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Abstract 
 
The validation of each simulation code used in foundry domain requires individual approach due to its specificity. This validation can by 
elaborated on the basis of experimental results or in particular cases by comparison the simulation results from different codes.  The article 
concerns the influence of grey cast iron density curve and different forms of solid fraction curve Fs=f(T) on the formation of shrinkage 
discontinuities. Solid fraction curves applying Newtonian Thermal Analysis (NTA) were estimated. The experimental and numerical 
simulation tests were performed on the castings, which were made with Derivative Thermal Analysis (DerTA) standard cups. The 
numerical tests were realized using NovaFlow&Solid (NF&S), ProCast and Vulcan codes. In this work, the coupled influence of both 
curves on the dynamics of the shrinkage-expansion phenomena and on shrinkage defects prognosis in grey cast iron castings has been 
revealed. The final evaluation of the simulation systems usefulness should be based on validation experiment, preceded by comparing the 
simulation results of available systems which  are proposed in given technology. 
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1. Introduction 
 
The defects related to shrinkage remain one of the biggest 

quality problems. The application of foundry simulation codes in 
industrial conditions should, above all, ensure the most accurate 
predictions of casting quality. Only in this case, a proper 
assessment with criteria of minimum defects related to shrinkage 
can be stated. This item and the effectiveness of simulation codes 
using these criteria are the main challenges, regardless of its 
origin, discretization method and particular user’s opinions.  

Metal alloys crystallization phenomena simulation is based on 
mathematical models, which represent the complexity related with 
physical and chemical processes in a much diversified way. The 
corresponding simplifications are assigned to applied simulation 
code and must be taken into consideration in database. The 
coefficients for the database should be determined by 

experimental validation by comparing the real and virtual casting 
process. Sometimes, the analysis can be difficult because the 
applied simplifications are not usually revealed to the users or not 
well described in the trouble-shooter (manual or help window in 
simulation code) [1]. 

In the literature, problems of determination or validation of 
databases is named the inverse problem solution. The authors 
have devoted many of their previous publications on this topic 
[1,2,3,4]. Other authors discussed the problem of using the more 
complex models through introducing a new phenomena, which 
can lead to better formal physical description, for example, 
nucleation of particular phases, their growth, including 
intermetallic phases, segregation, shrinkage and stress, and flow 
in the solid-liquid zone. Despite getting a quasi-ideal model, it is 
necessary to use a some simplifications and/or empirical models 
[1]. This is strictly related to a need of disposing the new physical 
parameters and coefficients (contained in a set of boundary 







40 A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 5 ,  I s s u e  4 / 2 0 1 5 ,  3 7 - 4 4  

The thermo-physical parameters of sands (Croning sand cup  and 
furan-bound sand cube) were assumed as constant values in 
temperature range of 20÷1500°C:  heat conductivity were equal 
0,8 and 1,04 W/m·K respectively and the specific heat 
1000 J/kg·K and density 1540 kg/m3 for both materials. 
 

 

 

 
Fig. 3. Chosen database parameters for EN-GJL-250 cast iron, 
a) heat conduction and specific heat, b) density and shrinkage 

curves in variant Rho 1 (without graphite expansion 
consideration), c) density and shrinkage curves in variant Rho 2 

(with graphite expansion consideration) 
 
 

3. Results and discussion  
 

Tables 2, 3, 4 and 5 show simulation results obtained using 
three simulation codes and its comparison for the casting 
geometries: NF&S with Macro model, ProCast with Macro and 
Micro models and Vulcan with Macro model. They are presented 
in form of a sequence for selected cooling time. Specific 
simulation variants are denominated by its solid fraction curve 
number (Fig. 2b – Fs 2, Fs3 and Fs 4) and its density curve 
number (Fig. 3b – Rho 1 and Fig. 3c – Rho 2). 

Table 2 shows NF&S numerical simulation test results 
obtained using Fs 4 solid fraction curve and two density curves 

(Rho 1 and Rho 2). It can be seen progressive shrinkage volume 
increase. Contribution of Rho 2 is lower than Rho 1, remember 
that Rho 1 doesn’t consider the graphite expansion. It should be 
mentioned that similar dependency is present on ProCast 
simulation tests results but, in this case, internal shrinkage 
discontinuities were finally completely compensated by graphite 
expansion. Only the primary shrinkage (pipe) formed before 
eutectic crystallization on casting top side will be not 
compensated (Table 3).  

Comparing the results of Fs 4 & Rho 1 and Fs 2 & Rho 1 
variants, we can see that second variant produces higher internal 
and pipe shrinkage. This is an evidence of solid fraction influence 
on shrinkage defects. Also, these variants show full compensation 
of internal shrinkage defects but less shrinkage contribution can 
be observed before graphite expansion. Similar dependence 
occurs in Fs 3 & Rho 1 and Fs 3 & Rho 2 variants but with higher 
shrinkage contribution than variants before mentioned. 

Results of ProCast numerical tests (Table 4), using its own 
micro model, show that its contribution in relation with internal 
shrinkage formation is much smaller than other variants. Also, 
compensation effect and highest primary shrinkage (pipe) 
intensity can be observed. Solid fraction variability with the 
temperature, assigned to a micro area (to a particular mesh node), 
has influence on the solidification process. If this Fs=f(T) 
variability is happening in the same temperature range Tliq – 
Tsol, there is practically no influence on simulated final 
solidification time. However, we need to make some assumptions 
about the use of the same database in relation to the remaining 
process parameters and materials, including the latent heat of 
solidification of the casting. 

Changes of solid fraction curve profile, inside Tliq – Tsol 
range, with the above mentioned assumption, have influence on 
the solid phase growth evolution, which in turn affects the 
shrinkage-expansion processes in cast iron and local liquid phase 
micro flows feeding shrinkage cavities than have appeared. 

Comparing the simulation results obtained in Vulcan code we 
can not see pipe shrinkage (the gravity doesn’t take into account) 
and graphite expansion effect. The porosity is shown as an 
average value for the whole volume. 

In this study, the influence of Rho=f(T) and Fs=f(T) on 
predicted shrinkage porosities (distribution and quantity) were 
identified. The best porosity prediction between numerical and 
experimental tests has been observed by comparing the surface of 
DerTA cup casting cross-section (result obtained by penetration 
test, PT), shown in Fig. 1a, and ProCast numerical simulation 
results for Fs 4 & Rho 2 variant (Table 3). This good accordance 
was also confirmed by ProCast Micro model results (Table 4). 
Other trials for both codes (with other variants Fs–Rho) using Rho 
2 have also given good results (minimal internal porosity), unlike 
those obtained using Rho 1. 

Moreover, the application of the same thermal database 
parameters in all codes (NF&S, ProCast with Macro model and 
Vulcan) results in a different image related to porosity prognosis. 
This could be due to the hidden algorithms used by these 
commercial codes and therefore not available to users. 
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