developed methods of experimental research on cre-
eping and relaxation with use of integral functions (creeping and relaxation nucleus),
then rheological regularity of wood straining can be given in form (8).
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Offered rheological equation (8) was endorsed by experimental results for
cases of creeping and reverse creeping strains for different levels of temperature
and moisture.

Experimental researches of rheological wood properties

Taking into account experimental researches refering to studies of stress-
strained wood state in drying process, were determined tasks of rheological rese-
arches: to inquire into rheological behaviour of wood on creeping, relaxation and
reverse creeping with taking into account anisotroption in range of change of mois-
ture (8 %, 15 %, 20 % Wrr) and temperature (200 C, 40°C, 80°C, 95° C); to set re-
gularities of development of elastic, viscous-elastic and residual strains and to
describe quantitively function of creeping and relaxation, which are necessary for
computation of stress-strained state of drying wood; to substantiate application of
speed up methods of temporal analogies, which allow by results of short-time rese-
arches to forecast rheological properties of wood along fibres for long-time term.
Each experiment was carried out on separately taken sample of ping-tree, fir-tree,
birch and oak for constant loading tension and compression, that does not exceed
limits of long-time resistance.

Results of experimental senses of creeping function y (7, w, t=20 °C) of
pine-wood for tangential direction of deformation directed in table 1, where
w(t=0)=E, ", y(t=w)=E,"; E,,E;—momentary and continuous modulus of elasti-
city, ¢;—characteristic, that allows to estimate degree of wood creeping.

On analysis base of experimental data of strains creeping, obtained for
constant and changeable senses of moisture content and temperature, was studied
strains mechanism and displayed different types of interaction of given above fac-
tors on wood deformation[34]. Considerable growth of strains components of ex-
perimental wood species irrespective of loading method is observed with augmen-
tation of moisture from 8 % to Wrr. Further change of strain ¢ changes insignifi-
cantly, that qualitively agree with experimental data for elastic component. Aug-
mentation of viscous-elastic and residual components caused by acceleration of ki-
netic energy disipation at the expence of intermolecular interactions of lignin and
cellulose molecules in wood and by their conformation changes. For wood with
moisture W>W, dependently on temperature change is observed a insignificant
distinction between sense of strains of creeping and revers creeping in radial and
tangential directions is obsreved an influence of initial moisture content of material
on full strain and its components.

Creeping of strains of moisture samples under loading is greater that visco-
us-elastic component in unloading process, that is during loading goes accumulati-
on of residual strain, which is absent in elastic loading regime. Was set, that elastic
and viscous-elastic components of strain for tension across fibers do not depend on
initial loading, and its augmentation causes strains augmentation, in the same time
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when decrease of temperature for creeping process does lead to essential change of
strains. Were set dependencies of elastic characteristics (Young's modulus and Po-
isson coefficient) of pine-wood for orthotropic scheme of anisotroption dependent
on temperature and moisture changes.

Table 1. Deformation indexes of pine-wood

¥.10" MPa time of deformation 1+10°, W’ — tension, y” — compression
0.05 | 12 24 36 48 60 78 90 120
v | W=8%|1.07 [ 1.21 | 1.33 [ 1.43 | 1.50 | 1.54 | 1.58 1.63 1.68
\ 1.04 | 1.22 | 1.32 | 1.40 | 1.53 | 1.56 | 1.60 1.62 1.69
Q 419 | 478 | 517 | 561 | 599 | 612 | 619 639 662
vy [W=15%]092 | 1.09 | 1.21 [ 1.34 | 140 | 144 | 147 1.50 1.52
vy’ 097 | 1.07 | 1.26 | 1.36 | 142 | 1.44 | 1.46 1.50 1.54
Q 346 | 378 | 432 | 483 | 503 | 510 | 520 533 545
vy |[W=20%| 0.86 | 1.05 | 1.18 | 1.27 | 1.36 | 1.37 | 1.40 1.42 1.43
vy’ 085 | 1.06 | 1.19 | 1.28 | 1.34 | 1.36 | 1.39 1.43 1.43
[0) 266 | 333 | 372 | 401 | 420 | 426 435 448 448
vy | W=Wrr | 0.64 | 0.82 | 093 | 099 | 1.03 | 1.06 | 1.06 1.07 1.07
\ 0.64 | 0.81 | 093 | 1.01 | 1.03 | 1.05 1.05 1.06 1.08
[0) 167 | 212 | 242 | 259 | 268 | 272 273 275 280
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Were set regularities of temperature and moisture influence on important
index of rheological wood behaviour, as time of anisotroption dependent on tempe-
rature and moisture changes.

