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Pasternak V.V., Pasternak Ia.M. Object-oriented programming of boundary element method for 3D 

thermomagnetoelectroelasticity. The paper considers principles for development of object-oriented source code for 3D boundary 
element approach obtained earlier for 3D thermomagnetoelectroelasticity. It shows the advantages of the proposed approach comparing 
to the procedural one. It proposes to link the developed programs as modules for high-level interpreted programming languages for 
development of powerful computer aided engineering systems. 
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class BoundaryElement 
{ 
private: 
// ,  
    double NodesX[3][3], 
           NodesY[3][3], 
           NodesZ[3][3]; 
 
    double Lagr1DTopol(int p, double t); 
    double DiffLagr1DTopol(int p, double t); 
 
public: 
//  
    double tP[5][3][3], 
           tM[5][3][3], 
           uP[5][3][3], 
           uM[5][3][3], 
           thetaP[3][3], 
           thetaM[3][3], 
           hnP[3][3], 
           hnM[3][3]; 
 
    BEType ElementType; 
    HTType ElementHTType; 
 
    BoundaryElement(void); 
    BoundaryElement(double X[3][3], double Y[3][3], double Z[3][3]); 
    void SetDefaultShapeFunctions(void); 
    void SetShapeFunctions(int DispShFn, int TracShFn,  
                           int TempShFn, int HeatShFn); 
    void SetElement(double X[3][3], double Y[3][3], double Z[3][3]); 
    void Position(double xi, double eta, double x[3]); 
    void DiffR(double xi, double eta, double dr_dxi[3], double dr_deta[3]); 
    void Normal(double xi, double eta, double n[3], double &J); 
    void RotateElement(double xC[3], double phi_x,  
                       double phi_y, double phi_z); 
    void TranslateElement(double x, double y, double z); 
 
    double ShapeFunctionDisp(const int n, const double xi, const double eta); 
    double ShapeFunctionTrac(const int n, const double xi, const double eta); 
    double ShapeFunctionTemp(const int n, const double xi, const double eta); 
    double ShapeFunctionHeat(const int n, const double xi, const double eta); 
 
}; 
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 (tP, 

tM, uP, uM, thetaP, thetaM, hnP, hnM),  ,   
(ElementType, ElementHTType).  

» , . 
 (SetElement)   

(SetShapeFunctions)   RotateElement, TranslateElement,  
. ,  

. 1  1  1 
, . 

 

 
. 1.  

 
 (4), (5)  

ThermoSolid3D,  (  
). 

 
class ThermoSolid3D 
{ 
protected: 
    double CC[5][3][5][3], 
           beta[5][3], 
           kk[3][3]; 
     
    double SS[5][3][5][3], 
           alpha[5][3]; 
 
    BoundaryElement *Elements; 
    int NElements; 
     
    WinklerInclusion3D *WinklerInclusions; 
    int NWinklerInclusions; 
     
    int NForces; 
    ConcFactor *Forces; 
     
    int NHeatSources; 
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    HeatSource *HeatSources; 
     
    double ThetaInf; 
    double SigmaInf[5][3], UI_j_Inf[5][3]; 
 
public: 
    ThermoSolid3D(double C1[5][3][5][3], 
                  double beta1[5][3], 
                  double k1[3][3]); 
    ~ThermoSolid3D(); 
    void AllocateElements(const int Number); 
    void SetBEGeometry(const int Elem, double X[3][3],  
                       double Y[3][3], double Z[3][3]); 
    void RotateBE(const int Elem, double xC[3],  
                  double phi_x, double phi_y, double phi_z); 
    void TranslateBE(const int Elem, double x, double y, double z); 
    void SetBEType(const int Elem, const int type=1, const int HTtype=1); 
    void SetBEConditions(const int Elem,  
                         double HT_BCp[3][3], double HT_BCm[3][3], 
                         double MEE_BCp[5][3][3],  
                         double MEE_BCm[5][3][3]); 
 
    void BEMSolver(void); 
    void HTTemperature(double x0[3], double &theta); 
    void HTHeatFlux(double x0[3], double h[3]); 
    void Displacement(double x0[3], double u[5]); 
    void Stress(double x0[3], double sigma[5][3]); 
    void FIF(int Element, int flag, double x,  
             double x0[3], double KK[5], double Kt[2]); 
    void SetShapeFunctions(int Element, int DispShFn,  
                           int TracShFn, int TempShFn, int HeatShFn); 
    void SetSigmaInf(double sigma[5][3]); 
    void SetThetaInf(const double theta); 
    void AddCForce(ConcFactor Force); 
    void DeleteCForces(void); 
    void AddHeatSource(HeatSource Source); 
    void DeleteHeatSources(void); 
}; 
 

,  
,  AllocateElements.  

,  
, . 

 SetBEGeometry, RotateBE, TranslateBE, SetBEType, SetBEConditions, 
SetShapeFunctions  

. 
 BEMSolver  [8]  

 (4), (5).  HTTemperature, HTHeatFlux, Displacement, 
Stress , ,  

. ,  FIF  
 

. 
 SWIG [9]  

 Python.  
 NumPy, SciPy, matplotlib.  

.  
 
 

, . ,  



 " : , , "         
, 2016.  24-25 

 

 
© ., . 

112 

 
, ,  

. 
 

1. Cheng A.H.D. Heritage and early history of the boundary element method / A.H.D. Cheng, D.T. Cheng // Engineering Analysis 
with Boundary Elements. – 2005. – 29, 3. – P. 268–302. 

2. .  / . , . . – .: , 1984. – 494 . 
3. Dominguez J. Boundary elements in dynamics / J. Dominguez. – Boston: Computational Mechanics Publications, 1993. – 700 p. 
4. Beer G. The boundary element method with programming / G. Beer, I. Smith, C. Duenser. – New York: Springer, 2008. – 496 p. 
5. Lage C. The application of object-oriented methods to boundary elements / C. Lage // Comput. Methods Appl. Mech. Engrg. – 

1998. – 157. – P. 205–213. 
6. Qiao H. Object-oriented programming for the boundary element method in two-5al heat transfer analysis / H. Qiao // Advances in 

Engineering Software. – 2006. – 37. – P. 248–259. 
7. Wang W. Object-oriented programming in boundary element methods using C++ / W. Wang, X. Ji, Y. Wang // Advances in 

Engineering Software. – 1999. – 30. – P. 127–132. 
8. Pasternak Ia. A comprehensive study on Green’s functions and boundary integral equations for 3D anisotropic 

thermomagnetoelectroelasticity / Ia. Pasternak, R. Pasternak, H. Sulym // Engineering Analysis with Boundary Elements. – 
2016. – 64. – P. 222–229. 

9. http://www.swig.org/ 


