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Thermal gradients observed in this analysis may force contiguous elements to hire different lengths, as already 
discussed, but it is not possible due to the displacements congruence, so this origins stresses in that area that could be 
tensile or compressive stresses based on the sign of the thermal gradient. In particular, the area near the cooling channel 
cools down faster, so it tends to contract more but it is constrained by adjacent zone at higher temperature, thus tensile 
stresses will appear on the surface in that zone. These tensile stresses act on the component cyclically at each new 
casting. 

 

       

Fig. 8. Thermal fields [°C] at (a) 15 s; (b) 25 s; (c) 35 s; (d) 45 s. 

 

4. Preparation and results of the structural analysis 

The time variable temperature field has been exported and applied as a load in the structural analysis. Before 
running the analysis, the model has been constrained with fixed joints in order to simulate the assembly in the mold 
and the bond effect of the alloy during the solidification. 

The results of the structural analysis underline a stress intensification in the area where the thermal gradient was 
higher, as shown in Figure 9. At the end of the cycle the maximum von Mises equivalent stress is about 370 MPa. 

 

 

Fig. 9. Von Mises stresses on the insert at 45 seconds [MPa]. 

a b c d 







580	 Federica Fiorentini  et al. / Procedia Structural Integrity 24 (2019) 569–58212 Federica Fiorentini et al. / Structural Integrity Procedia  00 (2019) 000–000 

         

Fig. 12. Comparison of temperature field [°C], after 25 seconds, between (a) traditional cooling channel and (b) conformal cooling channels. 

 

Fig. 13. Temperature field [°C] after 30 seconds. 

Figure 14 represents the temperature field in a section plane that has the same coordinates as the one showed in 
Figure 6. It can be seen that with conformal cooling channels the average temperature in the core of the insert is lower 
than the one calculated with the traditional cooling system and, at the same time, is more uniform without the presence 
of large high temperatures areas as the ones observed before in the lower filleted zone of the insert. 
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Fig. 14. Thermal field in the core of the insert [°C]. 

This result is also confirmed by the subsequent structural analysis; despite the equivalent von Mises stresses are of 
the same magnitude, there is a lack of stress intensification as shown in Figure 15.  

 

        

Fig. 15. Comparison of the von Mises stresses [MPa] between (a) traditional cooling channel and (b) conformal cooling channels. 

6. Conclusions 

Injection molding is one of the frequently used processing technologies to manufacture automotive parts with high 
productivity. In order to improve productivity and part quality, optimal thermal management of injection mold and its 
components is an essential step in the mold design. It has been found that a conformal cooling system is a valid 
solution to uniformly cool a mold insert while reducing the effects of thermomechanical fatigue. Die casting processes 
are easily affected by it because of their typical high temperatures that evolve in few seconds. 

In this paper we presented two finite element simulations in order to analyze and compare the temperature and the 
stress fields obtained on the insert with two different cooling systems and find out the better system that could limit 
the frequent substitutions of the inserts. 

In conclusion, for what concerns the cooling systems, it is clear that conformal cooling channels bring a series of 
improvements in terms of reduction of mechanical and thermal stresses and cycle time.  
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