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Abstract: Electric vehicle sales are growing globally in response to the move towards a greener
environment and a reduction in greenhouse gas emissions. As in any machine, grease lubricants
will play a significant role in the component life of these new power plants and drivetrains. In
this paper, the role of grease lubrication in electric vehicles (EVs) and hybrid vehicles (HVs) will
be discussed in terms of performance requirements. Comparisons of grease lubrication in EVs and
HVs for performance requirements to current internal combustion engines (ICEs) will be reviewed
to contrast the major differences under different operating conditions. The operating conditions
for grease lubrication in these EVs and HVs are demanding. Greases formulated and manufac-
tured to meet specific performance specifications in EVs and HVs, which will operate within these
specific electrification components, will be reviewed. Specifically, the thermal and electrified ef-
fects from the higher operating temperatures and electromagnetic fields on lubricant degradation,
rheology, elastomer compatibility, and corrosion protection of the grease need to be evaluated to
accurately meet the performance requirements for EVs and HV. The major differences between EVs
and conventional ICEVs can be grouped into the following technical areas: energy efficiency, noise,
vibration, and harshness (NVH), the presence of electrical current and electromagnetic fields from
electric modules, sensors and circuits, and bearing lubrication. Additional considerations include
thermal heat transfer, seals, corrosion protection, and materials’ compatibility. The authors will
review the future development trends of EVs/HVs on driveline lubrication and thermal management
requirements. The future development of electric vehicles will globally influence the selection and
development of gear oils, coolants, and greases as they will be in contact with electric modules,
sensors, and circuits and will be affected by electrical current and electromagnetic fields. The increas-
ing presence of electrical parts in EVs/HVs will demand the corrosion protection of bearings and
other remaining mechanical components. Thus, it is imperative that specialized greases should be
explored for specific applications in EVs/HVs to ensure maximum protection from friction, wear,
and corrosion to guarantee the longevity of the operating automobile. Low-viscosity lubricants and
greases will be used in EVs to achieve improvements in energy efficiency. However, low-viscosity
fluids reduce the film thickness in the driveline application. This reduced film thickness increases the
operating temperature and reduces the calculated fatigue life of the bearings. Bearing components
for EVs/HVs will be even more crucial as original equipment manufacturers (OEMs) specify these
low-viscosity fluids. The application of premium bearing components using low-viscosity grease will
leverage materials, bearing geometries, and surface topography to combat the impact of low-viscosity
lubricants. In addition, EVs and HVs will create their own NVH challenges. Wind and road noise are
more prominent, with no masking noise from the ICE. Increasing comfort, quality, and reliability
issues will be more complicated with the introduction of new electrified powertrain and E-driveline
subsystems. This paper elaborates on the current development trends and industrial test standard
for the specified grease used for electrical/hybrid driveline lubrication.
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1. Introduction

Due to the amount of wear and friction present in an automotive vehicle, lubricants
are essential for the longevity and function of cars. Greases, which are boundary lubricants,
are essential to the protection of car parts, preventing them from breaking down. Not only
are they formulated specifically for the purpose of preventing wear, but they are also made
to withstand the conditions of a car in action. Greases prevent rusting and accumulation
of debris on surfaces by forming a protective layer; in addition, greases’ many properties
such as their ability to flow at high temperatures while also being excellent at dissipating
heat are what make them valuable and widely used [1]. A vast majority of applied greases
will last throughout the entire lifetime of vehicles and do not need to be reapplied.

Greases are commonly derived from petroleum or synthetic materials. Synthetics are
often preferred as they can typically function over a wider range of temperatures compared
to those made from petroleum [2]. Furthermore, different types of vehicles can operate
under different conditions and with either a higher or lower number of variables. For
example, vehicles operating under higher/lower moisture, extreme loads, and having high
speed bearings will all require different grease specifications to properly protect against
corrosion and wear. This can be done through the usage of thickeners and additives such
as rust inhibitors and anti-wear and friction-reducing agents [3].