Were set regularities of temperature and moisture influence on imporntant
index of theological wood behaviour, as time of relaxation z,(w,t). Is observed that

moisture change influences more essentially on z,(w,t) for wood straining along
fibres. Specifically, for pine-wood (t=20 °C), moisture from 20 % to 10 % stipula-
tes decreasing z,(w,t) almost in 42 times. For tangential direction for the same con-
dition 7p(w,t) decreases in 2,5 times. Temperature growth causes decreasing of
7p(w,t). However speed of 7, falling with t growth is smaller than speed of change
7p(w,t) dependently on w. By measuring results in identical temperature-moistural
conditions was obtained a dependency z,(w,t)=A(t)exp(-BW), and coefficient A, B

determined for each wood spice.

Results of strains researches of creeping and reverse creeping of wood ac-
ross fibres allowed to build necessary for synthetis and analysis of stress-strained
lumber state (8) of creeping functions with taking into account accumulation of re-
sidual strains:

Ki(z-75U,t) =y, + g:ak exp(-oy (t-7')); Kz(f—T';U,t):ﬁexp(—L(r—ri' )) O
k=1
Was developed an algorithm of determining parameters o, ay, 0, B and
substantiated a choice of their amount from minimum of quadratic deviation of
approximation of experimental curves &(t,w,z). Application of more complicated
function of creeping because of high changeability of strain properties of wood es-
sentially complicates mathematical apparatus and it unconvenient for practice.
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For research of rheological behaviour of wood along fibres and generaliza-
tion of existing experimental data was offered an approach with use of fixed scale
function, which provide invariance of strain process concerning temperature and
moisture changes. Were built generalized curves of creeping for researched species
of wood in half-logarithmical coordinates (e,Inz) and determined scale function In a
(t,w), that characterizes creeping curves dependency on generalized, directed for
base senses of temperature t;=40° and moisture W,=8 %. Was set that function is
unlinear for each from arguments and is stipulated by their mutual influence. In ge-
neral case In a(t,w) is described by polynomial and coefficients are determined by
method of minimum squares.

On base of observed peculiarities of wood straining along fibres for diffe-
rent temperature and moisture senses was offered rheological equation

n
e(r)=¢0 (o‘,t,W)+ﬁZbi(lfexp(f alt, W)/zo).- (10)
i=1
Were set spectrums of relaxation times and function a(t,w). Specifically, for t=40°C:

b InS0(1—(E1(Wo )/Ey (Wo )
n50(1—-(E1(W)/Ey (W)

a(W)=(Wo /W) 701 = 7p(Wo ) Wo /W)* (1)

Senses of coefficient b for different species of wood and method of loading
are directed in table 2.

Table 2. Senses of coefficients b for determining of relaxation time
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pine-tree fir-tree birch oak
5 compression 0.63 0.51 0.42 0.7
tension 4.73 4.3 3.85 4.8

Computation of flat stress-strained state of wood in drying process

With use of elastic theory methods was researched flat (two-dimensional)
stress-strained wood state in drying process with taking into account anisotroption
of mechanical and heat physical properties, stipulated by structural construction of
wood [5,6]. Was considered an orthotropic plate of wood, which in two mutual
perpendicular direction is characterized by anisotroption of mechanical and mois-
ture properties, and a plane of orthotroption coincides with co-ordinates system
planes, beginning of which is situated in the center of transversal section (fig. 1).

