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Abstract 

This review paper examines laser hardening, an advanced surface treatment method, and its impact on 

automotive components. By analyzing findings from numerous studies, the paper categorizes various 

laser hardening techniques and evaluates the effect of parameters like speed of scanning, power of the 

laser, and beam diameter on material performance. Special attention is given to the microstructural 

changes and wear resistance enhancements achieved through laser hardening, highlighting its 

precision and minimal thermal distortion. The review explores recent innovations, including hybrid 

techniques and advanced monitoring systems, aimed at improving process efficiency and addressing 

technical challenges. These developments underscore the potential of laser hardening as a 

transformative technology in surface engineering. This study provides a comprehensive understanding 

of current trends, future directions, and the role of laser hardening in enhancing automotive component 

performance. 
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INTRODUCTION 

Laser hardening is an advanced surface treatment technique that uses a laser beam to harden metallic 

components. The process involves heating the surface of the material above its critical transformation 

temperature and allowing it to self-quench to obtain 

martensitic transformation, which enhances the 

material’s wear resistance and hardness [1]. Laser 

hardening has better precision of heating control 

than conventional methods of hardening with little 

or no distortion and a fine microstructure [2]. Laser 

hardening has numerous applications and is used in 

various sectors. It is well applied in the automotive 

sector for the surface hardening of shafts, gears, and 

engine components, where the wear resistance is of 

prime importance [3]. It has been applied in the 

aerospace industry to improve the fatigue life of 

structural components. Recently, laser hardening 

has become a promising technique in the tooling 

industry for enhancing the surface hardness of dies 

and cutting tools [4]. These applications 

demonstrate the ability of laser hardening to address 

wear and fatigue problems in engineering. 

 

The need for laser hardening is due to the defects 

in conventional hardening methods. Conventional 

techniques are, in general, very sensitive to thermal 

distortion and consequently require many post-
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treatment processes. In contrast, laser hardening provides a localized treatment with minimal thermal 

impact on the surrounding regions, which makes it particularly well-suited for complicated and high-

precision parts [5]. Moreover, the process is environmentally friendly because it does not contain 

chemicals or quenching media, which is in accordance with the sustainable manufacturing practices [6]. 

The capability to secure the desired surface properties with minimal compromise on the core of the 

material makes laser hardening a standard choice in modern engineering applications. 

 
However, there are some disadvantages of laser hardening. The major problem is the high initial cost 

of the laser equipment, which is unaffordable for small-scale industries [7]. Furthermore, obtaining 
uniform hardening in complex geometries is challenging because of the variations in the laser energy 
distribution and heat transfer. 

 
Another potential issue is micro-cracking in materials with high thermal gradients, which requires 

proper control of the process parameters to avoid it. These challenges must be overcome for the wider 
use of laser hardening technologies (Figure 1). 
 

 
Figure 1. Schematic of the laser hardening process. 

 

Based on a review of the literature, the following observations were made. The wear and fatigue 

durability of metallic components are significantly enhanced by laser hardening. This technique 

provides advanced surface treatment with high precision while preserving the material properties of the 

core, which is vital for high-performance applications. However, these benefits are realized only when 

process parameters, such as beam size, scanning speed, and laser power, are properly selected [8, 9]. 

These studies demonstrate the potential of laser hardening to transform surface engineering and 

highlight the need for further research and technological development. 

 

LITERATURE REVIEW 

The following literature shows a detailed literature survey. 

 

An experiment was performed to validate the numerical simulations with empirical trials using the 

laser hardening method on AISI 4340 cylindrical steel specimens. Key parameters, such as thermal 

conductivity, interaction time, laser power, and specific heat, were analyzed. The numerical temperature 

calculations were verified through a combination of the finite difference method (FDM) with  

COMSOL Multiphysics tools and experimental trials. Accurate predictions of the temperature profiles 

and hardening depth were obtained, supporting the modeling of the complete laser hardening  

process [10]. 
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A study was conducted to optimize the laser surface treatment parameters of the Al-6082-T6 alloy 
using the Taguchi method. Pulse energy, focus position, pulse duration, and type of gas were 
investigated to minimize defects, such as porosity and cracks, while maximizing the hardness and heat-
affected zone depth. The use of pulsed Nd:YAG lasers enhanced the wear resistance and surface 
hardness, demonstrating the value of Taguchi-based optimization for rapid parameter tuning. 