In electrical vehicles (EVs), greases need to be formulated for new factors, the major
ones being the increased presence of electricity, electrical currents, and noise in an EV due
to the absence of an internal combustion engine (ICE) [4]. Due to the increased number of
electrical components such as electric modules and sensors, the greases must be formulated
to be unreactive with electricity. Usually, the noise of an engine will mask the creaks and
rattles of a car, but as an EV is silent, any noise from the lack of lubrication and contact
of surfaces will become much more apparent. Furthermore, a larger amount of grease
must be used in an EV than in an internal combustion engine vehicle (ICEV) as the need
for lubrication is higher in an EV. To further the understanding of the need of greases in
EVs, this perspective paper will focus on the new variables that are present in EVs that
necessitate a specified formulation of greases.

2. Greases in Automotive
2.1. Types of Greases and Their Usages

The most common types of greases are soaps, of which different options are shown in
Table 1 along with their properties and applications. Lithium greases are widely used for
their lubricity, shear stability, and thermal resistance [3,5]; calcium-based ones have better
water resistance but worse thermal resistance, and sodium greases have high dropping
points but cannot operate above 120 ◦ [6]. These greases are created through the blending of
base oils and thickeners through intense mixing until the mixture becomes gelatin-like [3,7].
Overall, lithium grease has been shown to impart the advantages of high adherence, non-
corrosiveness, available at high pressures, and moisture resistance, making it compatible
with several OEM applications such as EVs/hybrid vehicles (HVs) [8,9]. Other types of
greases include polyuria (PU), clay, and silica. PU greases’ high operating temperature,
oxidative protection properties, and low bleed features make them useful for permanent
sealing applications [10]. Clay greases are inert and favored in the food industry [3].
Although silica-based greases are a strong thickener, they are very sensitive to heat.
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Table 1. Greases containing mineral oil (soaps) (Adapted from [8]).

Soap Base or
Thickener

Min. Drop pt. ◦C (◦F)
American Society

for Testing and
Materials (ASTM)

D556 IP 132

Min.
Usable
Temp.
◦C (◦F)

Max Usable
Temp.
◦C (◦F )

Rust
Protection

Available
with Extreme
Pressure (EP)

Additive

Use Cost Official
Specification

Lime (calcium) 90 (190) −20 (0) 60 (140) Yes General
purpose Low BS 3223

Lime
(calcium),
heat stable

99.5 (21)
or 140 (280)

−20 (0)
−55 (−65) 80 (175) * Sometimes Yes

General
purpose and

rolling
bearings

Low

BS 3223
DEF STAN

91-17 (LG 280)
DEF STAN

91-27 (XG 279)
MIL-G-10924B

Sodium,
conventional 205 (400) 0 (32) 150–175

(300–350) Yes No

Glands,
seals low–
medium-

speed
rolling

bearings

Low

Sodium and
calcium
(mixed)

150 (300) −40 (−40) 120–150
(250–300) Yes No

High-speed
rolling

bearings
Medium

DEF 2261A
(XG 271)

MIL-L-7711A

Lithium 175 (350) −40 (−40) 150 (300) Yes Yes All rolling
bearings Medium

DEF STAN
91-12 (XG 271)

DEF STAN
91-28 (XG 274)
MIL-L-7711A

Aluminum
complex 200 (390) −40 (−40) 160 (320) Yes Mild EP Rolling

bearings Medium/high

Lithium
complex 235 (450) −40 (−40) 175 (350) Yes Mild EP Rolling

bearings Medium

Clay None −30 (−20) 205 (400) * Poor Yes Sliding
friction Medium

* Depending on conditions of service.

Overall, approximately six different types of greases are present in a vehicle system—
the majority of which are soap greases. Lithium greases are present in car hinges to gears.
White greases are used for water sealing and surface adhesion. Aluminum greases are often
used in wheel bearings, and copper greases are used in exhaust assemblies and battery pole
connections. Finally, red rubber greases are present in areas with O-rings and hydraulic
systems, and brake greases are used in drum and disc brakes [11].

2.2. Load

Viscosity does play a critical role in determining load-carrying capacity in fluid film
hydrodynamic bearings. Load-carrying capacity is directly proportional to viscosity and
operating speed and inversely proportional to the square of film thickness.

