
Understanding the complexities 
of EV fuse selection and Eaton’s 
adaptive approach to electric 
vehicle safety and reliability 

Executive summary
The rapid evolution of electric vehicles (EVs) demands advanced fuse technologies that ensure safety and 
reliability under increasingly complex conditions. Eaton, as an intelligent power management company, 
leverages its expertise to address the challenges of EV fuse selection, providing innovative solutions 
that enhance performance and meet stringent safety requirements. This paper explores the evolving 
complexities of fuse selection, the challenges of EV fuse design, and the solutions Eaton has developed to 
ensure optimal performance.
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The evolving complexity of fuse 
applications

The evolving complexity of
fuse applications

EVs operate under highly variable electrical and mechanical conditions that significantly impact fuse performance. 
Unlike internal combustion vehicles, EVs rely on electric motors with cyclic operation, causing fluctuating current 
profiles. Drive currents in passenger vehicles typically range from 100A to 300A, with peak surges exceeding 500A, 
while commercial EVs require even higher capacities. These fluctuations make predicting fuse lifespan challenging. 
Eaton employs advanced simulation modeling to analyze real-world conditions, to ensure that fuse designs withstand 
demanding operational cycles and extreme environmental stresses.

Figure 1: Example of a current profile from a dual motor, which Eaton uses to predict fuse lifetime. 

Overcoming key challenges in EV 
fuse design

Frequent exposure to 
high-current cycling 
degrades fuse materials, 
particularly in high-humidity 
environments. Eaton has 
developed advanced insulation 
and structural enhancements 
to improve durability 
while maintaining optimal 
performance.

High-vibration 
environments, especially in 
commercial EVs, where levels 
can reach extremely high 
GRMs - causing mechanical 
fatigue and fuse failure. Eaton 
has refined its fuse designs to 
improve mechanical resilience 
and electrical integrity.

The shift to ultra-fast EV 
charging, with stations 
operating at 1500—2000A DC, 
presents additional challenges. 
Managing extreme power 
loads requires innovative fuse 
configurations. Eaton has 
developed parallel fuse designs 
that distribute electrical loads 
more effectively, reducing 
thermal stress and enhancing 
system reliability.
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Adapting to cooling systems and 
variable enclosures

Addressing altitude and 
expanding into new markets

High-power applications often integrate cooled busbars 
or plates to manage heat, but these systems introduce 
complex performance variables. Eaton’s expertise in 
thermal modeling ensures fuse performance accounts 
for cooling effects, improving overall system safety. Fuse 
behavior is also affected by connection and enclosure 
designs. Asymmetrical busbar and cable configurations 
create uneven heat dissipation, shortening fuse lifespan. 
Enclosure designs influence performance, with vented 
systems aiding heat dissipation but increasing exposure 
to environmental hazards. Eaton applies precise derating 
factors and conducts extensive testing to optimize fuse 
performance across varying configurations.

The increasing demand for EVs in high-altitude 
environments presents unique challenges. Reduced 
air density at elevations up to 4,000 meters limits 
convective cooling, increasing thermal stress on fuses. 
Eaton has developed scalable derating factors to 
ensure safe operation in these conditions.

Beyond automotive applications, electrification is 
expanding into marine and aerial transportation. 
While automotive fuse technology provides a 
foundation, adapting these solutions requires 
extensive testing and validation. Eaton applies its 
expertise in Production Part Approval Process (PPAP) 
and International Automotive Task Force (IATF) 
standards to develop fuse solutions for emerging 
electrification markets.

Figure 2: A parallel fuse design is often preferable to a single, larger 
fuse due to the twin configuration being more resistant to 
harsh vibrations.

Figure 4: Eaton adapts current application models to 
develop new testing standards for emerging applications 
like electric boats and aerial vehicles. 

Figure 3: Example simulation model shows heat dissipation on the fuse 
from a cyclic profile. 
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For more information, visit
Eaton.com/eMobility 

Conclusion
Fuse selection for EVs is multifaceted, influenced by variables such 
as current profiles, environmental factors, and regional standards. 
Eaton’s commitment to adapting and innovating ensures that we 
continue to meet these challenges head-on, providing customers 
with reliable, high-performance solutions. Our rigorous testing, 
simulations, and adaptive designs underpin our expertise and 
dedication to advancing EV safety and performance.

Eaton is uniquely positioned to be the partner of choice for 
vehicle manufacturers navigating the evolving EV market. 
Our comprehensive understanding of power management, 
combined with our cutting-edge fuse technology, ensures optimal 
performance and safety in diverse EV applications. With a global 
presence and a proven track record of collaboration, Eaton is 
ready to meet the dynamic needs of manufacturers worldwide. 
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Navigating global standards and compliance

Delivering advanced solutions for EV fuse optimization

EV fuses must comply with international standards such as UL, ISO, and JASO, each with distinct requirements. 
Variations in testing parameters, such as cable size specifications, significantly impact fuse temperature rise and 
longevity. The absence of a standardized ISO regulation for 1000V fuses adds complexity, requiring manufacturers to 
navigate overlapping compliance frameworks. Eaton’s cross-standard validation expertise ensures its fuses meet the 
highest safety and performance requirements globally.

Eaton employs sophisticated simulation tools to predict fuse performance under diverse conditions, allowing for 
precise design refinements before production. These models account for temperature fluctuations, mechanical 
stresses, and environmental variables, ensuring optimal reliability.

Innovations in material science and structural design enable Eaton’s fuses to perform reliably in extreme vibration and 
temperature conditions. Optimized geometries and materials enhance durability and safety while maintaining compact 
packaging for modern EV architectures.

Parallel fuse configurations provide a superior alternative to single high-amperage fuses, distributing electrical loads 
more efficiently and improving thermal management. This approach reduces vibration-related failures and extends 
fuse lifespan in high-power applications.

With a deep understanding of global compliance requirements, Eaton ensures its fuse solutions adhere to 
international safety and performance standards. Eaton’s fuse solutions are validated across multiple standards (UL, 
ISO, JASO), with each standard imposing distinct requirements. By addressing OEM-specific requirements and regional 
regulations, Eaton provides tailored fuse solutions that simplify compliance and enhance reliability.

Follow us on social media to get the  
latest product and support information.
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