Task of determining of moisture stresses in drying wood by integration of
equilibrum equations (1) turns into decision of differential equation with boundary
conditions:
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Fig. 1. Scheme of task organization of determining of stress-strained state of drying wood
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VF=-092(8,4U)/ax2 -2 (B, 4U)/oy? , (12)
V=ELo* fox* + (03] — 2vyy By J0* fox20y? + Byt foy* 5

ox =0, X=4l =L /250, =0, Y=tl =Ly /23

ﬁy =[(ﬁyo _ﬁxo)\ (XZ +}’2 )/(1]2 +1% )*ﬂxo)(30_w)/30; Bx =bBxo (30_W)/30;

Bxo(W.1), Byo(W,t) — tangential and radial coefficients of shrinkage, 4U=U"-U(x,y,7)
— function of change of hygroscopic moisture content. For U>U was taken 4U=0,
that accords with lack of shrinkage in moisture zone. Because change of inflexibi-
lity in wood starts from 25...30 % then U” =0.25.

Function of stresses F is related with components of stresses by formulae

oy =9°F/3y? ;0 =0%F/ax? ; 1,y =9 F/oxdy . (13)

Numerical decision was obtained with use of conjugate with distribution of

temperature-moisture field designed function ¢, that provide a minimum of poten-

tial energy of drying wood by dint of determination of unknown coefficients a and
k from fixed system of equations

33,
>3 (Tpe oo ik = [-92(8, 4U) 0x2 02 (B, 4U) [y ), (14)
ik

where (4¢,¢) and right part (14) are scalar. Residual strains, stipulated by depen-
dence between modules of elasticity Ex, Ey, vy, and moisture (effect of regenerati-
on) are defined for formulas:

Oxsar =0x ~Oxmax /33 O-y33a=o_y_o—ymax/3~ (15)
Numerical decision of written in criterional form of mass heat transfer eq-
uations (2),(3) and boundary conditions was obtained by intheratical locally one-

dimentional method. On fig.2 and 3 are presented the modeling results of stress-
strained state of drying wood.
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Fig. 2. Distribution of tangential stresses Ty, G: y=2; |;=4 cm; [L=8 cm, 1 — Fy=2.47; 2-
Fp=3,63; 3 — Fy=4,02; 4 — Fy=6,32; 1,=84 C; ¢=0,62; 0=22,5 Wm(f|/12t),' ,B=3‘10'6 mle;
Bo=71%; B34 % p~460 xg/n’
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Fig.3. Change of normal stresses o,: 1 — 1, Fig1; 2—2, Fig2; 3—6,4— 7, 1,=84C;
0=0,62; a=22,5 Wm(n'0); B=310° s/c; Bo=7,1 %; Bo=3,01 %; py=460 xg/r’

On basis of offered single approach was solved practically important for
wood drying process class of task of stress-strained state determining. Was set a
distribution of moisture and residual strains for parabolic distribution AW=Ww ...
Was observed influence of distribution of properties and geometrical size of lum-
ber on normal and tangential stresses. Maximum senses normal stresses reach in
the medium layer of drying wood, and tangential-in undersurface zones, and on
the surface and in the center of the board they are insignificant.

Were found components of stresses for case, when initial moisture of lum-
ber is higher than transition moisture content in the first period (bound moisture
stands of from surface zones, and in central ~-W>Wm). Was obtained distribution
of tangential and normal stresses of zone of lumber in drying process, which essen-
tially depends on modulus of elasticity of wood along fibres. Was estimated influ-
ence on normal stress of BigHomenHs change of hygroscopic zone to board
thickness were found coefficients of stress intensivities on possible cracking surfa-
ce dependently on even and quadratic distribution of hygroscopic moisture. Was
observed influence of intensive drying (moisturing) on components of stresses, for
example, in shrinkage process of thin layer (veneer) glued on massive base.

Research of stress-strained wood state in drying process with taking into
account of viscous-elastic properties and peculiarities of strain regeneration in ti-
me. Developed methods of synthesis and analysis, which are formalized with the
aim of using of obtained experimental data of rheological wood behaviour allow
quantitively to set important in technology of wood drying regularities of distribu-
tion influence of hygroscopic moisture, its gradient, anisotroption of constant and
changeable coefficients and internal sources of mass heat transfer, geometrical size
of lumber on development of viscous-elastic and residual stresses in wood on dif-
ferent drying process stages.