For EHL (ElastoHydrodynamic Lubrication) conditions, due to the nature of the
contact of the roller elements and the race—Hertzian by nature—the elastic deflection of
mating surfaces significantly influences the load being driven by the material properties of
the bearing vs. the viscous-elastic properties of the oil phase in grease. For a Newtonian
oil, the following equations govern the film thickness [12,13]:

LINE CONTACT: (ho/R) = (2.65 G0.54 U0.7)/W0.13 (Dowson, 1970) (1)

POINT CONTACT: (ho/Rx) = 3.63 U0.68 G0.49 W−0.073 (1 − e−0.68k) (2)

where viscosity is contained within the Speed Parameter (U) and load is contained within
the Load Parameter (W). In EHL conditions, the film thickness is minimally affected by the
load, as seen by the magnitude of the powers for each W shown in the equations.
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2.3. Viscosity

Generally, the selection of viscosity is determined by bearing speed, operating temper-
ature, bearing dimensions, and race surface finish. For roller element bearings, the focus
will be on EHL conditions, which covers many of the conditions these bearings operate in.

The previous equations relate the variables needed to arrive at the optimal viscosity
by determining film thickness. More specifically, they relate surface speed and required
viscosity to determine the minimum EHL film thickness needed to match the composite
surface roughness in the loaded contact area. From our previous discussion on load, we
will focus on these variables given that the contribution of load to this determination is
minimal under EHL conditions. There are graphical relationships that relate viscosity and
speed to determine the optimal viscosity.

The next step is to determine the correct viscosity at the bearing operating tempera-
ture. Using the readily available viscosity curves, the ISO grade for the application can
be determined.

Final confirmation of the correct operating viscosity is determined by calculating the
specific film thickness:

Lambda = Specific Film Thickness =
h
σ

= λ

where h = film thickness from the previous equations and

σ= measured surface roughness (r.m.a., microns)

The choice of the correct viscosity minimizes asperity contact in the element load
zone. Specific Film Thickness confirms the chosen viscosity, estimated from bearing speed
and temperature, and yields the film thickness for the specific bearing surface finish
characteristics. Lambda can have a significant effect on bearing fatigue life.

Lambda values below 1.5 reflect a dramatic loss of bearing fatigue life. Under this
condition, the film thickness is not high enough to cover the average asperity height,
leading to excessive friction and wear of the race and roller element surfaces. Lambda
values between 1.5 and 3.0 contribute to an increased fatigue life, reflecting the ability of
the film to cover load zone asperities. Lambda values above 3.0 exhibit increasing but
diminishing improvements in fatigue life.

Determination of the correct viscosity is followed by determination of the National
Lubricating Grease Institute (NLGI) grade needed for the application. The next step is
determining the temperature range at which the grease will work. Care must be taken
so as to not over- or underestimate the operating range, as catastrophic failure can occur.
Therefore, it is always advised to measure the temperatures of the components if possible.
Oftentimes, multiple greases can be found suitable to a particular application, at which
point it should come down to the costs unless the item is already on hand [8].

2.4. Grease Formulation Issues

Since greases are formulated to operate within a specific range of conditions, operating
outside those conditions or prolonged exposure to high temperatures will have a negative
impact on the longevity of said grease. Figure 1 shows a correlation between induction time
and the grease life—data obtained from the ASTM D 3527 test. A relationship is noticeable
in that as the induction time increases, so does the life of the grease. Further testing in
Figure 2 shows that an increase in temperature also leads to a decrease in induction time,
thereby reducing the life of the grease. This is because greases with longer induction times
achieve higher oxidative stability [14].
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Figure 1. Induction time vs. grease life (ASTM D 3527 Test) [14].

Figure 2. Temperature effects on induction time [14].

3. Performance Requirements for Grease Used in EVs and HVs

In EVs/HVs, a new configuration was designed to use an electrical motor combined
with a battery module system for generating energy power. Instead of an engine, which
is lubricated with oil and transfers power to a transmission and from there to the wheels,
a battery module system powers an electric motor that drives the wheels. When design-
ing EVs, lubrication engineers must select gear oils, coolants, and greases to meet new
driveline requirements. The EV/HV configuration design has created substantial impact
on driveline lubrication and thermal cooling requirements in the areas of electrical and
thermal transfer characteristics, energy efficiency, and the presence of electric currents and
magnetic fields. In addition, more system-related requirements such as noise, vibration,
and harshness (NVH), seals, and materials’ compatibility are also being considered for
important performance characteristics.
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3.1. Electrical and Thermal Characteristics for Grease Used in EVs and HVs

In many HV or EV advanced system designs, automotive lubricants such as drivetrain
fluids or grease lubricating encounter the integrated electric motor (e-motor) and ther-
mal management devices. This leads to the addition of electrical and thermal properties
which must be considered on top of conventional lubricant properties. The introduction of
electrification components has been targeted for energy efficiency and long-term durabil-
ity. Automotive industries have asked for the implementation of specialized automotive
lubricants or driveline fluids to allow for appropriate thermal cooling specifications, to
present bearing protection, to ensure corrosion protection, and to offer oxidation and
sludge control.

