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ABSTRACT

The thermal analysis of multi-cavity molding machines is a critical aspect in optimizing their performance and ensuring high-quality production. In this research
paper, we present a comprehensive study on the thermal behavior of multi-cavity molding machines, focusing on understanding the thermal distribution within the
mold and its impact on the molding process.

The objective of this study is to investigate the temperature variations within the multi-cavity mold during the injection molding process. We employ advanced
numerical simulation techniques, specifically finite element analysis (FEA), to model and analyze the thermal behavior of the mold. Through the simulation, we
account for various factors that affect thermal distribution, such as the material properties, mold design, cooling system, and processing parameters. Our analysis
reveals significant temperature variations across different cavities of the mold, which can lead to variations in part quality and dimensional accuracy. The cooling
system design and placement play a crucial role in minimizing these temperature variations and ensuring uniform cooling rates across all cavities. Moreover, we
investigate the effect of different cooling strategies, such as conformal cooling, on the overall thermal performance of the multi-cavity molding machine.

Additionally, we explore the impact of processing parameters, including injection velocity, melt temperature, and packing pressure, on the thermal behavior of the
mold. By varying these parameters, we assess their influence on the temperature distribution within the mold and the subsequent effect on part quality and cycle
time.

Keywords- thermal analysis, multi-cavity molding machine, finite element analysis, temperature distribution, cooling system, process optimization, part
quality.

1. INTRODUCTION

Injection molding is a widely employed manufacturing process that enables the production of high-quality plastic components with intricate geometries.
To enhance production efficiency and output, multi-cavity molding machines, which incorporate multiple molds within a single machine, are commonly
utilized. However, the thermal behavior of these machines significantly impacts the attainment of consistent part quality, dimensional accuracy, and cycle
time.

During the injection molding process, the temperature distribution within the mold plays a critical role in determining the final product's quality and
performance. Non-uniform cooling rates across different mold cavities can lead to variations in part dimensions, warping, and internal stresses. These
temperature discrepancies can also result in uneven material flow and insufficient filling, resulting in defects such as voids, sink marks, and short shots.
Achieving optimal thermal performance in multi-cavity molding machines necessitates a comprehensive understanding of the mold's thermal behavior.
Traditional approaches to analyze thermal behavior, including physical testing and prototyping, are time-consuming, expensive, and often insufficient in
providing detailed insights. Consequently, numerical simulation techniques like finite element analysis (FEA) offer a powerful tool for modeling and
analyzing the mold's thermal characteristics.

This dissertation aims to conduct an extensive thermal analysis of multi-cavity molding machines, focusing on comprehending the temperature
distribution within the mold and its influence on the molding process. By employing advanced numerical simulation techniques, the study seeks to
investigate the factors that affect thermal distribution, including material properties, mold design, cooling systems, and processing parameters. Through
the simulation process, the dissertation will analyze and quantify temperature variations across different mold cavities. By identifying the key contributors
to these variations, such as cooling system design and placement, the research intends to propose strategies for minimizing temperature gradients and
ensuring uniform cooling rates throughout all cavities.

Furthermore, the dissertation will explore the impact of various processing parameters—such as injection velocity, melt temperature, and packing
pressure—on the mold's thermal behavior. By systematically varying these parameters, the study will assess their influence on temperature distribution
within the mold and examine their correlation with part quality, dimensional accuracy, and cycle time.
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The findings of this research will provide valuable insights to mold designers, process engineers, and manufacturers seeking to optimize the thermal
performance of multi-cavity molding machines. By comprehending the mold's thermal behavior and implementing effective cooling strategies,
manufacturers can enhance part quality, reduce cycle time, minimize scrap rates, and improve overall production efficiency. Ultimately, this dissertation
aims to contribute to the advancement of multi-cavity molding machines in the plastic manufacturing industry.

2. PROBLEM IDENTIFICATION

The thermal behavior of multi-cavity molding machines is a critical factor that directly affects the quality and efficiency of the injection molding process.
However, there are several challenges and issues associated with the thermal analysis of these machines that need to be addressed. Addressing these
challenges and issues is essential to optimize the thermal performance of multi-cavity molding machines. By gaining a detailed understanding of
temperature distribution, minimizing variations, optimizing cooling systems, and controlling processing parameters, manufacturers can improve part
quality, reduce cycle time, and increase overall production efficiency.

3. OBJECTIVES

The objectives of the dissertation on thermal analysis of multi-cavity molding machines are as follows:

=  To investigate the temperature distribution within the multi-cavity mold during the injection molding process. This involves analysing and
quantifying the temperature variations across different cavities of the mold.

= To identify the key factors that contribute to temperature variations within the mold, including material properties, mold design, cooling
system, and processing parameters.

= To propose strategies for minimizing temperature gradients and ensuring uniform cooling rates across all cavities of the mold. This includes
optimizing the design and placement of cooling systems within the mold.

= To assess the impact of different cooling strategies, such as conformal cooling, on the overall thermal performance of multi-cavity molding
machines.

