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Abstract 

The relentless pursuit of extended range and efficiency in electric vehicles (EVs) necessitates the development of lightweight 
yet high-strength components. Thin-wall machining emerges as a crucial technique for achieving this goal by enabling the 
creation of intricate parts with minimal material usage. This review delves into the complexities of thin-wall machining for 
EV applications, focusing on aluminum alloys commonly employed in battery housings, motor housings, and other structural 
elements. 
This review explores the inherent challenges associated with thin-wall machining, including deformation, chatter vibrations, 
and compromised surface integrity. Established best practices for optimizing cutting parameters, tooling selection, and 
lubrication techniques are presented to mitigate these issues and ensure high-quality component production. Sustainability 
concerns are not neglected. The review examines advancements in cryogenic machining and minimum quantity lubrication 
(MQL) as viable solutions for minimizing environmental impact during thin-wall machining. The review identifies and 
discusses potential areas of further research. This includes the exploration of advanced surface engineering techniques for 
enhanced component performance, the development of novel lightweight alloys specifically tailored for thin-wall machining 
in EVs, and the integration of artificial intelligence (AI) for optimized tool-path generation. The feasibility of high-speed 
machining (HSM) techniques for thin-walled components and the development of biodegradable cutting fluids formulated 
for thin-wall machining applications are also presented as promising avenues for future investigation. 
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1. Introduction

Drawing upon insights from established literatures [1][2][3], 
the paper explores the impact of cutting parameters (speed, 
feed, depth of cut) on machining forces, vibrations, and 
surface integrity [4][5]. Recent advancements in tooling and 
fixturing specifically designed for thin-wall machining in the 
EV industry, such as 3D-printed tool inserts and specialized 
clamping systems [6][7] are also addressed. 
This study aims to contribute to the growing body of 
knowledge surrounding thin-wall machining for EVs by 
presenting the results of a focused investigation on a specific 
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EV component (e.g., battery housing) machined using a 
chosen process (e.g., CNC milling). The findings will be 
presented and discussed in relation to the existing literature, 
highlighting the effectiveness of the employed techniques and 
potential areas for further exploration [8][9][10]. 
The Lightweight Imperative in Electric Vehicles and the Role 
of Thin-Wall Machining. The inexorable march towards 
extended range and enhanced efficiency in electric vehicles 
(EVs) has ignited a relentless pursuit of lightweight yet high-
strength components [11][12]. In this dynamic landscape, 
thin-wall machining emerges as a pivotal technique, enabling 
the creation of intricate parts with minimal material usage, 
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demonstrably contributing to weight reduction and improved 
energy efficiency [13][14]. 
Aluminium alloys, celebrated for their exceptional strength-
to-weight ratio and excellent machinability, are extensively 
employed in the construction of vital EV components such as 
battery housings, motor housings, and structural elements 
[15][16]. However, machining these thin-walled aluminium 
structures presents unique challenges. Deformations, chatter 
vibrations, and compromised surface integrity pose 
significant hurdles, necessitating meticulous selection of 
cutting parameters (speed, feed, depth of cut) to achieve 
optimal results [17][18]. 
This research delves into the complexities of thin-wall 
machining for EV applications. Drawing upon established 
literature [15][16], the paper explores the impact of cutting 
parameters on the machining forces, vibrations, and surface 
integrity encountered during the process. Furthermore, recent 
advancements in tooling and fixturing specifically designed 
for thin-wall machining in the EV industry will be 
investigated [19][20].  

1.1. Industry Applications of Thin-Wall 
Machining in EV Manufacturing: 

(i) Tesla’s Battery Housing Manufacturing: Tesla employs
high-speed CNC milling to machine thin-walled aluminium 
battery casings. To prevent deformation, Tesla optimizes 
cutting speeds, feeds, and cooling techniques, ensuring 
precise tolerances and extended component lifespan [21]. 
This highlights the importance of process parameter 
optimization to achieve structural integrity in EV 
components. 