Recently Tung, Woydt, and Shah published a paper related to the future trends
of HV/EV driveline lubrication and thermal management [9]. They also reported that
grease specifically designed for driveline lubrication of HVs and EVs should include
appropriate electrical properties to guarantee protection from corrosion and be well suited
with insulating materials [9,15,16]. There are two additional considerations on electrical
conductivity and thermal conductivity of fluids. If the electrical conductivity of the liquids
exceeds a certain value, current leaking can occur. However, if it is too low, degradation of
the oil can occur because of lubricant oxidation, a direct outcome of electrical arcing in oil,
and leads to a decrease in the protective ability of the fluid. Lubricants are not conductive
but rather dissipative, though additives can affect the level of electrical conductivity.
Conductivity might increase, however, as oxidation causes an oil to deteriorate. Additive
suppliers suggested that lubricants susceptible to oxidation are potentially problematic.
They also need to have appropriate thermal transfer characteristics, offer high-speed
bearing protection, and provide oxidation and sludge control.

3.2. Electric Field Interactions with Driveline Lubricant or Grease Used in EVs/HVs

To understand driveline lubrication under the electric field is very crucial for EV/HV
applications by automotive and lubricant suppliers. In a recent publication by Chen, Liang,
and co-authors [15], they pointed out that lubricant properties under electric field interac-
tion must be investigated. These important properties can be described as the electrostatic
interaction, the electric charge distribution, the formation of transfer film/structural change,
and the chemical–physical property changes. It has been found that lubrication is aided
by weak electrostatic interactions. Static charges and the transient polarized charges on
surfaces, which may be induced and strengthened by the externally applied field, enhance
electrostatic interactions. They also claimed that at low electric potential, wear is adhesive-
type dominated, while it is abrasive-type dominated when the potential is high. DC has
been observed to enhance friction while the friction is reduced by AC. This interaction
mechanism is due to vibration induced by the electrostatic force which is fluctuating under
electric field. Structural change/oxidative transfer film formation in some material combi-
nations (e.g., graphite–graphite, graphite–copper) has been found responsible for increased
wear and reduced friction under the application of the external electric field [9,15].

In addition, Rhee, Yan, He, Xie, and Luo [14–16] indicated that chemical reactions and
physical absorption occur at material interfaces under the influence of an external electric
field, leading to a change in surface friction and lubrication behavior. Electric carrier (or
electron–hole) charge distribution through the formation of localized quantum dots and
electron–hole recombination affects interfacial mobility and surface friction properties [14–16].

3.3. Electric Breakdown Mechanisms of Lubricants and Grease

Besides the electrical properties of driveline lubricants or lubricating grease described
in the above section, automotive R&D scientists [9,15–18] have reported that a highly
fluctuating charged environment requires specially tailored lubricants to avoid component
damage and premature failure due to improper lubrication. Major lubrication failure
mechanisms explored can be classified into lubricant degradation, microbubble formation,
and electrowetting. In the lubricant degradation mechanism, the lubricant base oil and
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thickeners undergo chemical oxidation to form carboxyl compounds. Lubricity is lost on
account of the formation of highly viscous and acidic degradation products and agglomer-
ation of additives. Heat generation causes faster base oil evaporation. Local overheating in
EV/HV lubricants can lead to microbubble formation, which may then be driven by viscous
drag, pressure gradient, and dielectrophoretic forces. The formation of these microbubbles,
which are unstable and coalesce, tends to destabilize lubrication upon electrical breakdown.
The microbubbles form more rapidly in conditions of electrode insulation. In addition,
the electric field induces interfacial stress on a non-polar lubricant confined between two
metallic surfaces in the electrowetting mechanism. Due to differing dielectric properties, a
two-phase dispersion of lubricant may also destabilize this mechanism and can lead to the
spread and breakdown of the lubricant when the electrostatic stress is too high.

