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Introduction

The adoption of electric drivetrains has introduced an
environment fundamentally different from standard lubricating
greases. In a conventional ICE vehicle, greases would have
solely been exposed to mechanical loads and thermal stress,
while electrical considerations were negligible [1]. In an electric
drive unit (EDU), however, the motor is a powerful source of
electromagnetic interference. The inverter, which is increasingly
constructed based on wide-bandgap semiconductors like silicon
carbide (SiC) and gallium nitride (GaN), generates high-frequency
pulse-width-modulated signals that generate common mode
voltages in the motor shaft [2]. These parasitic voltages seek a
path to ground, and the rolling element bearings, separated from

Figure 1a: Microstructure of the MWCNT [7].

HOW EV MOTOR BEARINGS ARE FORCING
A REDESIGN OF GREASE CHEMISTRY

the housing only by a thin layer of grease, often offer that path.

The resulting consequences are severe. The grease film acts

as a dielectric layer in a small capacitor formed by the inner and
outer bearing races. When the shaft voltage is above the dielectric
breakdown voltage (DBV) of the film, there is a micro-arc discharge
through the film that causes localized temperatures of over 1000
°C [3]. Fleet data indicates that as many as 50% of EV motor
bearing failures can be attributed to lubrication issues aggravated
by electrical currents [4]. Compounding the problem, the industry
expects motor bearings to be sealed for life without relubrication,
typically 15 years or 300,000 km of drive distance [1]. The grease
must withstand extreme mechanical and electrical stress along
with long-term chemical degradation, not to be replaced.

Electrical Conductivity vs. Insulation Tradeoffs

There are two general philosophies of protecting bearings from
electrical damage. The first, the insulating strategy, attempts to
design a grease with a dielectric strength high enough to prevent
the flow of current altogether. Hydrocarbon base oils such as
polyalphaolefins (PAO) and mineral oils are naturally excellent
insulators, having volume resistivities on the order of greater than
102 Q-cm [2]. In theory, if the grease prevents any charge transfer,
the bearing surfaces remain unharmed.

In practice, however, the high switching frequencies of modern
SiC inverters couple capacitively across the bearing, storing
energy in the dielectric grease film. Film thickness is not constant,
fluctuating with speed and vibration. When the film randomly
becomes thinner, the breakdown threshold drops and the stored
energy is released in a violent nanosecond-scale discharge

[2]. Thus, the insulating strategy has an inherent vulnerability:

the grease’s high resistivity allows it to function as a capacitor
dielectric, accumulating stored energy that is released as
destructive arcing when the film thickness fluctuates.

The second philosophy, the dissipative or low impedance
strategy, has become the predominant strategy in 2026. Instead
of preventing current flow at all, a dissipative grease is designed
to permit a small, continuous leakage current to drain the shaft
voltage passively into ground. The resistivity window is typically
108 to 10° Q-cm [2]. In this range, the bearing acts as a high-value
resistor rather than a capacitor which prevents the voltage build-
up that triggers high energy arcs.

Achieving the desired conductivity without the degradation of
tribological performance is the current chemical challenge.
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Figure 1b: Effects of MWCNT and Alumina [7].
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Granted, ionic liquids (ILs) have come to be a particularly
effective solution. Unlike solid conductive fillers such as graphite
or carbon black which can act as abrasives, ILs are salts that
remain liquid and integrate into the base oil matrix, providing
ionic charge transference pathways independent of particle-to-
particle percolation [5]. Phosphonium-based ILs indicate high
thermal stability and strong compatibility with non-polar base
oils, making them the leading additive for dissipative greases [6).
However, ILs cost heavily, limiting its widespread usage. Carbon
nanomaterials provide an alternative. The introduction of 0.4 wt%
multi-walled carbon nanotubes (MWCNT) into lithium grease
has been shown to reduce electrical discharge damage by more
than 70% while also reinforcing the grease structure. However,
MWCNT is less effective as a lubricant when measuring the
Average Coefficient of Friction, where it has shown COF's of

0.1 and below as the wt% increases [7]. The microstructure

of MWCNTSs within the grease matrix is shown in Fig. 1a.