(ii) BMW’s Motor Housing Production: BMW integrates
minimum quantity lubrication (MQL) and cryogenic 
machining in its lightweight aluminium alloy motor housings. 
This not only reduces tool wear but also enhances surface 
integrity while improving sustainability [22]. The adoption of 
MQL and cryogenic cooling represents a significant 
advancement in eco-friendly machining strategies for EV 
components. 

(iii) Volkswagen’s Sustainability Initiative: Volkswagen
has invested in biodegradable cutting fluids to reduce the 
environmental impact of thin-wall machining. These fluids 
enhance cooling efficiency and prolong tool life, 
demonstrating cost-effectiveness in mass production [23]. 
Such sustainability initiatives underline the industry's 
commitment to reducing environmental footprints while 
maintaining machining efficiency. 

By focusing on a specific EV component (e.g., battery 
housing) machined using a chosen process (e.g., CNC 
milling), this study aims to contribute significantly to the 
growing body of knowledge surrounding thin-wall machining 
for EVs. The findings will be presented and discussed in 
relation to the existing literature, highlighting the 
effectiveness of the employed techniques and potential areas 
for further exploration [24][25][26]. 

2. Thin-Wall Machining

Thin-wall machining presents a unique set of challenges 
and opportunities in the context of electric vehicle (EV) 
manufacturing. This section delves deeper into these 
complexities, exploring various subtopics crucial for 
optimizing the process and achieving high-quality, 
lightweight components. Chatter Vibrations: Unstable cutting 
forces causing poor surface finish and tool wear. Controlled 
using damping materials, optimized tool geometries, and 
vibration monitoring [27]. Cryogenic Machining: A 
technique using liquid nitrogen cooling to minimize heat 
generation, extending tool life while reducing thermal, 
distortions,[28]. 

2.1 Challenges in Thin-Wall Machining of 
Aluminium Alloys for EVs 

While aluminium alloys offer undeniable advantages for 
EV design, their thin-walled nature presents distinct 
machining difficulties [24]. Here's a closer look at some of 
the primary challenges encountered: 
a. Deformation: The delicate nature of thin walls makes

them susceptible to bending and buckling during
machining forces. This can lead to dimensional
inaccuracies and compromised structural integrity of the
final component [14]. Techniques like employing rigid
tooling and optimizing cutting parameters can help
mitigate this issue [24].

b. Chatter Vibrations: The low stiffness of thin walls can
cause chatter vibrations during machining. These
vibrations can generate poor surface finish, reduce tool
life, and negatively impact dimensional accuracy [23].
Strategies to minimize chatter include using appropriate
cutting tools with high damping characteristics,
reducing cutting depths, and employing specialized
clamping systems [14].

c. Surface Integrity: Achieving a smooth surface finish
with minimal defects is crucial for optimal performance
of EV components. However, thin-wall machining can
lead to surface tearing, burr formation, and residual
stresses due to the concentrated machining forces.
Selecting appropriate cutting tools and lubricants, along
with optimizing cutting parameters, can help achieve a
desirable surface finish [15]

2.2. Strategies for Optimizing Thin-Wall 
Machining of Aluminium Alloys 

Overcoming the aforementioned challenges requires a 
multifaceted approach. Here, we explore some key strategies 
for optimizing thin-wall machining of aluminium alloys for 
EVs: 
a. Selection of Cutting Parameters: Speed, feed rate, and

depth of cut are critical parameters that significantly

EAI Endorsed Transactions on 
Energy Web 

| Volume 12 | 2025 | 



A thin wall machining for electric vehicles: A review on precise, efficient and sustainable approach 

3 

influence machining forces, vibrations, and surface 
integrity [17]. Experimental investigations and 
simulations can be employed to identify the optimal 
parameter combination for a specific application [26]. 

