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Abstract. AISI 1045 steel has significant potential as an alternative 
material for excavator track shoe components outstanding to the situation 
favorable automatic belongings, wide accessibility, and charge efficiency. 
This study investigates the things of extinction and tempering processes on 
the microstructure, inflexibility, and wear resistance of AISI 1045 
strengthen. The quenching treatment was performed at 850°C with property 
times of 30 and 60 min using water as the cooling medium, followed by 
tempering at 250°C for 30 and 60 min. Material characterization included 

chemical composition analysis, microstructural observation, Vickers 
hardness testing, and wear resistance testing. The results revealed that the 
quenching process significantly increased hardness unpaid toward the 
construction of a martensitic microstructure. The highest inflexibility value 
of 669 HVN was obtained after quenching with a field time of 60 min. 
Subsequent tempering transformed martensite into tempered martensite, 
resulting in a slight decrease in hardness while improving microstructural 
stability and toughness. Wear test outcomes verified that quenching reduced 

the costume degree and improved wear resistance. The lowest wear rate of 
3.18 × 10⁻⁷ mm³/mm was achieved in the specimen quenched for 60 min. 
Overall, the results indicate that the combination of quenching and 
tempering treatments significantly enhances the mechanical performance of 
AISI 1045 steel, making it a promising alternative material for excavator 
track shoe applications. 

1 Introduction 

Toughen is one of the greatest generally used metal ingredients in industrial submissions, 

including the automotive, mining, construction, and manufacturing sectors. Steel possesses 

outstanding powered belongings such as strength, durability, inflexibility, and costume fight, 

making it highly suitable for heavy equipment components, particularly excavator 

undercarriage components such as track shoes. In practical applications, excavators play a 

significant role in the construction industry, mainly for excavation, loading, and material 
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transportation activities [1]. Excavators also operate under various ground conditions, 

causing the track shoe component to experience high frictional loads and severe wear. 

 Previous studies reported that 25CrMnB and 25MnB steels are commonly used as 

materials for track shoe components [2]. Testing results indicated that 25CrMnB steel 

exhibited a hardness value of 44.2 HRC, while 25MnB steel showed a hardness value of 43.1 

HRC. These values satisfy the standard requirements since, according to kim et al. [3], the 

hardness value for track shoes should exceed 32 HRC or 303 HVN. Track shoe components 

require high strength and wear resistance because these properties significantly affect 
component service life [4].  This is highly important because undercarriage replacement costs 

account for up to 50% of the total operational and maintenance costs of excavators [5]. 

Nurjanah et al. [6] reported that track shoe failure is one of the primary causes of excavator 

undercarriage failure, significantly affecting excavator performance. 

 Materials with excellent mechanical properties for track shoe applications generally have 

relatively high costs; therefore, alternative materials are required for cost-efficiency 

purposes. One potential alternative material is AISI 1045 steel. This steel is classified as 

medium-carbon steel whose motorized assets can be suggestively improved through warmth 
conduct procedures. An appropriate combination of quenching and tempering treatments can 

produce materials with excellent strength, durability, inflexibility, and costume fight, making 

them suitable aimed at track shoe applications. In addition, AISI 1045 steel has also been 

utilized as a material for heavy equipment undercarriage pin components [7]. Due to its 

favorable mechanical properties, wide availability, and excellent heat-treatment capability, 

AISI 1045 steel has strong potential as an alternative material for track shoe components. 

 Warmth conduct is one of the maximum effective approaches aimed at modifying the 

motorized assets of metals, such as strength, durability, inflexibility, and costume fight, to 
meet specific engineering requirements [8]. Quenching is a heat treatment process involving 

rapid cooling to enhance the strength, durability, inflexibility, and costume fight of blade 

without altering its chemical composition [9]. During quenching, steel is heated to the 

austenitizing temperature followed by rapid cooling using a cooling medium, resulting in the 

formation of martensite, which provides high strength, hardness, and wear resistance [10]. 

However, quenched steel generally exhibits poor toughness; therefore, a subsequent 

tempering process is required. Moderating is a warmth conduct progression in which reduced 

blade is warmed to a fever beneath the inferior serious infection and formerly chilled at a 
controlled rate. The primary objective of tempering is to improve ductility and toughness 

while refining the steel matrix grain structure [9]. Through tempering, residual stresses 

caused by rapid cooling can be relieved while maintaining dimensional stability and 

achieving the desired mechanical properties.  