3.4. Thermal Cooling Requirements for Lubricants and Grease Used in Electrical/Hybrid Systems

The heat generation rates in engine power controllers, computer chips, and optical
devices/systems are on the rise because of future development trends that favor higher
speeds and smaller features for increased performance for engine components, microelec-
tronic devices, and brighter beams for optical devices [9]. Thermal cooling has become
one of the main focuses of advanced industries such as microelectronics, transportation,
manufacturing, and metrology. Electric hybrid and fuel cell vehicles use power electronics
to control their electric motor. Power electronics require their own cooling loop including a
heat exchanger, pump, and radiator. Power densities exceeding 100 W/cm2 while needing
to maintain a temperature below 125 ◦C may eventually exceed 250 W/cm2. Conventional
cooling methods to promote heat rejection rates apply increased surface areas such as
fins and microchannels for heat dissipation. However, current thermal cooling designs
have already reached their threshold. For HVs or EVs, the cooling requirements are more
stringent than IC engines, especially in the case of fast charging and heavy consumption.
Lithium-ion batteries and EV motor systems need to maintain the correct temperature
range by cooling means. If they exceed this range, the batteries will face a “runaway”, not
deliver the same power, and, more importantly, they will degrade quickly. Power electron-
ics are also very susceptible to heat, especially during recharging. Heat sinks are used to
draw away heat. Solutions for the thermal management of EVs or HVs have been described
in the recent publication [9] by Tung, Woydt, and Shah. For example, advanced thermal
management approaches such as microchannels for cooling batteries or fast-charging cables
or immersion of battery cells in a dielectric fluid have been commercialized in energy and
automotive industries.

Thermal Management and Measurement of Thermal Conductivity of Driveline Grease

The future development of thermal management technologies is encumbered by the
urgent demand for thermal protection and cooling of electrification components. The tradi-
tional method for thermal cooling can no longer be progressed. New requirements have
been enforced for high-performance cooling in electrical vehicles, batteries, motors, and
power electronics [9]. New developments in thermal management of EVs/HVs are helping
to extend the driving range and lifetime requirement. Global research activities using
advanced coolants have the scientific merits and high potential for application in thermal
cooling technologies. To meet these thermal management requirements, automakers are
using combinations of cooling fluids and advanced thermal cooling devices throughout
the electrical/hybrid propulsion system to improve overall energy efficiency and coolant
compatibility with electrification components. In the next few sections, the authors will
review the state-of-the-art thermal management technology used for meeting thermal
cooling and extended driving range requirements of EVs/HVs.

Recently, lubricant industrial researchers [18–23] have investigated the thermal prop-
erties of lubricants or grease operated under tribological sliding conditions. Pettersson
and Callen [18,19] have shown the fundamental phenomenon that the base oil molecular
structure determines the thermal capacity and thermal conductivity of a lubricant [18].
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The higher the number of the rotational and vibrational quantum states, the higher the
thermal capacity [19]. When there are multiple vibrational and rotational states, it takes
a higher energy input to increase the averaged kinetic energy, e.g., the temperature. In
addition, Gedde and Jin [20,21] have indicated that the thermal conductivity of base oil
was correlated to the molecular diffusivity in the fluid. The more easily the molecules of a
lubricant pass through each other, the higher the lubricant thermal conductivity. This also
means that there is a relationship between the lubricant viscosity and lubricant thermal
properties because both the molecular quantum state density and the diffusivity closely
correlate to the lubricant viscosity. This correlation can restrict the selection of the lubricant
when both the tribological working condition and thermal management are considered.
When tribological working conditions take a higher priority, it is difficult to change the base
oil thermal properties. Thus, it is quite desirable to change the lubricant thermal property
with some additives.