Obtained dependences for determination of stress-strained state of drying
wood are represented in structural form [7,8]. For irregular drying process regime
we have:

op(X,Fo)=K"# ﬁ‘(U,X)(l/Z Klm(l+£K0PnLu(l/3—X2)—
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&Ko 1 Jin Viin

T
0'3(X,F0)=Kt’”ﬂ(U,X)I(BU(X,Fo)/az‘—aﬁ(z')/az')isl(U,t)Ko(T—T',U,t)dT' (16)
0 i=1
Developed methods of synthesis and analysis allowed to set regularities of
distribution of moistural and residual stresses in wood with constant and changeab-
le coefficients of mass heat transfer for period of falling velocity of drying. Were
considered cases of initial parabolic and cosinusoidal distribution of moisture con-
tent. For drying process of hardwood species moisture content in which can be
described by cosinusoidal law, stress-strained state determines by correlations [9]:

JB(Y,‘r):f(U,t)g(UO,Up,Bi)exp(—lz'zBiiF/(4Bi+7r2 )) 17
3(Y,7) =—(ex0(t/ Tpen ) /1T Bia) F(U.0)(Ug Uy B; )*
*(E(U.y-E T (U,t))/ET(U,t)Tpeﬂ (exp(h(rpen-Bia’))-1),
where f(U) =F(U,t)/(1+Bo U )B(U,1);
g(Ug,U,-B;)=4(Ug —Up)Bi(ircoler/2—1)/7t(7r2 +4Bi)
h(7pen-Bia’)=1/7pey —72a'Bi R2(4Bi +7r2).

Was observed influence of maximum stresses on cracking criterion. Ky, ac-
cepted as concerning gradient between local and mean moisture content and initial
moisture content [7]. For determining of maximum-admissible senses Ky, in case
of parabolic distribution of moisture content (regular regime) was obtained integral
equation

R ZO'maX(X,FO)(1+ﬂOU0)_

K(r—=7",U,t) K nd7 +K' =
({ ( JKrp 3 E(U,)U,B(UUK

At
- te—tm

Was learned stress-strained state of wood with taking into account deepe-
ning of moisture evaporation zone in period of falling drying velocity [10]. In con-
nection with complication of temperature-moistural fields determining was accep-
ted an assumption, that moisture content of moisture zone is constant, and in eva-
poration zone is equal to equilibrium sense. On base of analysis of results was sho-
wed presence of turners in stresses for different heat physical senses of deepening
zone of moisture evaporation, and also augmentation of size of compression stres-
ses for some senses of evaporation zone in dry region of wood plate (without ta-
king into account zone of tensional stresses).

On base of carried out researches were studied basic regularities of deve-
lopment of viscous-elastic and residual stresses in wood during drying process
with taking into account distribution of hygroscopic moisture, forms of moisture
connection with material, physical and mechanical characteristics, conventional
density (species) and geometrical size of lumber. Character of dynamics of residual

GuPn(i+ Tpen (- Tpen exp(r/ Tpen ). (18)
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stresses is stipulated by uneven development of moistural strains and creeping sta-
ins and reverse creeping dependently on forms of connection of moisture with ma-
terial, and velocity of their development for constant change of moisture content is
proportional to moisture gradient change. Peculiarity of forming of stresses in vis-
cous-elastic region of straining is displacement of spectrum of maximum senses on
lumber surfaces concerning maximum senses in central layers, caused by uneven
distribution of level-by-level moisture and by dependence of time of maximum
senses 7, reaching from relaxation time which for fixed senses of E, and E,, are

associated by correlation 7, (x):l,SSrg /Usmaxi/ — velocity of changing of moisture

strains. Augmentation of conventional density sense causes growth of maximum
stresses, especially on surface and in under surface lumber zones, and also retarda-
tion of velocity of stresses relaxation. Specifically, for parameters of drying agent
t, t,W % for wood with p =550 kg/m® 6(1=10) — 6(1=20), is 0.18 MPa to XL,=0,
and for p =450 kg/m’ analogic size is 1.37 MPa was set considerable influence of
structural anisotroption on stress-strained state of logs under action of uneven
distributed moisture. In this case unlike isotropic, where components of stresses
are insignificant, even distribution of moisture causes growth of stresses. Was
shown compressional character of radial stresses for r/R<0,53 (R-radius) and ten-
sional in under surface zones. Was observed change the sign of tangential stresses
(tensional character for R/r<0,42 and for central zone), if coefficient of shrinicage
in tangental direction is greater than in radial direction.

