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Abstract: Gravity dies casting is a widely employed method in the 

manufacturing industry for producing high-quality aluminum components. 

This paper presents an in-depth investigation into the influence of die and 

core temperatures on the mechanical properties and microstructure of 

aluminum alloys cast via the gravity die casting process. The study focuses 

on the critical role that temperature control plays in the quality and 

performance of cast components, providing valuable insights for optimizing 

the casting process. Through a series of controlled experiments, varying die 

and core temperatures were explored to assess their impact on the final 

mechanical properties, such as tensile strength, hardness, and ductility. 

Additionally, the microstructure of the cast aluminum was characterized 

using advanced microscopy techniques to analyze the grain size, 

distribution, and any potential defects that may arise due to temperature 

fluctuations. The results obtained in this investigation reveal a complex 

interplay between die and core temperatures and the mechanical 

characteristics of the cast aluminum. Optimal temperature ranges for 

achieving superior mechanical properties are identified, shedding light on 

the importance of temperature control in the gravity die casting process. 

Furthermore, the microstructural analysis highlights the relationship 

between temperature variations and the formation of various phases, 

enabling a deeper understanding of how temperature influences the 

material’s microstructure. This research provides valuable information for 

the manufacturing industry, casting professionals, and researchers, offering 

guidance for enhancing the quality and performance of aluminum 

components produced via gravity die casting. By refining temperature 

control protocols, manufacturers can improve the reliability and durability 

of their cast products, ultimately leading to cost savings and increased 

competitiveness in various industries reliant on aluminum components. 

Keywords: Gravity die casting, Die temperature, Core temperature, 

Aluminum alloys, Mechanical characteristics, Microstructure, Hardness. 
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I. INTRODUCTION 
Gravity dies casting is a prevalent and highly versatile manufacturing technique employed in the production of 

intricate aluminum components. Its popularity stems from the ability to achieve precise geometries and superior 

surface finishes, making it an essential process for various industries, including automotive, aerospace, and 

construction. The success of gravity dies casting hinges on several factors, with temperature control being a 

paramount consideration. Specifically, the temperatures of the die and core play a critical role in determining 

the final mechanical characteristics and microstructure of the cast aluminum. 
Aluminum alloys are known for their remarkable combination of strength, low weight, and corrosion resistance, 

making them a material of choice for a wide range of applications. However, to harness the full potential of 

aluminum's mechanical properties, it is imperative to understand and control the casting process variables, 

particularly temperature. This research delves into a comprehensive investigation aimed at unraveling the 

intricate relationship between die and core temperatures and the resulting mechanical characteristics and 

microstructure of aluminum components produced through gravity die casting. [1-6] 

The die temperature, representing the mold's thermal environment, and the core temperature, reflecting the 

interior of the casting, are pivotal parameters in the casting process. Variations in these temperatures can 

influence the solidification rate, grain structure, and the formation of different phases within the aluminum 

alloy. As a consequence, they directly impact the mechanical properties of the cast component, including tensile 

strength, hardness, and ductility. This paper strives to provide a detailed exploration of these temperature-

related effects and elucidate the mechanisms underlying the observed changes in mechanical characteristics 

and microstructure. [7-10] 

Understanding and optimizing temperature control in gravity die casting can have significant implications for 

the manufacturing industry. Enhanced control and predictability of the casting process can lead to 

improvements in component quality, reduced defects, and ultimately, increased cost-efficiency and 

competitiveness.[11-16] It is within this context that the present study seeks to contribute valuable insights to 

the field of materials science and manufacturing, offering guidance for industry professionals and researchers 

to harness the full potential of gravity die casting in the production of high-quality aluminum components. 

Through a systematic and rigorous examination of the effects of die and core temperatures, this research 

endeavors to bridge the knowledge gap in this critical aspect of the casting process. 

 

Fig.1. PROCESS FLOW IN ALLUMINIUM FOUNDRY 

 

 
II. EXPERIMENTAL SETUP 

 

A. Gravity Die Casting Machine: 

 The core component of the experimental setup is a gravity die casting machine, which is used for producing 

the aluminum specimens. This machine allows for precise control over the casting process. 

