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Abstract 

This study investigates the application of software-based casting simulation for improving the design and 

manufacturing performance of gold jewelry casting. A cast gold ring was analyzed to evaluate molten 

metal flow behavior, contour fill pressure, cold shut formation, macro porosity, and Niyama factor 

distribution during solidification. The simulation results showed that contour fill pressure ranged from 

0.138 to 1.26 MPa, indicating non-uniform mold filling behavior caused by differences in geometry, 

cross-sectional thickness, and thermal conditions. Thin and intricate regions exhibited lower filling 

pressures and rapid heat loss, increasing the probability of cold shut formation and incomplete filling 

defects. The Niyama factor values ranged from 0.0064 to 0.32 (°C·s)0.5·mm-1, revealing non-uniform 

solidification behavior throughout the casting. Low Niyama values were associated with regions 

susceptible to shrinkage porosity because of insufficient feeding and unfavorable thermal gradients. The 

study also compared the casting behavior of 18 karat and 22 karat gold alloys. The results showed that 

the 22 karat alloy exhibited slightly lower cold shut values due to its improved fluidity and lower flow 

resistance. Furthermore, increasing the casting temperature of the 22 karat alloy from 1022 °C to 1050 

°C reduced cold shut formation from 0.1429 to 0.1040 and decreased macro porosity volume by 4.4%, 

owing to enhanced molten metal flow and improved feeding behavior during solidification. Higher 

temperatures also increased the Niyama factor, indicating more favorable solidification conditions and 

reduced shrinkage defect tendency. Overall, the findings demonstrate that casting simulation is an 

effective engineering tool for predicting manufacturing defects and optimizing process parameters before 

production. The integration of simulation into jewelry manufacturing can improve product quality, 

reduce material waste and production costs, and support more efficient and sustainable manufacturing 

systems. 
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1. Introduction 

The jewelry industry has traditionally relied on craftsmanship, manual design processes, and experience-

based manufacturing methods [1,2]. While these approaches have produced highly valued artistic 

products, they often face limitations in terms of production efficiency, design accuracy, material 

optimization, and rapid response to changing market demands [3-5]. With the increasing integration of 
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digital technologies into manufacturing sectors, jewelry production is undergoing a significant 

transformation driven by computer-aided design and advanced simulation tools [6,7]. 

Software simulation has emerged as a powerful solution for improving both the design and 

manufacturing stages of jewelry production [8-10]. By enabling virtual modeling, process simulation, 

and performance analysis before physical fabrication, simulation software reduces trial-and-error, 

minimizes material waste, and shortens development cycles. Designers and manufacturers can evaluate 

form, structure, casting behavior, and assembly processes in a virtual environment, leading to higher 

precision and consistency in final products [11]. Figure 1 shows a sample of jewelry designed by Matrix 

software.  

 

Figure 1. A type of Jewelry designed by Matrix 9 software. 

 

This study explores the role of software simulation in developing jewelry manufacturing as a modern 

solution that bridges design creativity and manufacturing efficiency. It highlights how simulation-based 

approaches enhance design validation, optimize manufacturing processes, and support innovation in 

jewelry production. By adopting software simulation technologies, the jewelry industry can achieve 

improved product quality, cost efficiency, and sustainable manufacturing practices, positioning itself to 

meet the challenges of contemporary markets. 

 

2. Materials and Methods 

In this study, two parameters, the effect of gold karat and the effect of temperature at a fixed karat, were 

investigated. 18 and 22 karat gold were selected. Also, for 22 karat, two temperatures of 1022 and 1050 

degrees Celsius were discussed and investigated. 
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In the present study, Matrix 9 software was used to design a simple jewelry sample, as Figure 2 shows 

the final design of the ring sample. This design is a common ring for everyday use and can be made using 

casting or 3D printing methods. The weight of this sample is 3 g and it is for everyday use. 

