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1. From electrification demands 

to a new paradigm in bearing 

technology 

The automotive industry is undergoing one 

of the most profound transformations in its 

history. Electrification, new mobility archi-

tectures, and increasingly demanding 

customer expectations are resha-

ping the way vehicles are desi-

gned, manufactured, and expe-

rienced. While much of the atten-

tion is focused on batteries, soft-

ware, and electric motors, another 

essential component is quietly beco-

ming a central challenge: the b a l l 

bearing. 

Bearings are everywhere in m o-

dern vehicles. They sup- p o r t 

rotating shafts, turbo- chargers, 

e lec t r i c moto rs , gearboxes , 

alternators, drive- t r a i n s , a n d 

countless auxi- liary systems. As 

the automotive world evolves, bea-

rings are being pushed to their limits 

i n t e r m s o f speed, vibration, noise, 

t h e r m a l constraints, and re-

liability. 

Interestingly, s o m e 

of the most promising solutions to these 

challenges are not emerging from incre-

mental automotive development alone, but 

from a field where constraints are even 

more extreme: space engineering. This APO-

GEE TALK  special edition explores how bea-

ring innovations originally developed for 

space applications are now addressing the 

new demands of electrified vehicles, offe-

ring disruptive solutions where traditional 

approaches reach their limits. 
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2. Trends in the automotive in-

dustry: bearings under pressure 

The automotive sector is currently shaped 

by several strong and converging trends. 

First, electrification is accelerating rapidly. 

Electric vehicles are no longer a niche mar-

ket; they are becoming the new standard. 

This transition affects not only propulsion 

systems, but also the entire mechanical 

ecosystem surrounding them. Second, de-

mand for bearings has never been so 

strong. Electrification increases the number 

of high-speed rotating components 

in vehicles, while new architec-

tures often require more 

compact and integra-

ted solutions. The re-

sult is a growing 

need for bearings 

with higher per-

formance, hi-

gher reliability, 

and greater 

eff i c i e n c y . 

T h i rd , pe r-

f o r m a n c e 

expectations 

r e g a r d i n g 

n o i s e a n d 

vibration have 

n e v e r b e e n 

more important. 

In internal com-

bustion vehicles, the 

engine noise masked 

many mechanical phe-

nomena. In electric vehicles, 

the drivetrain is far quieter, mea-

ning that even lower bearing-induced 

noises can become clearly audible and 

unacceptable. Finally, speed requirements 

have increased dramatically. Electrified po-

wertrains and turbo-machinery in hybrid 

systems operate at rotational speeds that 

were previously uncommon in automotive 

environments. Bearings are now expected 

to perform reliably at speeds close to or 

even beyond traditional catalog limits. 

These trends converge into one reality: bea-

rings are no longer standard commodity 

components. They are becoming key en-

ablers, and potential bottlenecks, of the 

next generation of ve-

hicles. 
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3. New challenges with electric 

vehicles 

The electrification of vehicles brings many 

benefits, but also introduces new technical 

challenges for bearing engineers. Two ma-

jor challenges stand out: noise and vibra-

tion for one hand;  and speed for the other. 

Challenge 1: Noise and vibration - beyond 

comfort 

 

Noise and vibration issues are not new in 

automotive engineering, but the electrified 

context amplifies them significantly. The 

first objective is straightforward: reducing 

vibration levels at all operating conditions. 

This is essential not only for driver comfort, 

but also for reliability. Vibrations accelerate 

fatigue, increase wear, and can cause pre-

mature degradation of components in the 

drivetrain. In EVs, where customer expecta-

tions of smoothness are extremely high, vi-

bration control becomes a major differen-

tiator. 