Jin, Shaikh, and Barbés have found out that driveline lubricants can significantly
increase the thermal conductivity and thermal capacity of a lubricant by adding nanoparti-
cles to the lubricant [21,22]. Essentially, adding those dispersed nanoparticles increased
the carriers of thermal energies. Adding 0.8 vol% of silica nanoparticles can double the
thermal conductivity of a lubricant [21]. Polyalphaolefin (PAO) containing 0.5 vol% carbon
nanotubes has a more than 50% thermal conductivity compared to neat PAO. However,
nanoparticles also lower the specific heat of the lubricant [23]. In addition, Chen and Dai
and colleagues also investigated the synergistic effects of nano-lubricant additives [24,25].
They indicated that this nano-lubricant additive can be used to optimize the thermal prop-
erty of a lubricant to fit any specific powertrain cooling design. Moreover, the nanoparticle
additive improves the tribological performance of lubricants. They have shown substan-
tial experimental evidence using this nano-lubricant additive which can dissipate heat
extremely fast in EV/HV cooling processes.

In the lubricant industry, the most common experimental method for measuring the
thermal conductivity of a lubricant is called the transient hot-wire method [26,27]. The
transient hot-wire experimental set-up was simple to perform and had high accuracy. This
method used a Pt or Ni wire which was sealed inside a cylindrical pressure vessel filled
with lubricant. The wire was heated up for a short amount of time electrically, and its tem-
perature was monitored simultaneously by its electric resistance. The thermal conductivity
and the thermal capacity of the lubricant can be calculated from the temperature change
of the wire. In general, this measurement can be modeled as an axisymmetric thermal
transportation problem [26]. It has an additional advantage when used to characterize
lubricants, as the lubricant thermal properties are highly correlated with its pressure, and
the pressurized transient hot-wire method is easy to achieve.

3.5. The Other Requirements for Grease Used in EVs and HVs

Another three major issues that are present in EVs or HVs are energy efficiency,
noise, and electrification components [28]. Another important aspect of an EV is the
increased presence of electrification components and how the greases will be affected by
the electromagnetic fields and electrical currents. These place an even higher emphasis
on corrosion prevention as the electrical currents will corrode the metallic components
at a faster rate as compared to those in a regular ICE. In this perspective paper, we will
discuss these important areas and their specific requirements used in EVs/HVs in the
following sections.

3.5.1. Energy Efficiency

While EVs are extremely efficient in energy consumption, reports have shown that as
much as 57% of the energy used by the car is for overcoming frictional losses [29]. The main
components considered to make up the large frictional loss include motor, tires, steering
system, wheel bearings, joints, suspensions, and a few others [29]. Friction losses observed
in electrical motors (EMs) are attributed to the heat produced by rotors, vibration, wear,
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and going against wind resistance. In rolling bearings, the main sources of friction loss
are from churning, sliding, which is the source of the greatest friction loss of bearings,
rolling, and seal sliding friction [30]. For these, a good lubricant or grease is expected to
properly offset the frictions. To improve the energy efficiency of grease in these bearing
applications, synthetics, primarily polyalphaolefins (PAOs), are used. Given the mix of
sliding and rolling contact in the load zone of point contact bearings (ball and spherical
roller bearings), PAO-formulated greases have improved traction properties compared to
mineral oil-formulated greases. Greases are mainly used in bearings and gears due to them
being more of a solid than oil lubricants, as they will not leak out of components and cause
damage. Since the usage of greases is much easier with bearings and gears, about 85% of
all bearings are lubricated with grease. As increasing energy efficiency is a big focus in the
EV industry, all opportunities to reduce friction will help achieve the goal of reaching a
range of up to 400 miles [31].

Energy efficiency can be correlated to lubricating film thickness. Thinner lubricants
reduce viscous friction, allowing more energy to be conserved. However, greases will
reduce lubricating film thickness at high temperatures and bring their own challenges on
wear protection of sliding surfaces. A thinner lubricating film will be closer to the mixed
and boundary lubrication regimes where wear is a concern. Striking a balance between
the capability to remain in a full film lubrication regime and the wear protection towards
thinner lubricating films is a crucial turning point that enhances energy efficiency using
low-viscosity lubricant or grease. Several papers have emphasized that a new approach
using either surface coatings or lower-roughness surfaces will ensure a thin lubricating
film to separate surfaces and mitigate wear.

One of the most significant challenges for EVs is to extend the driving range besides
energy efficiency. This challenge also imposes the infrastructure of wide-spread recharging
stations. Without recharging infrastructure, all passengers must be prepared to give up
the 300- to 400-mile ranges they are accustomed to in a conventional vehicle. Automotive
engineers are looking for innovation approaches to improve energy efficiency by making
vehicles lighter and by reducing torque in all components.