In the present study, the casting simulation of the sample was carried out using Click2Cast software, 

which is widely used for the numerical simulation and analysis of casting processes for various alloy 

systems. The simulation was performed using a chromite sand mold, while the pouring temperature of 

the molten alloy was considered to be 1022 °C. No mold preheating was applied, and the filling process 

was simulated under normal gravitational conditions. Preheating is not always necessary in gold casting 

because molten gold has high thermal conductivity and good fluidity, allowing efficient mold filling even 

at moderate mold temperatures. Excessive preheating may increase solidification time and negatively 

affect surface quality. Therefore, proper pouring temperature and mold design are often sufficient to 

achieve acceptable casting quality while reducing energy consumption and production time. 

 

 

Figure 2. a simple sample of a ring used as jewelry.  

 

Before the simulation, the three-dimensional geometry of the casting system, including the gating and 

feeding sections, was designed and imported into the software environment. The molten metal entry path 

was also defined, where the red-colored region represents the molten metal inlet channel. To improve 

the numerical accuracy of the calculations, the geometry was discretized using an appropriate finite-

volume mesh. Meshing is one of the most critical stages in casting simulation, as the quality and density 

of the mesh directly impact the precision of the predicted thermal gradients, mold filling behavior, 

solidification characteristics, and defect formation. In this study, a sufficiently refined mesh was used in 

critical regions such as the gate, runner, and casting cavity to achieve stable and reliable simulation results 

while maintaining acceptable computational time. 

The simulation process involved analyzing the flow of molten metal, heat transfer between the molten 

alloy and the mold, solidification behavior, and potential defect formation, including porosity and 

shrinkage. Thermo-physical properties of the alloy and mold materials, including density, thermal 
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conductivity, specific heat, and viscosity, were considered based on the material database available in 

the software. Appropriate boundary conditions and gravity-driven flow assumptions were also applied 

during the calculations. 

After completion of the simulation, the resulting data were extracted and analyzed in detail to evaluate 

the casting performance and solidification behavior of the sample. It should be noted that the chemical 

composition of the alloy used in this study consisted of 75 wt.% gold and 25 wt.% combined titanium 

and nickel. Finally, Table 1 summarizes some information about the simulation process.  

 

Table 1. Information about the simulation process 

Parameter Value 

Temperature (˚C) 1022 

Chemical Composition 75 wt.% gold and 25 wt.% titanium  

Mold direction X 

Gravity acceleration (m/s2) 9.8 

Type of mold Chromite sand mold 

Tetrahedral mesh generated 32158 

Triangle mesh generated 10272 

Nodes 8099 

 

3. Results and Discussion 

18 Karat Gold 

Figure 3 shows the temperature conditions of different areas during mold filling for 18 Carats gold. As 

is clear, the top of the ring has the highest temperature, which is logical considering the molten entry 

area. Choosing the right conditions in jewelry casting plays an effective role in temperature control, and 

if chosen incorrectly, there is a possibility of gas and porosity accumulation. Also, according to the results 

of Figure 3, the temperature varies in the range of 1000 to 1022 degrees Celsius. 

 

Figure 3. Contour fill of temperature for 18 karat gold after casting simulation (between 1018.4 and 

1022 ˚C). 
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Figure 4 shows the cold shuts in this ring, and simulation is a critical way to identify cold shuts. Cold 

shuts in cast ring jewelry occur when two or more streams of molten metal fail to fully fuse during the 

casting process, creating visible lines or weak joints on the surface of the ring. This defect is commonly 

caused by insufficient metal temperature, slow mold filling, or improper mold design, which leads to 

premature solidification before the metal flow is complete. In ring jewelry, the circular geometry and 

varying cross-section thickness can increase the risk of cold shuts, especially in thin shanks or detailed 

areas where heat is lost rapidly. Inadequate sprue placement, poor metal flow direction, or low mold 

temperature further exacerbate the problem by disrupting continuous metal flow. As a result, the molten 

metal meets at lower temperatures and insufficient pressure, preventing proper fusion and leading to cold 

shut defects that compromise both the aesthetic quality and mechanical strength of the ring. 