b. Tooling and Fixturing: Utilizing specialized tooling
and fixturing designed for thin-wall machining can
significantly enhance process stability and quality. For
instance, employing high-precision cutting tools with
minimal runout and applying specialized clamping
systems that provide optimal workpiece support can
minimize deformation and chatter [19]. Advancements
like 3D-printed tool inserts with customized geometries
can further improve chip evacuation and reduce cutting
forces [6].

c. Cutting Fluids and Lubrication: Selecting appropriate 
cutting fluids can play a vital role in minimizing friction, 
cooling the machining zone, and improving surface
quality [8]. Environmentally friendly cutting fluids are
gaining traction due to sustainability concerns, and
research is ongoing to develop lubricants specifically
tailored for thin-wall machining applications [8].

d. Process Monitoring and Control: Real-time
monitoring of cutting forces, vibrations, and other
process parameters allows for in-situ adjustments and
helps ensure consistent quality [19]. Advanced
techniques like sensor integration and data analytics can
be employed to develop intelligent monitoring systems
for thin-wall machining [19].

2.3. Emerging Technologies for Thin-Wall 
Machining in the EV Industry 

The EV industry is constantly evolving, and novel 
technologies are emerging to enhance the efficiency and 
effectiveness of thin-wall machining. Here are some 
noteworthy advancements: 
I. Additive Manufacturing (AM): AM techniques like

3D printing are being explored for the fabrication of 
customized jigs and fixtures specifically designed for 
thin-wall machining applications. This allows for 
complex geometries to be readily created, potentially 
improving process flexibility and workpiece support 
[19]. 

II. Micromachining: Micromachining techniques offer the 
potential for creating ultra-thin-walled features with
high precision. This technology holds promise for the
development of lightweight and intricate EV
components, although further research is needed to
ensure cost-effectiveness for large-scale production
[20].

III. Hybrid Machining Processes: Combining
conventional machining techniques with other
processes like laser cutting or ultrasonic machining can
offer unique advantages for thin-wall machining. Laser
cutting can be employed for creating precise initial
profiles, minimizing subsequent machining
requirements on thin walls [24]. Ultrasonic machining,

on the other hand, utilizes high-frequency vibrations to 
remove material, potentially reducing cutting forces and 
minimizing the risk of deformation in thin-walled 
structures [25]. 

IV. Simulation and Modelling: Advancements in
computer-aided design (CAD) and computer-aided
manufacturing (CAM) software allow for sophisticated
simulations of the thin-wall machining process. These
simulations can be used to predict cutting forces,
vibrations, and potential issues like deformation before
actual machining takes place, enabling optimization of
cutting parameters and minimizing trial-and-error
approaches [26].

2.4. Sustainable Machining Practices 

Sustainability is a critical concern in EV manufacturing. 
Thin-wall machining processes also need to be evaluated 
through this lens. Here are some advancements promoting 
environmentally conscious practices: 
 Cryogenic Machining: Utilizing liquid nitrogen

cooling significantly reduces tool wear, cutting forces,
and eliminates the need for conventional cutting fluids,
leading to a more sustainable machining process [33].

 Minimum Quantity Lubrication (MQL): Using
micro-lubricants instead of traditional coolant reduces
fluid waste and improves environmental impact [28].

 Energy Consumption: Optimizing cutting parameters
and employing energy-efficient machining processes
can minimize overall energy consumption associ2.4.
Sustainable Machining Practices

2.5. Future Research Directions in Thin-Wall 
Machining for EVs 

The field of thin-wall machining for EVs continues to evolve. 
Here are some promising areas for future research: 
a. Machinability of Novel Aluminium Alloys: The

development of new high-strength, lightweight
aluminium alloys for EVs necessitates research on their
machinability characteristics. Understanding the
specific challenges and opportunities these new alloys
present will guide the optimization of thin-wall
machining processes [11].

b. Integration of Automation and Robotics: Automation
and robotic integration offer the potential for increased
efficiency, consistency, and safety in thin-wall
machining for high-volume EV production. Research on 
developing automated handling systems and robotic
machining solutions specifically tailored for thin-walled
components is crucial [20].

c. Closed-Loop Machining Systems: Developing closed-
loop machining systems that integrate real-time process
monitoring with automated adjustments can ensure
consistent quality and minimize the risk of errors in thin-
wall machining [19].
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Thin-wall machining has become an indispensable 
technology in the electric vehicle (EV) industry, enabling the 
creation of lightweight, high-strength components that 
contribute to extended range and enhanced efficiency. 
However, this technique presents unique challenges. This 
review paper delves into these challenges and explores recent 
advancements that are pushing the boundaries of thin-wall 
machining for EVs, with a focus on citations not used in 
previous sections. 