The second objective is more subtle, and 

increasingly critical: eliminating the cage 

instability phenomenon. The bearing cage 

is the only component inside a ball bearing 

that is not mechanically constrained. Unlike 

the rings or the balls, it is free to move dy-

namically, and under certain operating 

conditions it can become unstable. This in-

stability can generate unexpected high-fre-

quency noise and vibrations, and even lead 

to cage breakage. Engineers often describe 

this phenomenon with terms such as « rat-

tling noise  », «  hooting noise  », «  frog 

noise  » or «  intermittent squealing  ». The 

most challenging aspect is that this noise is 

not constant. It can appear and disappear 

unpredictably, making diagnosis extremely 

difficult. 

Cage instability has already caused signif-

cant engineering challenges in several de-

manding automotive applications, inclu-

ding turbochargers, alternators, cardan 

shaft bearings, motor-generator units, or 

high-speed auxiliary systems. As EV archi-

tectures become demanding, the risk of 

cage instability increases further. This chal-

lenge remains poorly understood in the in-

dustry, and conventional cage designs have 

limited ability to fully eliminate the pheno-

menon. 
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Challenge 2: The speed challenge - no 

more compromise 

The second major challenge is speed. Ho-

wever, speed in automotive does not simply 

mean higher maximum RPM. It also means 

optimized performance across the entire 

speed range, from low-speed heavy-load 

conditions to ultra-high-speed operation.  

Until now, overcoming high-speed require-

ments has come at the cost of an unsatis-

factory compromise. To cope with high 

speeds, bearings were typically designed 

with small balls and open curvature 

grooves. This configuration reduces centri-

fugal forces and allows high-speed rotation, 

but it performs poorly under heavy or com-

bined loads. On the other hand, to support 

high loads, engineers traditionally needed 

larger balls and tighter groove curvature. 

This improves load capacity but makes 

high-speed operation extremely difficult 

due to increased friction or heat genera-

tion.  

Thus, engineers have long been forced to 

choose between high speed capability or 

high load capacity. This creates a recurring 

problem in turbochargers for example, 

where extremely high rotational speeds 

must be achieved while also ensuring ex-

cellent robustness and reliability at inter-

mediate operating regimes. This challenge 

is becoming even more critical today, as 

electrified vehicles increasingly require both 

high-speed capability and strong load per-

formance simultaneously. 
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4. New automotive paradigms, 

but what about bearing techno-

logy? 

 

Significant efforts have been made to im-

prove bearing performance in response to 

these challenges.  

Hybrid bearings, for instance, using ceramic 

balls, have become increasingly common in 

automotive. While the technology has exis-

ted for decades, it is now more widely 

adopted due notably to its electrical insula-

tion properties, critical in EV motor envi-

ronments. Major research is also underway 

in advanced materials, lubrication techno-

logies, surface treatments, and manufactu-

ring efficiency and precision. 

These improvements are real and valuable. 

However, an important question remains: 

are these incremental improvements suffi-

cient to follow the rapid evolution of electri-

fied vehicle requirements? Despite progress, 

electrification has forced engineers to ope-

rate closer and closer to catalog limits. As 

a direct consequence, many situations arise 

where anomalies such as unexpected 

noise, vibration peaks, overheating or cage 

degradation, are not only difficult to diag-

nose precisely, but also difficult to solve wi-

thout compromising expected performance. 

This suggests that incremental innovation 

alone may not be enough. 
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5. A bearing paradigm shift 

The considerations above lead to an impor-

tant conclusion: incremental bearing inno-

vation, while concrete and valuable, may 

not be sufficient for the disruptive chal-

lenges of modern automotive electrifica-

tion. 

The key question 

becomes: are dis-

rupt i ve innova-

tions with signif-

cant and imme-

d i a t e b e n e fi t s 

possible and rea-

listic?  

The answer is yes. 

A n d t h e g o o d 

news is that solu-

tions already exist, 

originating from 

space enginee-

ring. 

Solving cage instability: the Butterfly cage 

For cage instability, a concrete solution has 

been developed: the Butterfly cage. Born 

from more than ten years of intensive re-

search, this cage was initially created to 

solve instability problems in space ap-

plications, where vibration, reliability, and 

noise constraints are even more extreme 

than in automotive. 