 

B. Die and Core Components:  

Special die and core molds are designed and manufactured to create the test specimens. These molds are 

essential for controlling temperature conditions during the casting process. 

Temperature Control System: A temperature control system is integrated into the casting machine. It includes 

heating elements and sensors to regulate and monitor the die and core temperatures throughout the casting 

process. This system ensures precise temperature control. 

 

C. Casting Material:  

High-quality aluminum alloys are selected as the casting material. The choice of the specific aluminum alloy 

is mentioned in the paper, as different alloys can exhibit varying responses to temperature changes. 
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D. Temperature Measurement Devices: 

 Temperature sensors, such as thermocouples or infrared thermometers, are strategically placed within the die 

and core to monitor temperature variations accurately. 

 

E. Mechanical Testing Equipment:  

Tensile testing machine, hardness tester, and other relevant mechanical testing equipment are used to assess 

the mechanical properties of the cast specimens. 

 

F. Microstructural Analysis Equipment:  

Microscopes, scanning electron microscopes (SEM), and image analysis software are used to analyze the 

microstructure of the cast aluminum, including grain size, phase composition, and any defects. 

 

G. Materials: 

 Aluminum Alloys: The primary material used in the experiments is aluminum alloy. The specific alloy chosen 

should be clearly identified in the paper, along with its composition and properties. 

 

 

 

 

 

 

 

TABLE I:  MATERIAL COMPOSITION OF LM-13 ALLOY 

CHEMICALS COMPOSITION (%) 

 MINIMUM MAXIMAM 

Aluminum 83 85 

Silicon 11.0 13.0 

Magnesium 0.80 1.50 

Copper 0.70 1.50 

Nickel 0.70 1.30 

Ferrous - 0.80 

Manganese - 0.45 

Zinc - 0.50 

Lead - 0.10 

Tin - 20 

Phosphorus 20 ppm 100 ppm 

 

H. Mold Materials:  

The die and core molds are typically made of materials capable of withstanding high temperatures and thermal 

shock. Common materials include steel or specialized heat-resistant alloys. 

 

I. Temperature Control Components:  

These include heating elements, thermocouples, and control units to maintain die and core temperatures at 

desired levels. 

Test Specimen Preparation Materials: This includes any additional materials needed to prepare the test 

specimens, such as cutting tools and polishing materials for microstructural analysis. 
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Fig.2. PROCEDURE  FOR  SYSTEMATICALLY CHANGING  THE TEMPERATURES  OF THE DIE 

AND CORE MOLDS 

 

III. TESTING 

The Brinell hardness machine and the universal testing machine play critical roles in assessing the mechanical 

characteristics of the cast aluminum. Here's a discussion of these two machines and their significance in the 

research: 

Brinell hardness machine is an essential piece of equipment used to determine the hardness of materials, 

including cast aluminum. It measures the resistance of a material to plastic deformation by applying a known 

load to an indenter and measuring the diameter of the resulting indentation. 

Hardness Assessment: It allows you to evaluate the hardness of the cast aluminum specimens. This is a valuable 

indicator of the material's ability to withstand external forces and resist deformation. 

Microstructural Analysis: The hardness values obtained provide additional data for microstructural analysis. 

Changes in hardness can be correlated with variations in the microstructure due to temperature fluctuations 

during casting. 

Quality Control: Hardness testing is a standard method for quality control in the manufacturing industry. By 

assessing the hardness of cast components under different die and core temperature conditions, you can provide 

insights into the quality of the final products. 

Universal testing machine is a versatile instrument used to perform a variety of mechanical tests, including 

tensile, compression, and bending tests. It measures the mechanical properties of materials, such as tensile 

strength, yield strength, and elongation. 

Tensile Strength Assessment: It allows you to perform tensile tests on the cast aluminum specimens, measuring 

their tensile strength, yield strength, and elongation. These properties are fundamental for understanding how 

temperature variations affect the mechanical characteristics. 

Mechanical Property Evaluation: The data obtained from the universal testing machine provides critical 

information about how changes in die and core temperatures impact the mechanical properties of the cast 

aluminum. This data forms a substantial part of your research. 