2.6 Emerging Technologies for Enhanced 
Efficiency and Precision  

Beyond the foundational strategies for optimizing thin-wall 
machining, the EV industry is witnessing significant 
advancements in related technologies. Here, we explore some 
cutting-edge developments: 
I. Machine Learning and Artificial Intelligence

(ML/AI): Machine learning algorithms are being
harnessed to analyse vast datasets of machining process
parameters, cutting forces, and sensor data. This enables
the development of predictive models for optimizing
cutting conditions, minimizing tool wear, and ensuring
consistent quality in real-time [26]. Additionally, AI-
powered toolpath optimization can generate efficient
toolpaths that minimize machining time and material
waste, specifically tailored for thin-walled structures
[26].

II. Digital Twin Technology: The concept of digital twins
– virtual representations of physical machining systems
– is gaining traction in thin-wall machining for EVs. By
integrating sensor data, process models, and real-time
monitoring, digital twins can predict potential issues
like tool wear or deformations before they occur,
enabling preventive maintenance and improved process
stability [27]. This technology holds immense promise
for ensuring consistent quality and minimizing
production downtime in high-volume EV 
manufacturing environments.

III. Hybrid Machining Processes: Combining
conventional machining techniques with other
processes like additive manufacturing (AM) or laser
cutting offers novel possibilities for thin-wall
machining. For instance, AM-generated sacrificial
structures can be integrated into the design, providing
temporary support for thin walls during machining and
later being removed without compromising the final
component [28]. Similarly, laser cutting can be
employed for pre-machining profiles, minimizing
subsequent machining requirements on delicate thin
walls [29]. This hybrid approach can optimize the
overall machining process for thin-walled EV
components, leveraging the strengths of different
technologies for improved efficiency and precision.

2.7 Advanced Tooling and Fixturing Solutions 

Advancements in tooling and fixturing specifically designed 
for thin-wall machining play a crucial role in ensuring process 
stability and achieving high-quality components. Here's a 
look at some noteworthy developments: 
a. Micromachining Tools: The miniaturization of cutting

tools allows for machining of ultra-thin features with
exceptional precision. This technology holds promise
for creating lightweight and intricate EV components
with complex geometries, such as battery casings with
intricate cooling channels. While cost-effectiveness for
high-volume production remains an area for
exploration, micromachining tools offer exciting
possibilities for pushing the boundaries of
miniaturization in EV design [30].

b. Active Damping Systems: Conventional fixturing
systems might not be sufficient to completely suppress
vibrations in thin-wall machining. Active damping
systems that incorporate vibration sensors and actuators
can be integrated into fixtures to actively counteract
chatter vibrations during machining, further enhancing
process stability and surface quality [31]. This
technology can be particularly beneficial for machining
large, thin-walled components that are inherently more
susceptible to vibrations.

c. Bio-inspired Tooling Designs: Taking inspiration from 
nature, researchers are exploring bio-inspired surface
texturing on cutting tools for thin-wall machining.
These textured surfaces can improve chip evacuation,
reduce cutting forces, and minimize friction, leading to
improved machining efficiency and surface integrity
[32]. By mimicking the microstructures found on
natural materials, this approach offers a novel and
sustainable solution for optimizing cutting tool
performance in thin-wall machining applications.

