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Abstract: Presented work describes the use of algorithm for the computation of thermo-elastic properties of 

randomly reinforced composite which is based on histogram from image analysis done on ITAM, CAS. Three 

polished samples from “Bearing” part were analyzed. Results are used for verification of the algorithm 

functionality and primarily for computation of thermo-elastic properties which were compared with each other 

and used in modified FE analysis.  

KEYWORDS: Image Processing, Monte Carlo, Random Reinforcement 

 

1 Introduction 

In [1] were described image processing methods and developed algorithm for evaluation of 

thermo-elastic properties of composite plates randomly reinforced with chopped C/PPS 

pellets. Monte Carlo simulation was used as an input for Classic Lamination Theory (CLT). 

Matrices of membrane stiffness A, coupling stiffness B and bending stiffness D were 

evaluated and from them were evaluated effective engineering constants of the composite 

plate. This method was used for evaluating effective engineering constants of part “Bearing” 

which had been earlier analyzed as isotropic (see [2] for details) and comparison between 

these approaches was done. 

 

2 Data processing  

Three polished samples from “Bearing” part were analyzed with image processing 

methods on ITAM, CAS. Results of this analysis are histograms for the angles of two main 

axes of evaluated ellipse (Fig. 1) [3]. Histogram (Fig. 2) serves as an input to AntHillTM 

software which computes off-axis stiffness matrices Q ̅ (see for example [4, 5, 6] for details) 

which are later use for evaluating effective engineering constants of each analyzed polished 

sample. Position of the cross-cuts on “Bearing“ part can be seen in Fig. 3. In Fig. 4 - 6 can be 

seen detail of analyzed cross section from position 1, 2 and 3. 
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Fig. 1 Evaluated angles during image analysis in ITAM, CAS [3] 

 

 

Fig. 2 Histogram of Φ angle 
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Fig. 3 Positions of analyzed cross-cuts on “Bearing” part  

 

Fig. 4 Detail of analyzed polished sample from position 1  
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Fig. 5 Detail of analyzed polished sample from position 2  

 

 

Fig. 6 Detail of analyzed polished sample from position 3  
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Evaluated thermos-elastic properties for each polished sample can be seen in Table 1 – 3. 

Thermo-elastic properties based on CLT isotropic calculation [1] are shown in Table 4. 

Table 1 Thermo-elastic properties for cross-cut 1 

Ex [MPa] Ey [MPa] Gxy [MPa] νxy [-] 

23 580 50 583 10 245 0,009 

Table 2 Thermo-elastic properties for cross-cut 2 

Ex [MPa] Ey [Mpa] Gxy [Mpa] νxy [-] 

27 740 43 028 9 895 0,047 

Table 3 Thermo-elastic properties for cross-cut 3 

Ex [MPa] Ey [MPa] Gxy [MPa] νxy [-] 

29 959 50 022 9 028 0,057 

Table 4 Thermo-elastic properties according to CLT isotropic calculation [1] 

Ex [MPa] Ey [MPa] Gxy [MPa] νxy [-] 

54 167 54 167 20 785 0,301 

3 CONCLUSION 

If we compare results from Tab. 1 – 3 with each other we obtain 21 % difference for Ex, 

15 % for Ey, 12 % for Gxy and 84 % for νxy. Values from Tab. 2 were used in FE analysis of 

loading case JA-LI-23 (see [2] for details) and results (von Mises stress) were compared with 

previous analysis done with the use of isotropic material approach (Table 4). Results are 

shown in Fig. 5. We can see that the character of the stress field is similar and difference in 

maximal value is 6,7 %. The results should be viewed with caution because of the fact that 

photos of polished samples given to ITAM, CAS had low resolution (on the limits of 

applicability). 
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Fig. 7 von Mises stress for isotropic (up) and anisotropic (down) analysis  
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