The SEM image (20,000x magnification) reveals the tubular
nanostructures interwoven throughout the thickener network,
illustrating how the nanotubes form the percolating conductive
pathways that enable charge dissipation across the grease film.

As shown in Fig. 1Tb, MWCNT-doped greases consistently
outperform both the baseline lithium grease and alumina-
doped formulations in friction reduction. The baseline lithium
grease exhibits a COF of approximately 0.17, whereas MWCNT
additions progressively lower the COF to approximately 0.04 at
0.4 wt.%, a reduction of roughly 76%. Alumina-doped greases
also reduce friction relative to the baseline but plateau near 0.08
at 0.4 wt.%, approximately double the MWCNT value at the same
concentration. This confirms the dual functionality of MWCNTSs:
they not only provide electrical conductivity but also act as
friction-reducing nano-bearings, an advantage that alumina
particles do not offer.

Impact of Stray Currents, Electrical Pitting, and Micro-Arcing
on Grease Life

Electrically induced bearing damage is now known as the
dominating life-limiting phenomenon for EV motor bearings
different from the mechanical spalling that hindered the longevity
of industrial bearings over the past decades [3]. When stray
currents flow through a bearing, the damage beyond just the
steel raceways. The grease itself is subject to rapid chemical
degradation.

During a micro-arc event, the plasma channel reaches
temperatures of more than 1,000 °C for microsecond durations,
breaking the hydrocarbon chains in the base oil and generating

free radicals that initiate autocatalytic oxidation. As a result,

the total acid number significantly increases [3], [8]. This in turn
causes the development of varnish and sludge that further
degrades the lifespan of greases [4]. The thickener structure

is also susceptible to damage. During high energy discharges,
the fibrous network of soap-based thickeners is broken, and the
grease softens irreversibly and bleeds (releases base oil) from
the contact zone. A diagnostic characteristic of this degradation
is the premature blackening of the grease called black grease
syndrome, caused by the carbonization of the base oil

and formation of fine iron microspheres from the molten
raceway metal [3].

L. J. Sanchez et al. [3] have determined that surface damage
starts at densities as low as 0.1 A/mm?, well below the 0.4 A/
mm? threshold established by earlier industrial electric motor
standards. As seen in Fig. 2, roller surfaces exposed to T A/mm?
in mineral oil exhibit white etching cracks (a, b), a distinct white
layer (c), and micro-spalling on the surface (d) which indicates
that electrical exposure produces damage morphologies distinct
from purely mechanical fatigue.

Greases with 0.4% MWCNT added to them were able to reduce
vibration amplitudes by about 65% and surface roughness

by about 71% compared to non-conductive baselines [7].
Accelerated life testing has further shown that continuous
arcing can reduce the useful oxidative life of a grease by half of
that produced by purely mechanical aging [9]. These findings
highlight the importance of the dissipative strategy, which
avoids destructive arcing instead of simply tolerating it, which
has become widely accepted. As seen in Table 1, increasing
MWCNT concentration from 0.1 to 0.4 wt.% consistently reduces
both friction coefficient and wear rate across all tested load
conditions, while simultaneously increasing surface hardness
and interfacial shear strength [20].

Table 1: MWCNT Effects by wt. % [20].

CNT (Wt.%) Avg. Avg. Wear Avg. Friction
Hardness Rate Coeff. (u)
(GPa) (mm3/N'm)
0.1 2.43 0.0092 0.35
0.2 2.78 0.0079 0.32
0.3 3.33 0.0070 0.30
0.4 3.80 0.0061 0.28

Figure 2: Optical micrographs after exposure to T A/mm? [3].

Still, the DBV of a grease constantly fluctuates. Fresh grease may
exhibit a high breakdown voltage, but as the lubricant shears and
accumulates conductive iron wear debris, the DBV falls. Debris
particles act as microscopic lightning rods that concentrate

the electric field and promote erratic arcing at lower voltages.
Even trace amounts of moisture can dramatically reduce DBV,
highlighting the importance of water-resistant thickener systems.
Water contamination, even at parts-per-million levels, introduces
ionic conduction pathways through the grease film that bypass
its dielectric properties, sharply lowering the voltage threshold at
which breakdown occurs [2].