3.5.2. Electrification Components

The projected growth of EVs and HVs in the automotive industries has made evolu-
tional changes in propulsion system electrification components. Powertrain and driveline
components will be enhanced by electric motors and E-drive configuration. Electrification
components including electric motors or regenerative brake components will be integrated
in this advanced configuration with thermal management systems for cooling applications.
Electric motors and power electronics will be in contact with the cooling fluids. Coolants
are required to cool motors and power electronics by removing heat for thermal manage-
ment. In addition, automotive lubricants for electrified propulsion systems must function
as effective coolants and reduce the corrosion of copper windings, on top of needing com-
posites and rare earth magnetic materials while upholding wear and oxidation protection
and energy efficiency.

Dr. Kuldeep K. Mistry [28] at The Timken Co. in Ohio also indicated that the develop-
ment of electric vehicles will influence the selection and development of gear oils, coolants,
and greases, because the lubricating oils or greases will be in contact with electric modules,
sensors, and circuits. It will be affected by electrical current and electromagnetic fields.
Soon, the number of electrical connections is expected to quadruple. In this context, one of
the key life-limiting considerations will be corrosion.

Although grease oils will prevent moisture from reaching the surfaces, thus preventing
rust, the presence of electromagnetic fields will create another challenge. Electromagnetic
fields can propagate without the need for a solid medium. The amount of energy transferred
is dependent on the intensity of the field, the frequency of its oscillation, and the dielectric
properties of the material. The more energy the object absorbs, the more quickly the object
will be heated. The object will gain heat as the frequency of the electromagnetic field
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increases. However, if the temperature diffusion rate is slower than the rate at which
the electromagnetic field releases its energy, the temperature will increase rapidly [31].
As electric motors produce electromagnetic fields, there is a chance for the premature
degradation of greases. The electrical discharge and free radicals will react with the oxygen
in greases, creating hydrogen peroxide and continuing the chain of free radical reactions.
This leads to the oxidation of base oils and thickeners, which causes a loss in lubricity.
In addition, components within the grease will start to separate and the thermal effects
from the electrical discharge will cause certain parts to evaporate and eventually cause
grease failure [18,31]. To this degree, experiments have shown that a conductive lubricant
will help with its corrosion prevention. This is because non-conductive greases will trap
the energy from electrical currents and electromagnetic fields, leading to a sudden release
and causing great damage [18,31]. However, if the material is conductive, then while
the electrical currents will pass through, it will be in a much smaller amount and cause
less damage.

3.5.3. Noise

The absence of an ICE to mask vibrations, harshness, squeaks, and rattles will trigger
more problems such as NVH and buzz, squeak, and rattle (BSR). Chad Chichester has reported,
in a recent Society of Tribologists and Lubricant Engineers (STLE) publication [28,29], that
NVH and BSR can affect sensors that are increasingly used in vehicle safety and guidance.
The choice of greases used in EVs/HVs is different from those available on the market today
and can reduce or eliminate noise which will help make vehicles safe.

3.6. Future Development Trends for Grease Used in EVs/HVs

As EVs are different from ICEs, it is important to know their different future require-
ments. Of the multitude of greases on the market, lithium greases are a top choice because
of their high adherence, non-corrosiveness, and moisture resistance—all of which allow
them to be compatible with and protect components [28,29]. Lithium grease has shown
to impart the advantages of high adherence, non-corrosiveness, and moisture resistance,
making them compatible with several OEM applications such as EVs/HVs. Aluminum
and urea greases perform well too; however, their production is associated with hazardous
processing and constraints on process balance.

It is predicted that the use of eco-friendly and bio-degradable greases will increase.
Additionally, corrosion protection, low-temperature performance, and water resistance,
among others, will rise in interest [29–31]. It is also important to consider that it is more
favorable to produce a grease with low torque functionality through thickeners, base oils,
and additives while ensuring that the properties of the electrical and surfaces remain
unaltered. In the future, it is likely that instead of general greases for all types of EVs,
custom-made ones will be favored due to the variabilities in EV designs and the factors
they will bring into the formulation of greases [18,32]. While PU greases are currently not
commonly used in EVs, they might be of interest in the future due to their lifelong sealing
functions, long-life properties at high temperatures, and low noise characteristics. PU
grease formulations have inherent oxidation inhibition chemistry as part of the thickener,
leading to long life at elevated temperatures. When coupled with PAO stocks, these
products can contribute to significant improvements in grease life at elevated bearing
temperatures. Furthermore, improved filtration practices and thickener reaction control
have contributed to lower noise properties by controlling particles’ size and overall particle
contamination. This leads to quieter noise levels in rotating bearings.