 Previous studies conducted by Valentino et al. [11] successfully improved the metier of 

S45C steel complete variations in warmth conduct conditions. The results showed that water-

quenched specimens exhibited on average inflexibility of 627.2 HV (56.6 HRC), while oil-

quenched specimens achieved 548.1 HV (52.1 HRC). After tempering, the hardness values 
decreased but still met design standards. The combination of quenching at 860°C shadowed 

in water chilling besides tempering at 550°C produced an optimum hardness value of 330 

HV (33.3 HRC). Suryo et al. [4] compared the properties of commercial track shoe materials 

with those subjected to water quenching treatment using AISI 1526 steel. The results showed 

that the commercial track shoe material exhibited a hardness value of 41 HRC, while the 

quenched material achieved 48.33 HRC. The wear rate of the commercial track shoe material 

was 4.02×10⁻⁵ mm³/mm, which was higher than that of the quenched material at 3.30×10⁻⁵ 

mm³/mm. In the present study, a combination of quenching and tempering treatments was 
applied to AISI 1045 steel. Subsequently, microstructural observations, hardness testing, and 

wear resistance testing were conducted. This study aims to obtain improved mechanical 
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properties so that AISI 1045 steel can be considered a potential alternative material for track 

shoe applications. 

2 Methods 

The quantifiable used hip this education was medium-carbon AISI 1045 blade in cylindrical 

form with dimensions of Ø30 mm × 17 mm. The quenching process was carried out at 850°C 

with holding times of 30 and 60 min. Demineralized water (distilled water) was used as the 

quenching medium. Subsequently, tempering was performed at 250°C for 30 and 60 min. 

Material characterization included chemical composition testing, microstructural 

observation, hardness testing, and wear resistance testing. The etching process was 
performed using 3% nitric acid (HNO3) solution. Chemical structure investigation was 

showed using Optical Emission Spectroscopy (OES). Inflexibility difficult remained 

performed by means of the Vickers method according toward ASTM E-92 standards with an 

FV-300E Hardness Tester under a load of 10 kgf. The costume behavior of the specimens 

remained evaluated by means of an Ogoshi High-Speed Universal Wear Testing Machine 

following the ASTM G99 standard [12]. Wear measurements were carried out at three 

different locations on each specimen with dimension of Ø30 × 17 mm to improve data 

reliability. The test parameters included a counterface ring thickness of 3 mm, a ring diameter 

of 30 mm, an applied load of 3.16 kg, a sliding coldness of 100 m, and a sliding speed of 1.97 

m/s. The chemical structure of AISI 1045 steel is accessible in Table 1. 

Table 1. Chemical composition of AISI 1045 steel 

 

3 Results and Discussion 

3.1 Microstructure 

Figure 1 shows the microstructure of AISI 1045 steel before heat treatment, revealing the 
presence of ferrite and pearlite phases. The ferrite segment seems as bright regions distributed 

throughout the matrix, while the pearlite segment appears as duskier lamellar regions [13]. 

 

Fig. 1. Microstructure of AISI 1045 Steel before heat treatment : (a) 100× and (b) 50× 

magnification. 
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Fig. 2. Microstructure of AISI 1045 Steel After Quenching for 30 Min (a–c) and 60 Min (d–f), 
Followed by Tempering at 250°C for 30 Min (b, e) besides 60 Min (c, f). 

 Figure 2a shows the microstructure of AISI 1045 steel after quenching by 850°C with a 

holding time of 30 min, while Figure 2d shows the microstructure after quenching at 850°C 

with a farm time of 60 min. Figures 2a and 2d indicate that the microstructure is 

predominantly collected of martensite with fine needle-like morphology distributed densely 

and randomly. This morphology is characteristic of martensitic structures formed due to rapid 

transformation from austenite during the quenching process. At a holding time of 60 min, the 

resulting microstructure was dominated by martensite with less retained austenite. A longer 
holding time allows more uniform carbon distribution within the austenite phase, resulting in 

more homogeneous martensite formation during rapid cooling [14]. 

 Figures 2(b, c, e, f) also show that the tempering process significantly alters the 

microstructure after quenching. The martensitic structure, which initially appeared sharp and 

dense, became less distinct and partially decomposed, indicating martensite relaxation. 