 

-  

Figure 4. Cold shuts identify in the ring for 18 karat gold (between 0 and 0.01466 ˚C).  

 

Figure 5 shows the contour fill of the pressures of this jewelry in a casting simulation. As can be find, 

the pressure values are between 0.138 up to 1.26 MPa. In gold casting, different values of contour fill 

pressure are observed due to variations in metal flow behavior, mold geometry, and thermal conditions 

during mold filling. As molten gold flows through the sprue and into the mold cavity, pressure is not 

distributed uniformly; it changes with distance from the sprue, cross-section thickness, and flow 

direction. Thicker sections retain heat longer and allow smoother flow, resulting in higher and more 

stable fill pressures, while thin or intricate areas cool rapidly, increasing flow resistance and reducing 

local pressure. Additionally, turbulence, gravity effects, and centrifugal or vacuum forces (depending on 

the casting method) create pressure gradients throughout the mold. Temperature differences between the 

molten gold and the mold further affect viscosity, causing localized pressure drops where early 

solidification begins. Consequently, contour fill pressure maps in casting simulations show varying 

pressure values, reflecting how the metal fills the jewelry piece unevenly and highlighting areas prone to 

defects such as incomplete filling, cold shuts, or porosity. 
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Figure 5. The contour fill of pressure results (between 0.138 and 1.26 MPa). 

 

Niyama factors are important in casting simulation [12-14]. Figure 6 shows the results of this factor for 

the gold ring. The Niyama factor obtained from the casting simulation of the gold ring ranges from 0.0064 

to 0.32 (⸰C.s)0.5.mm-1, indicating a non-uniform solidification behavior across the geometry. Low 

Niyama values are typically associated with a higher risk of shrinkage porosity, as they reflect insufficient 

temperature gradients relative to the local cooling rate during solidification. In this ring, the lowest values 

are observed in thin, isolated sections, where rapid heat loss occurs, increasing the likelihood of localized 

porosity formation. Conversely, higher Niyama values appear near thicker regions and areas closer to the 

sprue, where heat is retained longer, and feeding conditions are more favorable. These results suggest 

that the current design and gating system may not provide adequate directional solidification throughout 

the ring. The simulation highlights the need for design or process optimization (such as modifying cross-

section thickness, improving sprue placement, or adjusting casting temperature) to achieve more uniform 

Niyama values and reduce the risk of shrinkage-related defects in gold jewelry casting. 
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Figure 6. Niyama Factor results (Max value is 0.32 (˚C.s)0.5.mm-1). 

 

22 Karat Gold 

Figure 7 shows the results of the contour fill of temperature for 22 karat gold. Compared to Figure 3, the 

minimum temperature is 0.4 degrees Celsius different, which is not a big difference. The reason for this 

lack of difference can be found in the same geometric shape of the two alloys. Given the lack of geometric 

shape change, there is no serious change in the value of the contour fill of temperature. 

Figure 8 shows the contour fill of cold shuts in 22 karat gold. The slightly lower cold shut value in the 

22 karat gold alloy (0.1429) compared with the 18 karat gold alloy (0.1466) can be explained by the 

higher gold content in the 22 karat alloy, which improves molten metal fluidity and delays premature 

solidification during mold filling. Because 22 karat gold contains a larger proportion of pure gold, it 

generally exhibits better thermal conductivity and lower flow resistance than 18 karat gold, allowing the 

molten metal streams to fuse more effectively before solidification occurs. In contrast, the higher alloying 

element content in 18 karat gold can increase viscosity and reduce fluid flow characteristics, slightly 

increasing the probability of incomplete fusion and cold shut formation. Although the difference is 

relatively small, the simulation results indicate that alloy composition has a measurable influence on 

mold filling behavior and casting defect formation in jewelry manufacturing. 