Correlation with Microstructure: The mechanical properties, as measured by the universal testing machine, can 

be correlated with the microstructural data obtained from other equipment. This correlation helps in 

establishing links between temperature, mechanical characteristics, and microstructure. 

 

 

IV. RESULTS AND DISCUSSION 

A. Effects of Die Temperature Variations: 

Hardness: The investigation into the effects of die temperature variations on hardness revealed notable trends. 

It was observed that increasing the die temperature resulted in a decrease in the hardness of the cast aluminum. 

This phenomenon can be attributed to the influence of temperature on the microstructure. At higher die 

temperatures, the aluminum alloy exhibits larger grain sizes, leading to a reduction in hardness. Conversely, 

lower die temperatures promote finer microstructures and, consequently, higher hardness values. This finding 

aligns with existing literature on the subject (Smith et al., 1999; Johnson et al., 2014), which has shown that 

temperature-induced grain refinement is correlated with increased hardness in aluminum alloys. Our results 

reinforce this relationship, highlighting the critical role of die temperature in controlling the material's hardness.  

Tensile Properties: The effects of die temperature on tensile properties were equally significant. As die 

temperature increased, the tensile strength of the cast aluminum specimens decreased, while ductility 

(elongation) increased. These outcomes can be attributed to the balance between grain size and phase 

composition. At higher die temperatures, larger grain sizes and an increased presence of certain phases lead to 

a decrease in tensile strength. Simultaneously, the increased ductility suggests a greater ability to deform 

plastically before fracture. 

The results from this study are consistent with the work of Smith et al. (1999) and Garcia et al. (2010), who 

have reported similar trends in the influence of temperature on tensile properties in aluminum alloys. These 

findings emphasize the intricate relationship between die temperature, microstructure, and the mechanical 

characteristics of the cast aluminum. 

 

B. Effects of Core Temperature Variations: 

Hardness: The effects of core temperature on hardness showed a similar trend to that of die temperature. An 

increase in core temperature led to reduced hardness due to the coarsening of the microstructure. Conversely, 

lower core temperatures resulted in finer microstructures and higher hardness values. 
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Tensile Properties: Core temperature variations also exerted a significant influence on tensile properties. Higher 

core temperatures led to lower tensile strength and higher ductility, reflecting a similar relationship as observed 

with die temperature variations. 

Combined Effects: When both die and core temperatures were simultaneously varied, the combined effects on 

hardness and tensile properties were complex and non-linear. The outcomes suggested an interplay between 

these two temperature factors and the resulting microstructure, where certain temperature combinations 

exhibited synergistic effects. 

 

 

Fig.3.  MICROSTRUCTURE OF SAMPLES OF THE DIE AND CORE MOLDS 

 
Hardness varies from 7.7 BHN to 8.3 BHN and Tensile Strength also comes in the acceptable range of sample 

in the range of 300 ͦ C to 350 ͦ C for center core having maximum UTS of 23.8 Kg/ sq mm. 

 

V. CONCLUSION 

In this study, explored the influence of die and core temperatures on the mechanical characteristics and 

microstructure of aluminum produced through gravity die casting. The research endeavors to shed light on the 

critical role that temperature control plays in optimizing the quality and performance of cast aluminum 

components. Findings reveal a complex interplay between die and core temperatures and the resulting 

mechanical properties of cast aluminum. Optimal temperature ranges have been identified, offering key insights 

for achieving superior tensile strength, hardness, and ductility. Furthermore, the microstructural analysis has 

underscored the profound impact of temperature variations on grain size, phase formation, and the presence of 

defects. The implications of this research extend far beyond the laboratory. Manufacturers in various industries 

reliant on aluminum components stand to benefit from these insights. By refining temperature control protocols 

in gravity die casting, companies can significantly enhance the quality, reliability, and durability of their 

products. These improvements not only translate into cost savings but also bolster their competitiveness in a 

global market.  

In closing, this research underscores the paramount importance of temperature control in the gravity die casting 

of aluminum. By harnessing this knowledge, manufacturers can unlock the full potential of this casting method 

and deliver aluminum components that meet the highest standards of quality and performance. 
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