2.8 Sustainable Machining Practices 

Sustainability is a critical concern in EV manufacturing. 
Thin-wall machining processes also need to be evaluated 
through this lens. Here are some advancements promoting 
environmentally conscious practices: 
Cryogenic Machining: Cryogenic machining involves 
utilizing liquid nitrogen to cool the cutting zone significantly. 
This technique minimizes tool wear, reduces cutting forces, 
and eliminates the need for conventional cutting fluids, 
leading to a more sustainable machining process [33]. 
Cryogenic machining offers a promising approach for 
environmentally friendly thin-wall machining, particularly 
for materials that are sensitive to heat generation during 
machining. 

2.9 The Future of Thin-Wall Machining in EV 
Manufacturing 

The future of thin-wall machining for EVs is brimming with 
exciting possibilities. Here are some key areas where 
advancements are anticipated: 
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I. Integration of Advanced Simulations: Computational
modelling and simulation tools are becoming
increasingly sophisticated. These tools can virtually
predict machining forces, deformations, and surface
integrity during the design phase. This capability allows
for the optimization of component geometry and
machining parameters before physical machining
commences. The benefits are two-fold: minimizing
trial-and-error approaches, which reduces material
waste and development time, and enabling the
exploration of innovative designs that push the
boundaries of lightweighting and performance for EV
components [35].

II. Closed-Loop Machining with Self-Learning
Capabilities: Advancements in automation and control
systems pave the way for closed-loop machining
systems with self-learning capabilities. These systems
can integrate real-time sensor data with process models
and utilize machine learning algorithms to automatically 
adjust cutting parameters in response to changing
conditions. For instance, the system might detect an
increase in cutting forces that could lead to tool wear or
component deformation. In response, the system could
autonomously adjust parameters like feed rate or spindle
speed to mitigate the issue. This closed-loop approach
ensures consistent quality and optimizes machining
efficiency for thin-wall components, particularly in
high-volume production environments where
maintaining consistent quality control is paramount
[36].

III. Sustainability-Driven Material Selection and
Machining Processes: As environmental concerns take
centre stage, the focus will shift towards selecting
lightweight materials that are not only high-strength but
also readily machinable with minimal environmental
impact. Research on developing new alloys specifically
tailored for thin-wall machining in EVs will be crucial.
These alloys should possess excellent machinability
characteristics, minimize cutting forces and tool wear,
while still delivering the desired mechanical properties
for EV components. Additionally, the exploration of
innovative, eco-friendly machining techniques, such as
cryogenic machining and MQL with advanced
lubricants formulated for thin-wall applications, will be
crucial for sustainable EV manufacturing practices
[37][38].

IV. Thin-Wall Machining for Novel Battery 
Chemistries: As battery technology evolves beyond
traditional lithium-ion, research into the machinability
of materials used in next-generation batteries, such as
solid-state electrolytes, is crucial for the development of
high-performance and efficient electric vehicles [50].

3. Economic Aspects of Advanced
Machining Technologies

The integration of high-speed machining (HSM), cryogenic 
machining, and minimum quantity lubrication (MQL) has 

revolutionized manufacturing economics by enhancing 
material removal rates (MRR) and minimizing tool wear and 
thermal distortions. Advanced computer numerical control 
(CNC) systems equipped with adaptive process control 
(APC) optimize spindle speeds, feed rates, and cutting depths, 
reducing machining time and improving surface integrity. 
Artificial intelligence (AI)-driven predictive maintenance 
further mitigates downtime, lowering operational costs. 
Despite high capital expenditure (CapEx) for 
implementation, the long-term benefits—such as optimized 
energy efficiency, reduced scrap rates, and extended tool 
life—make these technologies economically viable, 
particularly in high-precision applications like electric 
vehicle (EV) powertrain and aerospace component 
manufacturing. 

3.1 Cost-Benefit Analysis of Sustainable 
Machining 

 Cryogenic Machining reduces tool wear by 35-50%,
increasing initial investment but reducing long-term
maintenance costs [30].

 MQL Implementation decreases lubricant consumption
by over 80%, lowering operational expenses and
improving eco-friendliness [31][32].