Thickener Chemistry Under Combined Stress

For decades, lithium complex greases dominated the automotive
grease market with more than 60% of market share [10]. The
transition to EVs is changing that dominance. Polyurea (PU)
thickeners, ashless, organic gel networks bound by hydrogen
bonding of urea groups, provide a range of properties that are
better matched to the EV operating scheme.

Thermal stability is one of PU’'s main advantages. EV motors
regularly operate at 20,000 rev/min or more, generating rapid
temperature excursions in the bearing. Polyurea greases usually
have dropping points above 260 °C and can reach up to 300

°C, giving a significant safety margin above lithium complex
formulations that soften and oxidize at similar temperatures
[11]. Polyurea greases have shown an oxidation induction time
value of 21 minutes or higher under standardized conditions,
compared with 11-13 minutes for the lithium complex
counterpart [12], [13]. This disparity is partly attributed to the
catalytic role of lithium ions: in the presence of oxidized base oil
and electrical fields, lithium metal soaps promote hydroperoxide
decomposition, accelerating the oxidation chain reaction that
the grease must resist [4]. Polyurea, being organic and ashless,
eliminates this catalytic pathway entirely [4]. As seen in Fig. 3,
this advantage is evident across the full operating temperature
range [13]. The lithium-based formulations in the top row

show L,, grease life declining sharply with temperature, falling
toward 10" hours by 150 °C. In contrast, the diurea and polyurea
formulations in the bottom row maintain L,, values near

10% hours even at test temperatures of 160-170 °C
demonstrating significantly greater thermal endurance for
sealed-for-life applications.

Catalytic inertness is another factor which differentiates the two
thickeners. Since lithium is a metal, in the presence of oxidized
oil and electrical fields, ions can catalyze the decomposition

of hydroperoxides and therefore accelerate the very oxidation
that the grease must resist [4]. Polyurea contains no metal
component, so this catalytic pathway simply does not occur,
yielding longer oxidative stability, especially in electrically
stressed environments.

Rheological considerations also suggest polyurea as superior.
Under the extreme shear rate of high-speed motors typical in
EVs, lithium complex greases tend to structurally breakdown
and soften with time, whereas polyurea networks maintain
their National Lubricating Grease Institute grade more reliably
[4]. Another aspect is dielectrophoresis, the alignment of polar
thickener fibers in an applied electric field, which can alter film
thickness in the contact zone [6]. This effect is less pronounced
in non-polar polyurea structures compared to metallic greases,
ensuring more predictable film formation.

Despite its advantages, polyurea has historically been difficult to
manufacture. It involves the reaction of isocyanates and amines,
materials that are hazardous and require strict process control.
However, the development of preformed polyurea thickener
powders has eliminated the volatility of the in-situ isocyanate-
amine reaction, therefore making high-performance PU greases
more widely available [14].

Chemical Compatibility with Motor Environment

The internal environment of an EV motor is chemically much
more complex than an ICE drivetrain. Grease in a motor bearing
can be very close to copper stator windings, polymer wire
insulation, adhesive varnishes and neodymium-iron-boron
(NdFeB) permanent magnets. Incompatibility with any of these
materials can be disastrous.
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Figure 3: Induction Time with Various Grease [13].

Copper corrosion is a major concern. Traditional sulfur-
phosphorus extreme pressure additives that work well for steel-
on-steel contacts highly react with copper at higher temperatures.
The reaction forms copper sulfide, a brittle conductive corrosion
product which flakes from the winding surface. These copper
sulfide flakes can migrate through the motor and can straddle
insulating gaps, resulting in short circuits-a failure mode known
informally as “red death” [15]. Standard copper strip corrosion
tests (ASTM D130) are now deemed to be inadequate for EV
qualification because they are static, thermal-only tests and do
not consider the acceleration of corrosion under voltage bias.
New energized copper wire resistance tests that mimic an EV
drivetrain are therefore being developed to find better solutions
[16]. Formulators are accordingly moving towards ashless
chemistries such as dithiocarbamates and dimercaptothiadole
based passivators that offer protection for copper surfaces, while
still providing anti-wear performance [15].