Connection of components of stressed-strained state of drying wood

with parameters of internal and external mass heat transfer

For quantitative description of connection was analyzed and described inte-
racting mass heat transfer flows on border of drying wood and moisture environ-
ment with taking into account behaviour peculiarities of bound moisture with ma-
terial. Was taken into account that process of mass heat transfer in drying wood si-
multaneously goes in liquid, airvaporous and hard phases. With aim of concretiza-
tion of thermodinamical components were made researches of them dependently
on hygroscopic moisture of material, its structural properties with following nor-
malization of sum of the flows, on general geometrical surface. Integral compo-
nents of surfaces are determined from equality of volumetric and surface heteroge-
neities component of surface skeleton is a constant, and component of surface of
liquid and gas-vaporous phases depend on moisture content of material.

Was synthesized model of connection of stress-strained state of drying wood
with parameters of external and internal mass heat transfer processes [12], and also
dependences of heat-physical and mechanical characteristics of material with para-
meters of moistural air allow to determine maximum senses of parameters of drying
agent directly at the expense of stresses, that do not exceed bound durability and
provide integrity of material. Were obtained engineering correlations for ¢ and
tochoice with taking into account constant and changeable coefficients of mass heat
transfer dependently on rheological properties of wood. Specifically, for parabolic
distribution of moisture content in wood (period of constant velocity of drying):
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For cosinusoidal distribution of moisture content in wood (period of fal-
ling-drying velocity) was set:

2 148
p=0018*iosHo Uost (20)
T Ve(1-3.1Int/ty)

o (X.Fo)(1+BoUg) (U, + (U ~ Uy Jeos X7/2)
Bj cos X77/2 - 2Bi/z [ 4BiFo J
exp| — 2

4Bi+ 72 4Bi+7
-1

+1|*

4(Ug - Up)(H(U,t)+K(U,l)

/lu(a OZUI( 1 1
* —pg— | — —— (Ug+(U,-U COSX”/ZJ
£o SNuu £0 pT( n ( b n) )

Was researched influence of parameters of moistural air on stress-strained
state of wood in drying process with taking into account mechanical-sorptional cre-
eping of material, caused by decreasing of moisture content in drying wood. Was
observed a greater deformation change of wood in case of growth of relative mois-
ture of air ¢ in compare of its decreasing. Influence of temperature of moistural
enviroment is more essential on development of residual strains and strains, caused
by wood shrinkage.

Due to researches results was developed a system of automatic regulation
of drying agent parameters with taking into account stress-strained state of wood.

Symbols: p — density; u — moving; T — time; U, U, Uy, Uy — moisture con-
tent: initial, equilibrium on surface, in the center; c— thermal capacity; 4,5,x— co-
efficients of mass heat transfer: Poisson, Lame, filtration, kinematic viscousity,
thermal conductions of dry wood; &, —criterion and heat of phase transition; K",
Ei, Gy —volumetric modulus of elasticity, modules of shift elasticity; R(t— 7', U, t),
K(t—1, U, 1), S, S; — functions of rheological behaviour (functions of relaxation,
creeping and functionals of relaxation times); §—temperature gradients; K;, Ko, P,,,
W, Fo, B;, Ry—criterions of Kirpichov, Kosovich, Posnov, Lykova, Fourier, Bio,
Rebinder; ¢, v,u—characteristic number; A, B—parameters of approximation; & —
Kronecker symbol.
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AHAJII3 OCHOBHUX CITIOCOBIB CYHIITHHSA
KATIIIPHOIIOPUCTHUX KOJIOITHUX MATEPIAJIIB
PosrasuyTo ¢i3udnHi ocobiauBocTi Ta eheKTUBHICTH KOHAYKTHBHOTO, pajianiiiHoro,

ENIEKTPUYHOTO Ta KOHBEKTHBHOTO CIIOCOOIB CYIIIHHS KaMISPHOMOPHCTHX KOJIOTTHIX Ma-
Tepiais.