 

The laser hardening of AISI-1020 steel was investigated under controlled gas atmospheres, including 

propane, carbon dioxide, argon, and air. Parameters such as energy density and scanning speed were 

kept consistent across the conditions. The results showed that propane diffused into the surface as 

carbon and carbide, increasing the hardness, while carbon dioxide removed carbon and suppressed 

hardening. Gas-assisted laser hardening was found to improve the surface properties [11]. 

 

The temperature distribution during the laser hardening of H13 steel was modeled using heat 

conduction equations. The analysis focused on process parameters such as the laser spot velocity and 

irradiation time. Validation against experimental data confirmed the Gaussian and exponential 

temperature distributions across the horizontal and vertical axes during processing. 

 

An assessment of laser surface treatment on thin-walled 100Cr6 bearing steel evaluated hardness, 

residual stress, surface porosity, and wear resistance. Diode lasers were applied in both continuous and 

pulsed-wave modes, with and without cooling fluids. The workpieces underwent spheroidizing, 

quenching, and tempering, which resulted in martensitic microstructures with uniformly distributed 

carbides. The pulsed-wave mode under lubricated conditions demonstrated superior wear resistance and 

hardness owing to microstructure refinement [12]. 

 

Further research on AISI 4340 steel splined shafts analyzed process parameters, such as tooth depth, 

flank tilt angle, scanning speed, rotational speed, and laser power. Statistical tools, including ANOVA, 

were applied to evaluate the hardness distribution at the spline tips and roots, providing insights for 

improving laser hardening in complex geometries. 

 

The sliding wear behavior of austempered ductile iron subjected to laser hardening was investigated. 

The parameters included varying temperatures and laser-gap distances. Microstructural 

transformations, such as ledeburite, martensite, and tempered bainite, were observed, and the wear 

resistance performance was evaluated under different conditions. 

 

Laser glazing was applied to gray cast iron plates to study the phase changes during melting and 

solidification. The parameters included laser intensity, beam width, and scanning speed. The analysis 

revealed fusion and heat-affected zones that improved the microstructure, yielding higher hardness and 

wear resistance in cemented gray cast iron. 

 

Laser hardening of AISI 431 stainless steel was studied using Nd:YAG lasers with variable 

frequencies, pulse widths, scanning speeds, and focus positions. Microhardness and structural geometry 

measurements revealed improved wear resistance owing to the refined microstructures and optimized 

hardening depth. 

 

 aser tra s  rmati    ar e i    as  ee  a  lie  t  vari us steel  ra es usi   CO₂, Nd: YAG, high-

power diodes, and fiber lasers. Process parameters, such as power intensity, wavelength, scanning 

speed, standoff distance, surface coatings, and working atmosphere, were evaluated. The results showed 

improvements in surface hardness, wear resistance, and corrosion resistance, with challenges in 

achieving uniform hardness in overlapping tracks [13–15]. 

 

Laser hardening was performed on the Ni-hard 1 and Ni-hard 4 cast iron alloys using an infrared laser 

device. Experimental variations in power input and scanning velocity showed that laser hardening 
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significantly improved microhardness and wear resistance, with only minor reductions in impact 

toughness compared to conventional heating. 

 

The laser hardening of 50CrMo4 steel alloy was studied by analyzing the scanning speed, laser 
power, and heat input. The differences between pulsed and continuous wave lasers were compared, 

showing that appropriate power absorption enhanced surface hardening. The hardened surface was 
primarily martensitic, and the martensite concentration decreased with depth. 

 
Laser hardening of AISI 410 and 420 martensitic stainless steels was studied using a continuous wave 

diode laser. Variations in scanning speed, power, and focal position were evaluated. The results showed 
that AISI 420 exhibited higher hardness owing to finer grain structures and increased carbon content, 

whereas AISI 410 showed a greater depth of hardening. 
 

High-speed laser hardening of cylindrical En-31 steel rods was studied using a diode laser. The 
process parameters included laser power, linear speed, and rotary speed. Modeling with RSM and FEM 

confirmed an even hardness distribution, minimized tempering in overlapped regions, and improved 

hardened layer uniformity. 
 