 Automated Process Monitoring enables real-time
adjustments, reducing scrap rates and enhancing
production efficiency by up to 25% [33][34][35].

4. Sustainability and Future Research
Directions

The paradigm shift toward sustainable machining emphasizes 
the adoption of dry machining, minimum quantity lubrication 
(MQL), and cryogenic cooling to mitigate carbon footprint 
and reduce lubricant-induced environmental hazards. 
Tribological optimization of tool coatings and nanofluid-
based lubricants enhances thermal conductivity and 
minimizes tool wear, improving overall process 
sustainability. Future research focuses on hybrid machining 
integrating ultrasonic-assisted, laser-assisted, and additive-
subtractive techniques to achieve net-shape manufacturing 
with minimal material wastage. Additionally, the 
incorporation of machine learning (ML) and digital twins in 
process monitoring enables real-time optimization of cutting 
parameters, energy consumption, and waste generation, 
paving the way for circular manufacturing in Industry 4.0. 

4.1 Sustainable Machining Strategies 

 Use of AI in Toolpath Optimization: AI-powered
simulations predict optimal cutting conditions, reducing
trial-and-error waste [36].

 Development of Recyclable Cutting Fluids:
Biodegradable lubricants enhance environmental
sustainability in TWM [37].
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 Iintegration of Closed-Loop Machining: Automated
feedback systems adjust cutting parameters to maintain
precision and efficiency [38].

4.2 Future Research Areas 

 Smart Fixtures for TWM: Advanced clamping
mechanisms to minimize component deformation [23].

 Hybrid Machining Techniques: Combining laser-
assisted machining with CNC milling for enhanced
material removal rates [40].

 Predictive Maintenance Systems: IoT-enabled tools
monitor wear rates in real-time, preventing unexpected
machine downtimes [41].

5. Conclusion

Sustainability concerns are not neglected. Advancements in 
cryogenic machining and minimum quantity lubrication 
(MQL) are presented as viable solutions for minimizing 
environmental impact during thin-wall machining. The future 
of thin-wall machining in EV manufacturing is brimming 
with possibilities. The integration of advanced simulations 
for process optimization, the development of self-learning 
closed-loop machining systems, and the exploration of new, 
sustainable materials and machining techniques are just some 
of the exciting avenues for further research  
For the EV industry, the conclusions drawn from this review 
hold significant weight. By embracing these advancements in 
thin-wall machining, manufacturers can achieve substantial 
progress towards: 
 Light-weighting of EV components: Optimizing

cutting parameters, employing innovative tooling, and
exploring hybrid machining processes can all contribute
to the creation of lighter and more energy-efficient
vehicles.

 Enhanced performance and range: Improved surface
integrity and minimized deformations achieved through
advanced machining techniques can lead to more robust
and reliable EV components.

 Sustainable manufacturing practices: Cryogenic
machining, MQL, and the selection of readily
machinable materials can significantly reduce the
environmental footprint of EV production.

 Increased production efficiency and cost-
effectiveness: Advancements in machine learning,
digital twins, and closed-loop machining systems offer
the potential for automation, reduced waste, and
improved production throughput.

In conclusion, The integration of advanced machining 
technologies, sustainability initiatives, and economic 
feasibility assessments into thin-wall machining is crucial for 
the future of EV manufacturing. This paper highlights how 
industry leaders like Tesla, BMW, and Volkswagen are 
pioneering innovative approaches to optimize lightweight, 
high-strength components. Future research should focus on 

AI-driven machining, hybrid processes, and smart monitoring 
systems to push the boundaries of efficiency and 
sustainability in EV production, thin-wall machining remains 
a cornerstone technology for the advancement of EVs. By 
actively pursuing further research in this field and staying 
abreast of the latest advancements, the EV industry can 
unlock the full potential of this technology. This will pave the 
way for a future of lighter, more efficient, and 
environmentally friendly electric vehicles. 
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