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на основе SolidWorks API, с использованием компилятора Microsoft 
Visual Studio 2010, который позволяет исследовать параметры 
камеры, а также управлять геометрией лесосушильной камеры и 
штабеля. Осуществлено тепловой расчет и анализ физических 
потоков в лесосушильной камере с использованием 
информационных технологий проектирования COSMOSFloWorks. 

САПР, SolidWorks, SolidWorks API, COSMOSFloWorks, 
модель, лесосушильная камера, процес сушки, температура. 

 
Для твердотілого моделювання лісосушильної камери та 

створення тривимірних моделей її компонентів використано 
систему автоматизованого проектування SolidWorks 2011. 
Розроблено програмно-орієнтований комплекс “Wood v.1.0” на 
основі SolidWorks API, з використанням компілятора Microsoft 
Visual studio 2010, який дає можливість досліджувати параметри 
камери, а також керувати геометрією лісосушильної камери та 
штабеля. Здійснено тепловий розрахунок та аналіз фізичних 
потоків у лісосушильній камері  з використанням інформаційних 
технологій проектування COSMOSFLOWORKS. 

САПР, SolidWorks, SolidWorks API, COSMOSFloWorks, 
модель, лісосушильна камера, процес сушіння, температура. 
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Actuality of problem. Development of drying methods and 
analysis of stressed-strained relaxation processes in capillary-porous 
materials with changeable potentials of mass heat transfer assists 
decision of important science technical problem, concerned with rational 
choice and usage of technological processes of hydrothermic wood and 
wood composites treatment with at the same time supplying necessary 
quality indexes of these materials. Solving of this problem complicates 
because of high hydrophobicity, considerable changebility of structural 
and physic mathematical properties in anisotropy directions. That’s why 
researches of temperature-moistural fields influence on strains 
distribution or deformation in wood depending on anisotropy of its physic 
mathematical properties. Models that describe such processes are too 
complicated for analytical searching for its analytical decision. It 
stipulates development of numerous algorithms and applicable software. 

Analysis of known results. In work [3] on base of termodynamics 
of irreversible processes was proposed system of differential equations 
that describe associate stressed-strained relaxation and mass heat 
transfer processes in capillary-porous colloidal materials. Among works 
dedicated to problem of two dimensional distribution of temperature-
moistural fields numerical modeling in wood drying process with constant 
mass heat transfer coefficients we can name. In researches [5-8] was 
made modelling of anisotropic and nonlinear dependent from physic 
mathematical properties of material, field temperature and moisture 
content. 

Physic mathematical model. Two dimensional model is expedient 
to examine also from considering that lumber dimensions along fibres 
are always bigger than across. Nonstationary task of heat moisture 
change and task of stressed-strained relaxational fields distribution are 
considered for drying time changing on interval ],0[   in region 

}2,1],,0[],0[:),({ 21  ibaxxx ix , that is presented by rectangular 

wooden beam with the center in the beginning of coordinates (Fig. 1). 
 

 
Fig. 1. Scheme of wooden beam cross section (a, b – half of 

geometric dimensions  and location of characteristic points in the section 
of the material. 
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Temperature distribution ),x,x(T 21   and moisture content ),x,x(U 21   

in the case of absence of gradient of general pressure is described by 
the system of differential equations in partial derivative with appropriate 
initial and boundary conditions: 

.

;

2

2

21

1

12

2

21

1

1

0

2

2

21

1

1




























































































































x

T
a

xx

T
a

xx

U
a

xx

U
a

x

U

U
r

x

T

xx

T

x

T
c










 (1) 

Initial conditions:  

00
TT 


; 00

UU 


. (2) 

Boundary conditions: 

,2,1,0);(

;0);()()1(

0

0

0


























































i
x

T

x

U
UU

x

T
a

x

U
a

x

T
TtUU

x

T

i

ii

ii

i

iiii

ii

x

iilxpi

lx

ii

x
lxciplxi

lx

i





  (3) 

where )x,x(T 210 , )x,x(U 210  – initial temperature distribution and moisture 

content in material; ),T(up   – equilibrium moisture; )U,T(c  – heat capacity; 

)U(  – density; )U,T(1 , )U,T(2  – heat conductivity coefficient in anisotropy 

directions; – phase changing coefficient; 0  – basic density; r  – specific 

heat of evaporation; )U,T(  – thermogradient coefficient; )U,T(a1 , )U,T(a 2  – 

hydraulic conductivity coefficients  in anisotropy directions; )v,t( c1 , )v,t( c2  

– heat exchange coefficients and )v,,t( c1  , )v,,t( c2   – moisture exchange 

coefficients, that depend on ct ,   and v  – ambient temperature, relative 

air moisture and speed of drying agent movement accordingly. 
It is significant that for numerical decision of the equations system 

(1) – (3) were used dependences of heat physical characteristics of 
wood from temperature and moisture with the help of approximation 
dependences at the moment of calculation on time τ. Аlgorithm of 
numerical decision of initial-boundary task (1)-(3) was considered in 
previous article co-authors [4]. In this article were also given results of 
numerical finding of temperature distribution ),x,x(T 21   and moisture 

content ),x,x(U 21  , that’s why later we shall consider these functions as 

known in region   and every moment of time ],0[  , let’s formulate task 

for determination of stressed-strained state of wood in drying process. 
It’s necessary to find displacement vector components T

21 )u,u(u  , that 

satisfies in region   equation of equilibrium 
0σB

T . (4) 
Boundary conditions (that take into account the symmetry of  the 

task region ) are: 
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Here are set notations: T),,( 122211 σ  – strains component vector, 