                     

 

JMIS, 2026, Vol. 1, No. 1 
https://doi.org/10.71350/jmis.4 

                                          

8 

 

Figure 7. Contour fill of temperature for 22 karat gold after casting simulation (between 1018.8 and 

1022 ˚C). 

 

Figure 8. Cold shuts identify in the ring for 22 karat gold (between 0 and 0.01429 ˚C).  

 

Figures 9 and 10 shows the contour of pressure and Niyama factor, respectively. The lower pressure 

observed in the 22 karat gold alloy during casting simulation can be attributed to its higher gold content, 

which provides better fluidity and smoother molten metal flow inside the mold cavity. Since 22 karat 

gold contains fewer alloying elements than 18 karat gold, the molten metal experiences lower flow 

resistance and reduced viscosity during filling. As a result, the metal can flow more easily through thin 

sections and complex geometries without requiring higher filling pressure. In contrast, the increased 

alloying content in 18 karat gold slightly restricts metal flow, leading to higher resistance and 

consequently higher local filling pressures during the casting process. Also, there is no different between 

18 and 22 karat in Niyama factor.  
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Figure 9. Contour of pressure for 22 karat alloy.  

 

Figure 10. Niyama factor in 22 karat alloy.  

 

Effect of Temperature 

It is obvious that according to the results of Figure 11, with increasing temperature, the temperature range 

has changed and has increased to 1050 degrees in 22 karat gold. However, according to Figure 12, the 

notable point is the decrease in cold shuts with increasing temperature. The decrease in cold shut values 

in the 22 karat gold alloy from 0.1429 at 1022 ˚C to 0.1040 at 1050 ˚C is mainly due to the improvement 

in molten metal fluidity at higher casting temperatures. As the temperature increases, the viscosity of the 

molten gold decreases, allowing the metal to flow more smoothly and continuously through the mold 

cavity before solidification occurs. Higher temperature also delays premature cooling at thin and intricate 

sections of the ring, enabling better fusion between converging metal streams. Consequently, the 

likelihood of incomplete bonding and cold shut formation is reduced. These results indicate that 
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increasing casting temperature enhances mold filling behavior and improves the overall casting quality 

of the 22 karat gold alloy. 

 

Figure 11. Counter fill of temperature for 1050 ˚C in 22 karat gold.  

 

Figure 12. Counter fill of cold shuts for 1050 ˚C in 22 karat gold.  

 

Figure 13 shows the results of the Niyama factor for 22 karat gold in 1050 °C. The Niyama factor 

increased in this case because the higher casting temperature improved the thermal conditions during 

solidification. When the temperature increased from 1022 °C to 1050 °C, the molten 22 karat gold 

remained liquid for a longer time, producing a more stable temperature gradient and slower cooling rate 

during solidification. Since the Niyama factor is related to the ratio between the temperature gradient and 

the cooling rate, improved feeding conditions and delayed solidification led to higher Niyama values. 
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This indicates a lower tendency for shrinkage porosity formation and better overall solidification 

behavior in the casting process. 

Finally, the results showed that with increasing temperature, the volume of macro-porosities decreases 

by about 4.4%.In the 22 karat gold alloy, the macro porosity volume decreased by 4.4% at higher 

temperature because the molten metal had better fluidity and remained liquid longer during solidification. 

This improved feeding behavior reduced shrinkage void formation and promoted more uniform 

solidification, resulting in lower macro porosity defects and better casting quality. 

 

Figure 13. Niyama factor in 1050 ˚C for 22 karat gold.  
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Figure 14. Effect of Temperature on Macro porosity in 22 karat gold. a) 1022 ˚C, b) 1050 ˚C. 

 

Thermo-physical Properties of the Gold Alloy 

In the numerical simulation, the thermo-physical properties of the gold alloy were defined based on 

literature data for Au-based jewelry alloys commonly used in casting and manufacturing applications. 