During this process, carbon trapped within the martensitic crystal lattice diffuses out and 

forms fine carbides (Fe₃C) within the ferrite matrix. Consequently, martensite transforms into 

tempered martensite with a more stable structure. 
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3.2 Mechanical Properties 

Figure 3 shows that untreated AISI 1045 steel exhibited a hardness value of 205.55 HVN. 

After the quenching process, the hardness increased significantly. The hardness values after 

quenching at 850°C for 30 and 60 min were 603 HVN and 669 HVN, respectively. This 

increase occurred because the relatively soft ferrite and pearlite phases transformed into hard 
martensite. 

 

Fig. 3. Effect of quenching and tempering treatment on hardness values. 

 After tempering, the hardness values decreased outstanding toward the reduction of 

internal remaining pressures besides partial transformation of martensite into acceptable 

ferrite phases. Although the hardness slightly decreased, the overall mechanical properties 

became more balanced in terms of hardness and toughness [12] 

 Overall, the quenching and tempering processes significantly influenced the motorized 
assets of AISI 1045 steel. Quenching caused a substantial intensification in inflexibility 

outstanding to the development of hard and brittle martensite, while tempering gradually 

reduced hardness and improved ductility and microstructural stability. Longer quenching 

holding times increased the tendency for complete martensite formation, thereby enhancing 

hardness. However, longer tempering holding times promoted more intensive carbon 

diffusion, resulting in the transformation of martensite into fine ferritic structures [15]. 

 Figure 4 shows the wear resistance values of AISI 1045 steel before and after warmth 

conduct. The quenching progression significantly reduced the wear rate, indicating improved 

wear resistance. Tempering slightly increased the wear rate, although the increase was not 

significant. Quenching with a holding time of 60 min produced a lower wear rate compared 

to quenching for 30 min. This occurred because longer holding times during quenching 
promoted more uniform martensite formation, thereby increasing hardness and wear 

resistance.  

 The raw material exhibited a wear rate of 5.51 × 10⁻⁷ mm³/mm. After quenching at 850°C 

for 30 min, the costume degree decreased to 4.47 × 10⁻⁷ mm³/mm. After tempering at 250°C 

for 30 min, the costume degree further decreased to 3.49 × 10⁻⁷ mm³/mm. AISI 1045 steel 

quenched at 850°C for 60 min exhibited a wear rate of 3.17 × 10⁻⁷ mm³/mm. After tempering 

at 250°C for 30 min, the wear rate increased slightly to 3.74 × 10⁻⁷ mm³/mm. Overall, the 

costume assessment results demonstrated that the costume rate was inversely proportional to 

hardness. 
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Fig. 4. Effect of quenching and tempering treatment on wear rate. 

4 Conclusion 

Founded on the untried outcomes and conversation, the resulting deductions can be haggard: 

The quenching process on AISI 1045 steel produced a martensitic structure with fine and 

dense needle-like morphology. Longer holding times during austenitization resulted in more 

homogeneous and compact martensitic structures. The tempering process transformed 

martensite into tempered martensite. Longer tempering durations promoted greater carbon 

diffusion from martensite besides the development of acceptable carbides inside the ferrite 

matrix. The quenching process significantly improved hardness due to the transformation of 
ferrite and pearlite phases interested in martensite. The hardness of AISI 1045 steel increased 

from 205.55 VHN to 603 VHN and 669 VHN after quenching at 850 °C for 30 and 60 min, 

respectively. In contrast, tempering reduced hardness because martensite transformed into 

softer tempered martensite. Quenching and tempering also affected wear resistance. The raw 

material exhibited a wear rate of 5.51 × 10⁻⁷ mm³/mm. After quenching at 850 °C for 30 min, 

the wear rate decreased to 4.48 × 10⁻⁷ mm³/mm, and further reduced to 3.50 × 10⁻⁷ mm³/mm 

after tempering at 250 °C for 30 min. Quenching improved wear resistance, while tempering 

slightly reduced it. 

 
This publication was subsidized by the Indonesia Endowment Fund for Education (LPDP) on behalf of 
the Indonesian Ministry of Higher Education, Science and Technology, and achieved beneath the 
EQUITY Program (Contract Number 4308/B3/DT.03.08/2025 and B/284/UN39/HK.07.00/2025). 
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