B – matrix of differential operators. Сorrelation between movements and 
vector of deformation T

122211 ),,(ε   is written this way: 

Buε . (7) 
For describing deformation processes in viscous elastic bodies, to 

which concerns wood, was used hereditary theory of elasticity. It’s 
correlation describes connection between components of strains and 
deformations in wood drying process, that is in tensorial form with the 
help of formula 
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modulus of rigidity. In this task was taken into account that elasticity m 
atrix coefficients depend on temperature’s value and on moisture content 
of material. Relaxation nuclei ),( tR  is given by 
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where parameters j
 , j

 , j
 , j

 , 
0

 , L  determine from minimum of 

quadratic deviation of experimental curves ),,(  UT . Research results of 

deformation creeping and reverse creeping along fibres allowed to plot 
rheological wood behaviour functions with taking into account 
accumulated residual deformations, that are necessary for calculation of 
stressed-strained lumber state in wood drying process. That’s why, when 
we substitute correlation (7) into formula (8), and then into equation (4), 
we get equilibrium equations that are similar to Lyame equations, where 
part of additional volume forces play gradients of temperature and 
moisture content. So, if to add to the equations (4), (7), (8) and boundary 
conditions (5), (6) initial condition given by 
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then we will get nonstationary task for stressed-strained state 
determination of dried wood. 

Variational task formulation. For the task category to which 
belongs written above non-stationary task of stressed-strained state 
determination, is popular formulation on basis on Lagranzh principle 
(principle of a minimum of full potential energy) (8), that claims the 
following. Among the acceptable movings u  of wood as viscous elastic 
body, which belong to space 
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to functional of Lagranzh  
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when to substitute into functional (11) expressions (7), (8), we’ll get 
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Decision of task about minimum of functional (12) with the help of 
finite element method is searched in finite subspace 
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H . Basic functions are determined on quadrangles, that cover 
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Correlation (14) makes it clear that calculated on k -step transfer 
vector components ku  (in the left part) depend on gradient to temperature 

and moisture and from previous states of system (in the right part). 
Functions rheological behavior of wood during drying with regard to the 
mechanism of accumulation of irreversible strains are selected as 
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where h(τ) – Heaviside function, and the unknown coefficients ai, bі, αі, βі 
determined by least squares approximation based on experimental data 
of creep samples of wood under load and after unloading [10]. To 
simulate the mechanical and sorption strain caused by changes in 
humidity rate applied equation: 
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where m – parameter model. Dependence of Mechanical and sorption 
flexibility to changes in humidity by dependence. To simulate the plastic 
properties of wood used theory of plastic flow Prandtl-Reis: 
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where еij, Sij – devitatory strains and stresses. According to the laws of 
plasticity, we can write a relation between the differentials of stresses 
and strains. Then we can write: 
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where ij – Kronecker symbol. 
Value (7) - (17) constitute the mathematical model of viscoelastic 

deformation of capillary-porous materials during drying with regard to the 
accumulation of irreversible deformation. For the numerical 
implementation of the model used finite element method [4, 10]. By 
object-oriented analysis the model is designed and software 
implemented in the form of documented classes, which can be used 
repeatedly for the implementation of other models. Numeral calculations 
are realized on the object-oriented language of programming Java. 

Analysis of design results. Design of the one-step mode. In order to 
minimize the mean integral value of final value content of a wooder bar 

with initial moisture content )()0,( 0 xUxU   for the set time of drying   it is 

necessary to find such functions of management: : temperature of 
environment ),( xtc , relative humidity ),(  x  and rate of movement of 

agent of drying ),(  x . Taking into account limitations, imposed on them 
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and on viscoelastic tensions  
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The mean integral value of final moisture content is calculated on a 

formula 
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Design of the multistage mode. To solve the formulated 
optimization problem (1) - (8), (18) – (20) the method of genetic 
algorithms was used. According to the basic definition and the theory of 
evolutionary algorithms for solving optimization problem we must set a 
form of chromosomes, which represents a solution and to define fitness 
function, according to which the most suitable chromosome, i.e. the best 
solution, is determined. For construction of three-step mode solution of 
the problem looks like: 
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Thus temperature and relative humidity in the drying chamber are 
construct at each step of the drying regime and change from step to step 
according to the linear law. The corresponding chromosome has the 
form 

 .,,,,,,, 32132121  ccc ttt      (22) 

Fitness function is written as 
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where ( ),(.. utii ) - experimentally determined tensile strength [4]. As it can 

be seen from chromosomes form (19), not only temperature of 
environment and relative humidity at each step, but also should be 
matched optimal points of time at which to make the transition to the next 
level should be determined. Results of numerical solution of optimization 
problem are presented. 
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На основе проведенных теоретических и 

экспериментальных исследований были установлены 
закономерности в развитии упругих, вязкоупругих и остаточных 
деформаций которые описаны количественными функциями 
ползучести и релаксации, необходимыми для расчета напряженно-
деформированного состояния древесины в процессе сушки.  

Древесина, моделирования, анизотропнисть, 
температура, влажность, релаксация, термодинамика. 

 
На основі проведених теоретичних та експериментальних 

досліджень були встановлені закономірності в розвитку пружних, 
в'язкопружних і залишкових деформацій які описані кількісними 
функціями повзучості і релаксації, необхідними для розрахунку 
напружено-деформованого стану деревини у процесі сушіння.  

Деревина, моделювання, анізотропність, температура, 
вологість, релаксація, термодинаміка. 
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