= To explore the influence of processing parameters, including injection velocity, melt temperature, and packing pressure, on the thermal
behaviour of the mold. This involves systematically varying these parameters and studying their effects on temperature distribution, part
quality, dimensional accuracy, and cycle time.
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4. METHODOLOGY

The methodology combines numerical simulations, parametric studies, and data analysis to gain a comprehensive understanding of the thermal

behavior of multi-cavity molding machines.
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Figure 4-1: Multi Cavity mold with Polygon profile cooling channel
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Figure 4-2: Polygon Profile cooling channel with multi cavity mold

M 27.36MPa FLOWIPressure ot End of il
010 Type: Sck - Tetranec My
Bt : 5678507
P Node: 1004335
73 Meater: 2BS
Product . P) Generic motaris | Genaric mataris of ADS
Configurstion Dt [ Pstc Pt Sulstion |
2a
1648
Moo
4
585
i
010
W 21 02 PLOWY Tompacatirn ot of P&
0 65.30°C Type: 5ol - Tetraheare Hybeid
7650
® Node 104336
e Material - ABS
Product (7} Generi: mateeinl { Garawic matar of ABS™
Confipration : Dataut | Fasto Pat Simukeiond |
19789
18476
e

6639

Figure 4-4: Pressure at The end of the fill
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6. CONCLUSION

The dissertation on the thermal analysis of multi-cavity molding machines has provided valuable insights into understanding and optimizing the thermal
behavior of these machines. The research has identified that temperature variations within the mold can have a significant impact on part quality,
dimensional accuracy, and cycle time. Non-uniform cooling rates across different mold cavities can lead to variations in part dimensions, warpage, and
internal stresses. By investigating the factors contributing to temperature variations, such as material properties, mold design, cooling system
configuration, and processing parameters, strategies have been proposed to minimize temperature gradients and ensure uniform cooling rates across all
cavities. Furthermore, the impact of processing parameters, such as injection velocity, melt temperature, and packing pressure, on the thermal behavior
of the mold has been investigated. By varying these parameters and analyzing their influence on temperature distribution, correlations have been identified
between processing parameters and part quality, dimensional accuracy, and cycle time. This information can guide process optimization and control for
improved production efficiency.

7. REFERENCES

1. Rosato, D.V.,Rosato, M.G., Injection moulding handbook. 3rd ed. 2019, Boston: Kluwer Academic Publishers.

2. lyer, N.,Ramani, K., A study of localized shrinkage in injection molding with high thermal conductivity molds. Journal of Injection Molding
Technology, 2020. 6(2): p. 73- 90.

3. Shoemaker, J., Moldflow Design Guide. 1st ed. 2016, Munich Hanser

4. Dimla, D.E., Camilotto, M.,Miani, F., Design and optimisation of conformal cooling channels in injection moulding tools. Journal of Materials
Processing Technology, 2015. 164-165: p. 1294-1300.

5. Wylinis, E.M., Production of injection moulding tooling with conformal cooling channels using three dimensional printing process. MS Thesis.
2015, USA: MIT.

6. Saifullah, A.B.M.,Masood, S.H., Optimum cooling channels design and thermal analysis of an injection moulded plastic part mould. Materials
Science Forum, 2017. 561-565: p. 1999-2002.

7. Menges, G., Michaeli, W.,Mohren, P., How to make injection mould. 3rd ed. 2020, Munich: Hanser Publishers.

8. Ho, JK.L, Chu, K.F.,Mok, C.K., Minimizing manufacturing costs for thin injection molded plastic components. International Journal of
Advanced Manufacturing Technology, 2015. 26(5-6): p. 517-526.

9. Huang, M.C.,Tai, C., The effective factors in the warpage problem of an injection- molded part with a thin shell feature. Journal of Materials
Processing Technology, 2011. 110(1):

10. Saifullah, A.B.M., Masood, S.H.,Sbarski, 1., Finite Element Analysis of Bi metallic Conformal Cooling for Injection Mould. Submitted to
Materials and Design.Oct. 2010.

11. Choi, J.,Hua, Y., Dimensional and material characteristics of direct deposited H13 tool steel by CO2 laser. Journal of Laser Applications,
2004. 16(4): p. 245-251.

12. Fuh, J.Y.H,, Zhang, Y.F., Nee, A.Y.C.,Fu, M.W., Computer —aided injection mold design and manufacturing. 2006: Marcel Dekker, NY,
USA.

13. Groover, P.,Zimmers, E.W., CAD/CAM: Computer-Aided Design and Manufacturing. 1984: Prentice/Hall Int. Inc USA.

14. Au, KM, Yu, K.M., A scaffolding architecture for conformal cooling design in rapid plastic injection moulding. International Journal of
Advanced Manufacturing Technology, 2007. 34(5-6): p. 496-515.

15. Shambley, W., From RP to AM: A review of prototyping methods. , Metal Casting Design and Purchasing. 2010. p. 34-37.