Recent advances in laser surface hardening have been reviewed, with a focus on techniques, modeling 
approaches, and applications. Studies have highlighted the role of finite element methods and machine 

learning in predicting surface properties, focusing on hardness and wear resistance in steels and alloys. 
Industrial applications in the aerospace and automotive sectors have been emphasized. 

 
The effects of laser peening (LP) and friction stir processing (FSP) on ductile cast iron with 

ferrite/pearlite microstructure were examined. Parameters such as scanning speed, laser power, tool 
rotation speed, and applied load were evaluated. Improvements in fatigue life, microhardness, and wear 

resistance were achieved, particularly with FSP. 
 

Progress in laser surface hardening processes has been summarized, with an emphasis on modeling, 
industrial applications, and predictive tools using machine learning. Studies have demonstrated 

improvements in the hardness, wear resistance, and structural uniformity of steels and composites. 
 

The laser hardening of cast iron for train brake pads was studied with variations in laser power, beam 

velocity, and spot size. Metallographic and tribological tests confirmed that the optimized beam 
oscillations improved the productivity, hardness, and wear resistance compared to the untreated 

material. 
 
The effects of laser hardening on ductile and austempered ductile iron were investigated. The 

parameters included laser power and beam speed. The results showed martensitic transformations with 
reduced microcracks, particularly in austempered ductile iron, indicating an improved hardness and 
wear resistance. 

 
Laser surface melting of ductile cast iron was studied under varying solidification conditions. The 

laser power and traverse speed were adjusted, and higher cooling rates produced refined ledeburite and 
increased retained austenite, resulting in improved hardness. 

 
Laser surface modification of gray cast iron was analyzed for friction, wear, vibration, noise, 

hardness, residual stresses, and corrosion resistance. Laser quenching improved surface hardness, 
induced compressive residual stress, and reduced frictional vibrations and noise. 

 
Laser remelting of nodular cast iron was used to improve the abrasion resistance. Variations in the 

power, beam feed rate, and positioning were studied. Substantial improvements in hardness and wear 
resistance were observed, particularly in metal–mineral systems. 
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Modifications to gray cast iron with titanium and tungsten have been studied to improve wear and 
corrosion resistance. Adjustments in the Ti-W content optimized the microstructural properties, 
significantly improving hardness and durability. 

 
The heat treatment of cast iron was reviewed with emphasis on phase evolution and mechanical 

characterization. Parameters such as austempering temperature, holding time, and cooling rates were 
discussed in relation to microstructural optimization of strength, toughness, and machinability. 

 
Laser surface treatment of cast iron was reviewed, focusing on microstructural and mechanical 

changes. Parameters, including interaction time, scanning velocity, and laser power, were analyzed, 
showing improved wear resistance and hardness across different cast iron grades. 

 
Laser remelting of ductile cast iron has been studied to produce graphite-free surface layers suitable 

for high-gloss finishes. Variations in laser passes, power, and cooling rates showed that multiple passes 
at high power resulted in smooth, defect-free surfaces with enhanced polishing characteristics. 

 
Similarity theory was applied to laser hardening processes to refine the optimization of the 

thermophysical parameters and process variables. Key parameters, such as laser power, beam velocity, 
and overlap factors, were correlated with the material responses, establishing guidelines for improved 
hardening depth and efficiency. 

 
Laser surface hardening with electrophoretically deposited carbon coatings was applied to AISI 4130 

low-alloy steels. Comparisons with uncoated samples showed that carbon coatings enhanced 
absorption, expanded hardened zones, and improved hardness through the formation of martensite. 

 
The optimization of laser hardening using freeform optics was studied for 42CrMo4 steel to achieve 

top-hat temperature profiles. Adjustments in feed speed and spot size improved hardness uniformity 
and depth, resolving the issues of overheating and non-uniform grain structures. 

 
Laser surface transformation hardening for automotive metals was reviewed, with an emphasis on 

optimizing hardness, wear resistance, and corrosion resistance. Parameters such as power, scanning 
speed, and heat input were analyzed for steels, stainless steels, and aluminum alloys, demonstrating the 
potential of tailored properties in automotive engineering. 

 
The optimization of process parameters using response surface methodology was applied to analyze 

the weld bead geometry in the surface hardening processes. Regression equations were used to evaluate 
the relationships between parameters and performance to support process efficiency improvements. 