The material properties included density, melting temperature, thermal conductivity, specific heat 

capacity, and thermal expansion coefficient, since these parameters significantly influence heat transfer, 

solidification behavior, and dimensional accuracy during the simulation process. The gold alloy was 

modeled using the following representative properties: density of approximately 19.3 g/cm³, melting 

temperature of 1064 °C, thermal conductivity of 318 W/m·K, specific heat capacity of 129 J/kg·K, and 

thermal expansion coefficient of 14.2 × 10⁻⁶ K⁻¹. These values were selected from established materials 

science references and thermo-physical property databases for gold and Au-based alloys. The use of 

accurate thermo-physical parameters is essential in software-based manufacturing simulation because 

thermal conductivity and specific heat directly affect cooling rates and temperature distribution, while 

density and thermal expansion influence shrinkage prediction and dimensional stability during jewelry 

casting and solidification [15-17]. 

It is noteworthy that serious attention has not been paid to jewelry casting simulation so far, because 

perhaps there is less need for it. However, the present study has addressed this issue. On the other hand, 
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it should be noted that the results of some other studies on casting simulation have shown that simulation 

can play an effective role in increasing the quality of manufactured parts, reducing energy consumption 

and saving energy [18-20], which is one of the strengths of this study and similar studies. 

 

4. Conclusions 

This study demonstrates that software-based casting simulation is an effective and reliable approach for 

improving the design and manufacturing performance of gold jewelry casting. Through the analysis of 

contour fill pressure, cold shut formation, macro porosity, and Niyama factor distribution in a cast gold 

ring, the simulation provided detailed insight into molten metal flow behavior and solidification 

characteristics during the casting process. The results revealed that pressure distribution within the mold 

cavity was highly non-uniform, ranging from 0.138 to 1.26 MPa, which significantly influenced mold 

filling quality and defect formation. Thin and intricate sections of the ring experienced lower fill 

pressures and rapid heat loss, making these regions more susceptible to incomplete filling and cold shut 

defects. 

The simulation results also confirmed that cold shut formation is strongly affected by premature 

solidification, interrupted metal flow, improper sprue placement, and variations in ring geometry and 

section thickness. Comparison between 18 karat and 22 karat gold alloys showed that the 22 karat alloy 

produced slightly lower cold shut values because its higher gold content improved molten metal fluidity 

and reduced flow resistance during mold filling. In addition, increasing the casting temperature of the 22 

karat alloy from 1022 °C to 1050 °C significantly improved casting performance. The cold shut value 

decreased from 0.1429 to 0.1040, while macro porosity volume decreased by 4.4% due to improved 

feeding behavior and delayed solidification. Higher casting temperature also increased the Niyama 

factor, indicating more stable thermal gradients and lower shrinkage porosity tendency during 

solidification. 

The Niyama factor values, ranging from 0.0064 to 0.32 (°C·s)^0.5·mm^-1, demonstrated non-uniform 

solidification behavior throughout the casting. Regions with low Niyama values corresponded to areas 

with a higher probability of shrinkage porosity because of inadequate feeding conditions and unfavorable 

cooling behavior. These findings confirm that both thermal and flow-related parameters play a critical 

role in determining casting quality in gold jewelry manufacturing. Overall, the study confirms that 

casting simulation technology is a powerful engineering tool for predicting casting defects and 

optimizing process parameters before physical production. The integration of simulation into jewelry 

design and manufacturing enables better control of metal flow, solidification, and feeding behavior, 

leading to improved product quality, reduced material waste, lower production costs, and enhanced 

manufacturing efficiency. Furthermore, optimization of casting temperature, sprue design, and section 

thickness can significantly improve directional solidification and minimize casting defects. Therefore, 

software simulation represents an important step toward more advanced, sustainable, and precision-

oriented jewelry manufacturing systems. 
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