Prof. P.V. Biley — USUFWT
Analysis of basic of colloid materials drying methods

Considered the physical peculiarities and effectiveness conduction, radiation, electric
and convection drying methods of colloid materials.

KamninsipHomopucTi KONOIAHI MaTepiaay OXOILTIOIOTh IIHPOKHHA CIEKTp pe-
YOBHH, B OCHOBHOMY, OPraHIYHOIO IOXOMXKeHHs. JlepeBHHa, ska BXOAUTH MO
IIbOTO KJIacy MaTepianiB, Mae CKIaIHy aHATOMiuHy OymoBy i (i3uKo-MexaHiuHi
BiactuBocTi. Oco0aMBicTh OYA0BH IEPEBUHH HOJATAE B TOMY, L0 IPH OYATKOBO-
My 3BOJIOKEHHI BOHA MA€ SIBHO BHpaKeHI KOJOIMHI BIACTUBOCTI, @ B MOJANBIIIii
TOJIIMOJIEKYJISIPHIH KOHJIEH ANl — BIACTHBOCTI KaMiJSIPHOIIOPUCTOTO Tija.

Ipouec BUAAJICHHS BOJIOTH 3 KallUIIPHOIIOPHCTUX KOJOINHUX MaTepialiB
CYIPOBOJIXKY€EThCS TIOPYLICHHSM ii 3B'SI3Ky 3 TiJIOM, Ha L0 MOTPiOHO BUTpayaTu
3HAYHY KiJbKicTh eHeprii. Tomy, kiacudikaiist ¢opm 3B's13Ky TiJl 3 BOJIOTOIO MO0Y-
JIOBaHa 3a MPHUHIMIIOM iHTEHCHBHOCTI IIOTO 3B'SI3KY. Y LIBOMY XX HalpsMKy IO-
LiJTBHO TMPOBECTH aHaNi3 e(eKTUBHOCTI Pi3HHUX CIIOCOOIB CyIIiHHS Ta X KOMOiHa-

102 CyuacHi TeopeTHYHi Po3podKH B 1epeBo0dPOGHOMY i MebIeBOMY BHPOOHHLTBAX

HaykoBuii BicHuk, 2002, Bun. 12.5

1iit. 3a 0COOIMBOCTIMH Tepesiadi Teria 10 BUCYIIYBaHOTO Marepiany chopMyIib-
OBaHO YOTHPU OCHOBHI CHOCOOM CYINiHHS: KOHIYKTHBHHH (KOHTaKTHUH), eJeK-
TPUYHMH, pajialiffiHuil (TEIUIOBMM BHIPOMIHIOBaHHSM) Ta KOHBeKTHBHHMI. Kox-
HU 3 IIUX CIOCOOIB MOXKHA PO3JIIUTH HA BUJU Ta MiJBUIM, AKAX HalOinblIe Mae
KOHBEKTHBHHN. MO>XIIHBa KOMOIHAIIiSI OKpeMUX CIOCO0IB, BUJIB Ta ITiABUMIIB, K-
10 OJHOYACHO BHKOPHCTOBYIOTBHCS Pi3Hi crocoOu mepenadi Teruia abo cymilma-
IOThCSI iHIII O3HAKHW. Y YUCTOMY BHJI Ha3BaHi BHILE OCHOBHI crlocoOu 3ycTpiua-
IOTBCSI PIJKO, YacTillle MepeBakaloyuM € TOW YM iHIIWHA MeTo] mepenadi Terua,
SIKUI JIOTIOBHIOEThCSI IHIIMM. TakuM 4MHOM, aHami3 e(peKTHBHOCTI CIOCcOOiB cy-
IIIHHS € aKTYaJIbHOIO 1 Pi3HOIIIIAHOBOIO 3a1advero.