 
Classification of Laser Hardening Methods 

Table 1 categorizes the laser hardening methods observed across the reviewed studies. 
 

Surface hardening remains the most common application, owing to its versatility and efficiency. 
Recent advancements in beam shaping and multi-pass techniques have shown promise for achieving 
complex geometries and higher precision (Figure 2). 

 
Materials in Laser Hardening 
Material selection significantly influences the outcomes of laser hardening. The reviewed studies 

primarily focused on steel, cast iron, stainless steel, and aluminum alloys, reflecting their industrial 
relevance (Figure 3) (Table 2). 

 
In recent years, laser hardening technology has gained significant attention owing to its ability to 

improve the surface properties of various materials. Studies on stainless steel have shown that the laser 
hardening process effectively increases surface hardness, making it suitable for applications where 
corrosion resistance and mechanical strength are critical. 
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Table 1. Classification of laser hardening methods. 

Method Percentage (%) 

Surface hardening 70% 

Case hardening 20% 

Multi-pass hardening 10% 

 

Table 2. Distribution of materials analyzed in laser hardening studies. 

Material Percentage (%) 

Steels (e.g., AISI 4340, 1020) 50% 

Cast irons (e.g., ductile iron) 33.3% 

Aluminum alloys (e.g., Al 6082) 3.3% 

Stainless steels (e.g., AISI 431) 13.4% 

 

 
Figure 2. Classification of laser hardening methods. 

 

 
Figure 3. Distribution of materials analyzed in laser hardening studies. 

 
Research on 50CrMo4 steel has demonstrated that laser hardening significantly enhances the 

mechanical properties of gears, making it an excellent choice for extreme-stress applications in the 
aerospace and automotive industries. 

 
Investigations on 4340 steels, specifically in spline components, have highlighted the advantages of 

laser hardening in enhancing properties such as fatigue resistance and wear resistance of spline gears, 
which are essential in power transmission systems. These findings provide valuable insights into 
optimizing the performance of mechanical components subjected to dynamic loads. 

0

5

10

15

20

25

Surface

Hardening

Case Hardening Multi-pass

Hardening

Classification of laser hardening methods

50%

34%

3%

13%

Materials

Steels (e.g., AISI 4340, 1020)

Cast Irons (e.g., ductile iron)

Aluminum Alloys (e.g., Al 6082)

Stainless Steels (e.g., AISI 431)



 

International Journal of Solid State Innovations & Research 

Volume 3, Issue 2 

 

 

© STM Journals 2025. All Rights Reserved 7  
 

Studies on cast iron have revealed that laser treatment significantly improves wear resistance, making 
it suitable for applications in heavy machinery and automotive components where durability is 
paramount. 

 
Studies on 100Cr6 thin-sectioned steel have emphasized the importance of laser treatment in 

enhancing the mechanical properties, which is crucial for precision engineering applications. 
Experiments on AISI 1020 steel showed that laser treatment improved the performance of low-carbon 

steels, making them suitable for a variety of engineering applications. 
 
Finally, investigations on cylindrical specimens of 4340 steel confirmed that laser hardening 

significantly increases fatigue life, which is critical for components in the automotive and aerospace 
sectors where reliability is essential. 

 
Techniques Used 

Laser systems and techniques significantly influence process efficiency and outcomes (Figure 4) 
(Table 3 and Table 4). 

• Pulsed lasers are widely used due to their precision and ability to control heat. 

• Continuous-wave lasers are effective for the uniform hardening of large areas. 

• Emerging techniques, such as beam shaping and machine learning–based optimizations, are 
gaining attention for enhancing precision. 

 
Process Parameters and Their Effects 

• The laser hardening process is highly sensitive to parameter selection. Below is a table 
summarizing the key parameters, their ranges, and frequencies of occurrence. 

• Parameter optimization is essential to achieve the desired hardness and wear resistance without 
defects. 

• Advanced techniques such as finite element modeling are critical for parameter prediction and 
validation (Figure 5). 

 

Application Areas 
Laser hardening is a versatile surface treatment technique with applications in various industries. Key 

sectors utilizing this technology include the following. 
 
Laser hardening improves the wear resistance and fatigue strength of components such as gears, 

shafts, and camshafts. The demonstrated significant enhancements in the durability of spline shafts 
make them suitable for power transmission systems. 

