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The CAE methodology to evaluate the mechanical properties of the soft polyurethane foams (compression force - displacement 
characteristics, hereafter F-S characteristics) using void distribution functions was presented, verified and improved in the preceding 
papers (1-3). Using this CAE methodology, F-S characteristics studies by changing void distribution function curves were performed and 
executed. Then material properties and parameters related to void distribution functions which affect compression F-S characteristics are 
clarified. Also, Machine Learning was applied to the CAE results of F-S characteristic studies and possibilities to control F-S 
characteristics of soft polyurethane foams are presented. 

 
In this report, using the validated CAE methodology, 117 case CAE runs regarding the void distribution functions along with the 

Young’s Modulus E and strength level of stress-strain curves of urethane materials were done. Then how F-S characteristics are affected 
by void distribution function, major void radius and Young’s Modulus E and so are clarified. And it was found that F-S characteristics 
can be widely controlled and designed by void distribution functions. This will result in weight reduction or improving performances 
regarding the urethane foams without mass increase. 

 
 And Machine Learning (ML) was applied to 117 case CAE results. After checking 8 ML algorithms to fit best to this problem by 

Leave-One-Out Cross-Validation (LOOCV), Random Forest was found best. Then 2 new arbitrary void distribution functions were applied 
to this ML database and prompt F-S results were gained. Also, conventional FEM models from 2 new arbitrary void distribution functions 
were also made by the proposed CAE methodology and are submitted to supercomputer. Comparison of F-S curves between ML and 
conventional FEM came very closely.   
 

Our final research goal is to control and design F-S characteristics of the soft polyurethane as we like in the early stage of vehicle 
development. This report proved that our final goal is possible technically.   

(1) F-S characteristics of soft polyurethane foam can be controlled and designed by void distribution functions. 
(2) ML can be applied to this problem and can estimate F-S characteristics of soft polyurethane foam promptly and accurately. 

 
 

    
Fig.1 FEM F-S characteristics vs Void Radius             Table 1 ML Algorithm Study                Fig.2 F-S Comparison between 

CAE and ML (Worst Case Result) 

講演番号

2026 JSAE Congress (Autumn) - Summarized Paper
Issued on October 9, 2026

293


