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The automotive industry is undergoing an unprecedented transformation driven by 
electrification. By 2031, Battery Electric Vehicles (BEVs) are forecasted to dominate the market 
with a 44% share, pushing traditional Internal Combustion Engine (ICE) vehicles to a minority 
position. This rapid shift, alongside the sustained presence of Hybrids (HEVs taking a 32% 
share by 2031) as a practical and affordable transition technology, demands a revolution in 
component engineering. 
 
The central challenge in this new era is not merely achieving higher performance, but ensuring 
that sophisticated electronic systems, particularly power interconnects like busbars, can be 
manufactured reliably at high volume and low cost. The success of EV production hinges on 
designs that inherently support streamlining assembly and manufacturing. For automated 
production to succeed, precise tolerances and attachment methods are essential. Designs that 
fail this test increase the risk of manual intervention and assembly errors.  
 
The Designing components for automated handling: the precision 
requirement 
The extreme operating environment within EVs dictates fundamental design requirements that 
must be met using components engineered for automated precision. 
 
High voltage and dimensional stability 
The industry trend toward higher voltage systems, transitioning from 400V to 1200V, reduces 
current draw and minimizes resistive losses. This demand for high voltage necessitates robust 
insulation and physical separation. Interconnects must incorporate advanced dielectric 
insulation materials that provide greater dielectric strength and thermal stability. 
 
Solutions like molded busbars leverage high-performance resins such as PI, PAI, PEEK, and 
PPS which provide good dielectric strength, mechanical rigidity, and thermal stability. PI and 
PAI offer exceptional high-temperature performance and chemical resistance, while PEEK 
combines superior strength with dimensional stability. PPS provides excellent heat and 
chemical resistance at a lower cost, making it suitable for demanding yet cost-sensitive 
applications.  
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Thermal stress and mechanical durability 
Vehicle vibration and internal thermal expansion coefficients necessitate flexibility. Flexible 
multilayer busbars, typically made of stacked copper lamels, are used to mitigate these 
mechanical stresses. For automated placement, these designs require enhanced connector 
interfaces that guarantee reliable performance and minimized contact resistance, even when 
fitted rapidly by machinery. 
 
Electrical efficiency and consistent geometry 
To keep up with the faster switching speeds of SiC and GaN devices, interconnects must adopt 
designs with lower parasitic inductance to minimize voltage spikes and energy losses. 
Laminated busbars achieve this high electrical efficiency through their layered structure with 
tightly spaced conductors. The automation challenge here is maintaining the consistent 
geometry and precise layer spacing across every manufactured unit, ensuring the design’s 
inherent low characteristic impedance is realized reliably in mass production. 
 
Optimized construction for automated assembly lines 
Smaller powertrains and large battery packs designs leave limited space for busbars, which 
complicates attachment methods and increases design complexity. The true automation 
advantage lies in busbar production methods that eliminate this complexity, while minimizing 
waste and eliminating manual post-processing. 
 
The high-voltage (HV) extruded busbar represents an optimal solution for complex, high-volume 
production. Aluminum extruded busbars are preferred for lightweight systems like battery packs, 
while copper is used for high-conductivity powertrain systems, balancing efficiency and cost. 
 
Why are extruded high-voltage busbars superior for automation? Precise tolerances and 
attachment methods are essential for automated production. The manufacturing process itself 
benefits from automation, with CNC bending machines ensuring precision shaping. This 
process allows for the creation of complex shapes that are difficult to produce using other 
methods, such as bending or stamping. 
 
They are typically insulated with high-performance materials such as Nylon PA12, providing a 
tightly fitting solution for applications with limited space. They are dimensionally stable and easy 
to handle in automated assembly lines, providing consistent insulation that reduces manual 
intervention and assembly errors. Furthermore, HV extruded busbars offer cost-effectiveness by 
producing minimal scrap.  
 
Another critical area for automation improvement is busbar sealing. Managing busbar interfaces 
in EVs where coolant is present on one side and a dry, electrically robust connection is required 
on the other side, presents several challenges. Conventional sealing methods, such as potting 
or using rubber O-rings, incur high costs and time-consuming secondary processes and/or 
leakage issues over the lifetime of the assembly. 
 
To help alleviate time-based constraints, costs, and systemic failures associated with these 
conventional methods, technology-driven solutions, such as ENNOVI-SealTech, aim to 
streamline processes, improve efficiency, and enhance product performance. This process uses 
shrink tubing or double-sided adhesive tape, which conforms to a wide range of busbar shapes 
and sizes. Extensive testing has demonstrated that this technology prevents air leakage, even 
under high pressure and after thermal cycling. The core benefit for automated assembly is that 
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it eliminates additional processing steps like post-processing potting, resulting in a significantly 
lower cost and improved production efficiency. 
 
A holistic, automated future 
Achieving lifetime durability in EV electronics demands that designers take a holistic approach 
to busbars, treating them not as simple add-on connectors but as an integral part of the overall 
powertrain system. Success requires addressing high-voltage adaptation, thermal management, 
and electrical efficiency, all through the lens of automated manufacturing capability. 
 
By prioritizing components that are inherently dimensionally stable and eliminating complex 
manual post-processing steps, such as using extruded busbars and advanced sealing 
technologies, manufacturers can move closer to achieving the scale and reliability required for 
the rapidly expanding electric future. Designers should collaborate with experienced partners to 
create designs for highly automated production lines. 
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