 

Table 3. Techniques used in laser hardening. 

Technology/method Percentage (%) 

Pulsed lasers 33.3% 

Continuous wave lasers 26.7% 

Fiber lasers 16.7% 

CO₂ lasers 13.3% 

Nd:YAG lasers 10% 

 

Table 4. Process parameters used in laser hardening. 

Parameter Percentage (%) 

Laser power 83.3% 

Scanning Speed 56.67% 

Spot size 40% 

Cooling method 36.67% 

Gas atmosphere 33.3% 
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Figure 4. Techniques used in laser hardening. 
 

 
Figure 5. Process parameters used in laser hardening. 

 

 
Figure 6. Effects of process parameters on hardening outcomes. 

 
In aerospace applications, laser hardening enhances fatigue life and resistance to extreme conditions. 

their role in improving the performance of high-precision structural components. 
 
Laser hardening is applied to cutting tools and dies to improve hardness and wear resistance without 

affecting the core properties and their effectiveness for precision tooling applications. 

0

2

4

6

8

10

12

Pulsed Lasers Continuous

Wave Lasers

Fiber Lasers CO₂  asers Nd:YAG

Lasers

33%

23%

16%

15%

13%

Process parameters 
Laser Power

Scanning Speed

Spot Size

Cooling Method

 aser  ar e i  
 r  ess

 arameters

   t  i e
                         
                    

       

   e t
                    
                 

 aser    er
                     
                   

   e t

               
                        

      

 as  tm s  ere
                      

             

C  li    et   
                 

                     

                 

  a  i     ee 
                        

                   

   e t

                     
                   

      
                       

      



 

International Journal of Solid State Innovations & Research 

Volume 3, Issue 2 

 

 

© STM Journals 2025. All Rights Reserved 9  
 

 
Figure 7. Applications for laser hardening. Use of laser hardening in enhancing turbine components' 
wear resistance in renewable energy systems. 

 
The precision of laser hardening and its environmentally friendly nature make it indispensable in 

these sectors, driving advancements in engineering and technology (Figure 7). 
 

RESULTS AND DISCUSSION 
This study presents an essential part of the science behind the most used service treatment for laser 

hardening of automotive components, with an improvement in the observed performance. The study 
affirms that the diameter of the beam, scanning speed, and power of the laser are key factors for 
evaluating surface hardness and wear resistance. The results show deeper hardening with higher laser 
power, although increased power can lead to micro-cracking owing to thermal gradients. This finding 
is in agreement with those of previous reports [2]. 

 
The scanning speed is another important factor, in which a moderate speed can optimize the hardness 

depth  while maintaining low structural damage. that controlled scanning speeds are necessary for a 
uniform distribution of heat. Moreover, fiber lasers showed the highest efficiency in obtaining 
homogene us  ar  ess   m are   it  N   Y   a   CO₂ lasers. 

 
The choice of material also largely defines the results. AISI 4340 steel typically offers enhanced wear 

resistance and microstructure uniformity, and ductile iron has a balance between hardness and impact 
toughness. 

 
Moreover, micro-cracking and other problems associated with hybrid treatments, such as laser 

hardening and surface processing, such as laser peening, are eliminated. 
 
Laser hardening provides significant advantages, particularly for achieving uniform hardening in 

different geometries. Advanced modeling methods, including finite element methods and machine 
learning, play an important role in optimizing the process and are helpful in hardening metal surfaces 
for automobile components. 
 
CONCLUSIONS 

This study demonstrated that laser hardening is an important technique for improving the 
performance and service life of automotive components. This process has built-in advantages with 
respect to some surface properties, such as wear resistance and hardness, owing to the optimized 
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parameters of the beam diameter, scanning speed, and laser power. The heat source was sufficiently 
small to prevent thermal deformation; thus, it was suitable for precise applications. Another important 
finding of this study is that AISI 4340 steel and ductile iron display improvements in efficiency and 
performance through proper material selection. In addition, these limitations can be localized through 
advanced monitoring systems and hybrid methodologies, making broad industrial applications more 
accessible. Future research should also develop machine learning models to optimize processes and fuse 
laser hardening with other surface modification techniques. This methodology further diffuses the 
effectiveness and applicability of the laser hardening process. 
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