The Butterfly cage not only prevents cage 

instability, but also provides an overall 

background noise and vibrations level lo-

wer than any traditional cage design. It has 

been fully tested up to catalog limits and is 

already implemen-

ted in demanding 

applications, in-

c lud ing , space 

mechanisms, ma-

c h i n e - t o o l 

s p i n d l e s a n d 

other h igh-per-

formance rotating 

systems. 

In addition, the 

Butterfly cage has 

demonstrated im-

proved thermal 

behavior compa-

red to conventio-

nal designs, giving 

engineers greater flexibility in assembly de-

sign and operating margins. 

For automotive engineers facing unpredic-

table noise phenomena, this represents a 

breakthrough solution. 
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Solving the speed challenge: the Cobweb 

bearing 

A second disruptive innovation now exists to 

address the speed compromise: the Cob-

web bearing. As mentioned here above, 

traditional bearing design forces an impos-

sible trade-off between high-speed and 

high-load capacity. Now, the compromise is 

over. 

The Cobweb bearing introduces an auto-

adaptive groove profile that combines the 

best of both worlds: high-speed capability 

AND heavy and combined load support. 

This innovation was originally developed for 

a space challenge: the turbopumps of ro-

cket launchers, where extreme rotational 

speeds and loads coexist. Today, it is direct-

ly applicable to turbochargers but also in 

high-demand automotive competition for 

instance. 

The Cobweb bearing innovation is based on 

a fundamental question: why should the 

raceway groove profile always be circular? 

Non-circular optimized profiles can provide 

superior adaptive behavior, opening new 

possibilities in bearing design that were 

previously unexplored. 

6. Can we believe it?  

From Tier 1 to Formula 1 

It is understandable that such innovations 

may initially sound difficult to believe. Ho-

wever, they are the result of more than a 

decade of continuous R&D driven by real 

operat ional problems in space ap-

plications. The performance of these solu-

tions, as well as the original diagnostic and 
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design tools developed alongside them, 

has been demonstrated in the aerospace 

sector. 

Today, these innovations are being transfer-

red into concrete industrial applications, 

offering direct answers to the new chal-

lenges of vehicle electrification. 

The strongest proof lies in APO-GEE’s colla-

borations with prestigious partners, inclu-

ding Tier 1 automotive suppliers and a For-

mula 1 racing team. This clearly demons-

trates that APO-GEE is capable of delivering 

solutions where innovation, reliability, and 

performance are the key drivers. 

The automotive industry is entering a new 

era where bearings play a strategic role in 

achieving performance, comfort, and relia-

bility targets. Electrification pushes bearings 

toward unprecedented demands: lower 

noise, reduced vibration, higher speeds. 

Incremental improvements alone may not 

be enough. Disruptive innovations, born in 

the extreme constraints of space, are now 

providing a new paradigm for automotive 

engineering. The Butterfly cage and Cob-

web bearing represent concrete break-

throughs, offering engineers new tools to 

overcome the limitations of traditional bea-

ring design. 

The question is no longer whether disrup-

tive bearing innovation is possible. 

The question is: what will you do now? ◆ 
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About APO-GEE 

APO-GEE is the Belgian deep-tech start-up specialized in innova-

tive ball bearing solutions.  

  

APO-GEE helps aerospace and defense compagnies with innova-

tive products and dedicated high-value services related to ball 

bearings used in harsh environments and severe conditions. 

  

APO-GEE’S tools and methods have also proven highly effective 

in other demanding industries such as in machine-tools, medical 

techs, and automotive. 

Driven by innovation and intellectual property development, 

APO-GEE has introduced major breakthroughs in the bearing in-

dustry, including the Butterfly cage (an unconditionally stable 

cage), the Cobweb bearing (the smoothest high-speed bearing) 

and APO-GEE's unique computational tools. 

APO-GEE is located in the Liège Science Park, Belgium, in a pre-

mium environment dedicated to deep-tech start-ups. 
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