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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)*3-mm’!, 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/s?) 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.

5311
nt Fill of COLD SHUTS (degC

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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f PRESSURES (Pa).

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)*3.mm!, 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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Il of NIYAMA ((C*s)**0.5/mm).

Figure 6. Niyama Factor results (Max value is 0.32 (°C.s)*>.mm™).

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.
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1019.5
1019.2
1018.8
step 0.005311
Contour Fill of TEMPERATURE (degC)

Figure 7. Contour fill of temperature for 22 karat gold after casting simulation (between 1018.8 and
1022 °C).

COLD SHUTS (degC)

step 0.005311
Contour Fill of COLD SHUTS (degC)

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.

of NIYAMA ((C*s)**0.5/mm)

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.

Y

step 0.0053109
Contour Fill of TEMPERATURE (degC)

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

COLD SHUTS (degC)

0.0011557
0

step 0.0053109

Contour Fill of COLD SHUTS (degC).

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.

10
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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.

of NIYAMA ((C*s)**0.5/mm).

Figure 13. Niyama factor in 1050 °C for 22 karat gold.

11
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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/cm?, 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 x 1076 K™'. 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,

12
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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.

13



.O.e Journal of

Oa ¥ JMIS, 2026, Vol. 1, No. 1
‘ ms MANUFACTURING https://doi.org/10.71350/jmis.4

® AND INTELLIGENT SYSTEMS

Declaration of Conflict Interest
The authors declare that they have no conflicts of interest.
Data Availability

The data support the findings of this study are available from the corresponding author upon reasonable
request.

References

[1] Dauriz, L., Remy, N., & Tochtermann, T. (2014). A multifaceted future: The jewelry industry in
2020. McKinsey & Company. http://www.mckinsey.com/industries/retail/our-
insights/amultifaceted-future-the-jewelry-industry-in-2020

[2] Karo, M. (1968). The US jewelry industry. Financial Analysts Journal, 24(2), 49-56.
https://doi.org/10.2307/4470291

[3] Tofail, S. A., Koumoulos, E. P., Bandyopadhyay, A., Bose, S., O’Donoghue, L., & Charitidis, C.
(2018). Additive manufacturing: Scientific and technological challenges, market uptake and
opportunities. Materials Today, 21(1), 22—37. https://doi.org/10.1016/j.mattod.2017.07.001

[4] Kumar, S., Gopi, T., Harikeerthana, N., Gupta, M. K., Gaur, V., Krolczyk, G. M., & Wu, C. (2023).
Machine learning techniques in additive manufacturing: A state of the art review on design,
processes and production control. Journal of Intelligent Manufacturing, 34(1), 21-55.
https://doi.org/10.1007/s10845-022-02032-1

[5] Ashby, M. F., & Johnson, K. (2013). Materials and design: The art and science of material selection
in product design (3rd ed.). Butterworth-Heinemann

[6] Tan, Q., & Li, H. (2024). Application of computer aided design in product innovation and
development: Practical examination on taking the industrial design process. IEEE Access, 12,
85622-85634. https://doi.org/10.1109/ACCESS.2024.3444007

[7] Bi, Z., & Wang, X. (2020). Computer aided design and manufacturing. John Wiley & Sons

[8] Supsomboon, S. (2019). Simulation for jewelry production process improvement using line
balancing: A case study. Management Systems in Production Engineering, 27(3), 127-137.
https://doi.org/10.1515/mspe-2019-0021

[9] Fischer-Biihner, J. (2006, September). Computer simulation of jewelry investment casting: What can
we expect? [Conference presentation]. The Santa Fe Symposium on Jewelry Manufacturing
Technology 2006, Santa Fe, NM, United States

14



.O.e Journal of

Oa ¥ JMIS, 2026, Vol. 1, No. 1
‘ ms MANUFACTURING https://doi.org/10.71350/jmis.4

® AND INTELLIGENT SYSTEMS

[10] Abdel-Rahman, A. A. R., Sabry, A. M., & Abd al-Nabi, S. M. (2025). Simulation of jewelry forming
processes using smart materials. International Design Journal, 15(1), 47-57.
https://doi.org/10.21608/1dj.2025.334455

[11] Seth, A., Vance, J. M., & Oliver, J. H. (2011). Virtual reality for assembly methods prototyping: A
review. Virtual Reality, 15(1), 5-20. https://doi.org/10.1007/s10055-009-0143-y

[12] Jain, N., Carlson, K. D., & Beckermann, C. (2007). Round robin study to assess variations in casting
simulation Niyama criterion predictions [Paper presentation]. 61st SFSA Technical and
Operating Conference, Chicago, IL, United States

[13] Khaled, I. (2013). Prediction of shrinkage porosity in Ti-46AI-8Nb tilt-casting using the Niyama
criterion function. International Journal of  Metalcasting, 7(4), 35-42.
https://doi.org/10.1007/BF03355562

[14] Ashkani, O., Kamali, A. H., Sadeq, A. M., Neyestanaki, S. T., & Jordovic, B. (2025). Casting of
valve housing with aluminum alloy, competition between simulation and actual prototype
manufacturing. Transactions of the Indian Institute of Metals, 78(12), 270-279.
https://doi.org/10.1007/s12666-024-03456-

[15] Kunter, R. (2001). Gold: Alloying, properties, and applications. In K. H. J. Buschow, R. W. Cahn,
M. C. Flemings, B. Ilschner, E. J. Kramer, S. Mahajan, & P. Veyssiere (Eds.), Encyclopedia of
materials: Science and technology (pp. 3593-3596). Elsevier

[16] Valencia, J. J., & Quested, P. N. (2008). Thermophysical properties. In ASM Handbook: Casting
(Vol. 15, pp. 468—481). ASM International

[17] Tijana, A., Valentina, V., Natasa, T., Milos, H. M., Suzana, G. A., Milica, B., ... & Rebeka, R.
(2021). Mechanical properties of new denture base material modified with gold nanoparticles.
Journal of Prosthodontic Research, 65(2), 155-161. https://doi.org/10.2186/jpr.JPOR 2019 40

[18] Lifeng, D., Chukun, Q., Linhua, Z., Qiang, L., Peiyu, G., Jinhao, N., & Hongmei, D. (2025).
Simulation of electroplating process and influence mechanism for repairing inner and outer
surfaces of a gold cup based on COMSOL multiphysics. Results in Engineering, 25, Article
106691. https://doi.org/10.1016/j.rineng.2024.106691

[19] Pei, X., Hou, H., & Zhao, Y. (2025). A review of intelligent design and optimization of metal casting
processes.  Acta  Metallurgica  Sinica  (English  Letters), 38(8), 1293-1311.
https://doi.org/10.1007/s40195-024-01712-w

[20] Yang, J., Liu, B., Shu, D., Yang, Q., & Hu, T. (2025). Local stress/strain field analysis of die-casting
Al alloys via 3D model simulation with realistic defect distribution and RVE modelling.
Engineering Failure Analysis, 168, Article 109104.
https://doi.org/10.1016/j.engfailanal.2024.109104

15