Compatibility with polymers is also very important. The magnet
wire insulation, usually polyamideimide (PAl), polyimide (PI) or
polyetheretherketone (PEEK), is the only protection against turn-
to-turn short circuits. Certain ester base oils and amine-based
antioxidants can solvate or plasticize these polymer coatings
reducing tensile strength after thermal aging [17]. Standardized
testing is now being performed on the helical coil bond strength
and dielectric breakdown voltage before and after aging in

the lubricant, requiring at least 90% retention of bond strength
[18]. Polyimide varnishes are especially sensitive because the
high stiffness of the varnishes makes for poor adhesion to the
copper and polar base oils can wick into the interface causing
delamination. Formulators therefore prefer non-polar PAO or
specifically validated esters.

NdFeB rare-earth magnets for permanent magnet synchronous
motors are also susceptible to corrosion. Although normally
coated with nickel, when breached, any breach will expose the
magnet to acidic oxidation byproducts from the grease, resulting
in loss of magnetic flux and particulate contamination. This
reinforces the necessity of greases which maintain neutral or
mildly alkaline pH over their service life [19].

Formulation Guidelines for EV Motor Bearing Greases

The findings reviewed in this paper can be assembled into a
practical formulation roadmap for EV motor bearing greases.
The dissipative electrical strategy is preferred over insulation.
Target bulk resistivity should fall within 108 to 10° Q-cm,
achieved primarily through phosphonium-based ionic liquids

for consistent, shear-independent conductivity. Where cost is a
constraint, 0.4 wt.% MWCNTSs serve as a complementary additive,
with demonstrated discharge damage reductions exceeding

70%. Polyurea should be selected over lithium complex as the
thickener. Its advantages, higher OIT, dropping points above 260
°C, superior shear stability at 20,000+ rpm, and catalytic inertness,
compound over the 15-year sealed service life [8]. Additive
packages must be copper-safe and ashless. Sulfur-phosphorus
EP additives should be replaced with dithiocarbamates or
dimercaptothiadiazole passivators. For oxidation control, 2% LDH
antioxidants extend service life by 20%. Amine-based antioxidants
should be screened carefully to avoid degrading PAI or Pl wire
insulation. Base oil selection must balance dielectric properties
with polymer compatibility. PAO provides high insulation strength
and polymer safety but requires blending with esters or ionic liquid
doping to reach the dissipative resistivity target.

Validation testing should include: Electrochemical Impedance
Spectroscopy (EIS) to characterize impedance across operating
frequencies; electrified tribometer testing under voltage bias;
energized copper wire resistance testing in place of static
ASTM D130; and magnet wire aging tests requiring 290% bond
strength retention.

Conclusion

The shift from ICE to electric drivetrains has made lubricating
grease take on a new role from routine commodity to a precise
electrochemical component. The decision between insulating
and dissipative strategies determines additive selection and

base oil selection, which then determines thickener compatibility
and material interactions. The dissipative approach has become
preferred as it addresses the cause of electrically induced bearing
damage.

Polyurea thickeners have demonstrated clear advantages over
lithium complex systems in oxidation induction time, shear
stability, catalytic inertness, and electrical neutrality. This makes
them a strong candidate for sealed for life EV motor bearings.
The transition to ashless, copper safe, and polymer compatible
additive chemistries reflects the notion that grease needs to
coexist with a diverse material ecosystem within the motor. As the
industry moves towards 800V architectures, the electrical stress
on grease will increase. The development of advanced additives
like MXene nanosheets and layered double hydroxide antioxidants
indicates that EV greases of the future will be purposefully built
electro-tribological materials, designed from the molecular level to
meet the demand of reliable, powerful EV drivetrains.
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