KoHayKkTHBHe CymIiHHSI XapaKTepU3yeThCs Iepelauero Teria Ha Harpi-
BaHHS BOJIOTOTO Marepiaiy i BUMIApOBYBaHHS 3 HHOI'O BOJIOTU BiJ HArpiToi MOBEp-
xHi. KOHIYKTHBHHH CIIOCI6 CYIIiHHS IIMPOKO BUKOPUCTOBYETHCS B MIPOMKCIOBOC-
Ti JUId CYIIiHHA Harepy Ta iHIIMX TOHKUX JIMCTOBUX MarepianiB. OCHOBHUMH Ma-
pameTpaMu, sIKi BU3HAYaIOTh KiHETUKY MpOLeCcy KOHAYKTHBHOTO CYIIiHHS, € TeM-
nepatypa Ipilodoi IMOBepXHi, CTYIiHb NPUTHCKAHHS MaTepiany 10 Ipirodoi moBep-
XHi, TapaMeTpH OTOUYIOYOTO CEPEIOBHIIA.

OCHOBHUM TEXHOJOTiYHUM ITapaMeTpoM € TOBINWHa Marepiany. Ha3mawi
napaMeTpH BIUTMBAIOTH HE TIBKW Ha MIBHUAKICTH CYIIiHHS i Ha KPUTHYHMI BOJO-
TOBMICT, ajie i Ha TeXHOJIOTI4HI BIAaCTHUBOCTI Ta SIKICTh MaTepiaiy.

Temneparypa rpito4oi MOBepXHi € OCHOBHHM MapaMeTpoM, SIKM BILUTUBAE
Ha TPUBAJICTH KOHTAKTHOTO CYIIIHHS. 3 MiJBHUIICHHSIM TeMIepaTypH Ipiloyoi mo-
BEpXHI TPUBAIICTh CYLIIHHS Pi3KO CKOPOYYETHCsA. BIUIMB TemmepaTypu Tpitodoi
MOBEPXHI € ICTOTHUM MPOTATOM BCHOTO MPOILIECY CYIIiHHS, JIMIIE B KiHII MpoLecy
Hell BIUIUB 3MEHINYEThCS. TeMmepaTypa Ipilo4oi HMOBEepXHi BIUIMBA€ TaKOoX 1 Ha
SKICTh BHCYIIYBaHOrO MaTepiany. Ha TpuBamicTh TMpollecy BENUKHI BIUIUB Mae
TOBIIMHA MaTepiany. Hanpuknaza, 30inblieHHsT TOBIIUHY IMoHY Big 0.22 MM 110
0.44 MM Bene 10 30LNBIIEHHST TPUBAJIOCTI CYIIiHHS Maibke y TpH pa3u. Hacrymne
30iJIbIIIEHHS TOBLIMHH BeJie JI0 e GLIBIIOro 3pocTaHHs (Ha Ba-TPH MOPAAKH) 3a-
ranpHol TpuBaJocTi cymrinHg. Cuia IPUTHCKaHHS MaTepially A0 KOHTAKTYIOUOl
MOBEepXHi Ma€ He3HAYHMI BIUTMB Ha TEIUIO(i3UYHY CyTh MPOLECY, ajle 3HAYHOIO Mi-
poto BIUIMBae Ha (JOpMyBaHHS IMOBEPXHI MaTepiary i Horo 3arajibHy SKiCTb.

JInst mpakTHYHKUX PO3paxXyHKiB 3arajibHOT TPUBAJIOCTI KOHTAKTHOTO CYIIIiH-
HSI BUKOPHCTOBYIOTH [1] HabmmKeHy 3aJ1eXKHICTh:

w, 1
=20 " [1+231gxW,], 1
v XN[ g XW,] (1)

ne: N — WBUAKICT CyIIiHHS B nepuioMy nepioni, %/c; X — BimHOCHU# KoedilieHT
cyminss, 1/ %; Wi W, — moyatkoBa i KiHIIeBa BOJIOTIiCTh Matepiaiy, %o.

KinbkicTp Temna, sika OTpEMaHa BiJ] Ipil0voi OBEpXHi B IepIIoMy Iepiofi
TpOLIECY CYUIHHSI, BUTPAYAETHCS HA BUTIAPOBYBAHHS Ta BTPATH TEIlIa Ha BUIIPOMi-
HIOBaHHS BiJKPHTOIO MOBEPXHEI0 MaTepiany B CepelOBHIIe i HAa KOHBEKTHUBHI
BTpaTH. AJe 11i BTpaTu € HeBelukuMH (3...5 %) i HUMu MokHa 3HexTyBatu. OTXKe,

q9="oJ> @
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