Desired lubricant properties in EVs/HVs [15,33,34] have been grouped into a table as
shown in Table 2. All the required lubricant properties that need to test their performance
characteristics are compared with the conventional lubricants used in the ICEs. This
table indicates that these newly developed tests such as electrical conductivity, thermal
conductivity, extreme speed, and bearing protection capability are crucial performance
characteristics to meet HV or EV performance requirements.
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Table 2. Desired lubricant properties in electric vehicles (EVs)/hybrid vehicles (HVs) compared with in internal combustion
engine vehicles (ICEVs) (adapted from [15,33,34]).

Serial Number Lubrication
Parameter 1 ICEV Requirement EV Requirement Location 2

1 Acid value Should be within acceptable limits to avoid corrosion (ASTM
D 974) and DIN 51558 may be referred)

Should be extremely low
compared with ICE to avoid
any corrodibility of polymer
parts or motor components

All

2 Anti-foaming Should have anti-foaming properties

Anti-foaming is highly
desirable at high entertainment

speeds of lubricant due to
higher susceptibility to

foaming

2–5

3 Corrosion resistance Should not corrode the
metallic parts

Should be highly compatible with polymers and metal working
parts and not lead to corrosion All

4 Degradability Resistance to thermal
degradation Resistance to thermal and electrical degradation 2

5 Density Moderate- to high-density
oils preferred Low-density lighter oil preferred 3–5

6 Dielectric strength Moderate to low is
acceptable

Should not undergo dielectric breakdown under a high electric
field 2

7 Electrical conductivity Should have a good
insulating property

Should be moderately conductive to remove static charges but
not highly conductive which can cause short-circuiting 2

8 Flammability Should not be flammable
under high heat

Should not be inflammable under high heat and electrical
discharge conditions All

9 Flash point High flash and fire points are
desired

The flash and fire points need to be very high compared with
ICE All

10 Heat transfer
Should have moderate to

high heat transfer coefficient
to dissipate engine heat

Should have a high transfer coefficient and cooling property to
remove large heat generated due to high motor speed 1,6

11 Longevity

Should last an acceptable life
time, needs refilling and oil
change. Many new models
are designed for fill-for-life

Long life or fill-for-life preferred All

12 Pour point
Low to moderate pour point

of lubricant is acceptable
depending on geography

Pour point for EV lubricant, for the same geographical location,
would be the same as that of an ICEV lubricant. However, low

pour point is desired for operability at wider environmental
conditions at the global scale for new EV designs

All

13 Temperature stability
Should be stable in the

working temperature range
of the engine

Should be stable under a wide temperature range and be able to
withstand sudden and multiple thermal shocks and temperature

gradients
2–5

14 Viscosity High viscosity preferred to
support the bearing load

Low viscosity preferred for better cooling performance (Van
Rensselar, 2019) 1–6

15 Volatility

Should not be volatile under
the influence of thermal and

pressure variations of the
engine

Should have even better volatility resistance than ICE oils
considering frequent start stops and shock loads All

16 Water resistance
Should have water resistance
and a hindrance to water in
oil type emulsion formation

Should have higher water resistance and hydrophobicity to
avoid electro-wetting All

17 Wear resistance Should have anti-wear
properties

Should not lead to wear of components at high temperature and
electric field conditions 2–5

1 In reference to specific lubrication types required for vehicles in Figure 3B. 2 The location numbers are in reference to the labels present in
Figure 3B.
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Figure 3. (A) Comparison of battery and ICE sizes and (B) an image of the main areas where lubrication is required in an EV
(Tesla), hybrid electric vehicle (HEV) (Volkswagen NetCarShow), and ICEV (Subaru Forester showroom), respectively [15].
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3.7. ASTM Standard Test Development for Grease Used in EVs or HVs

Various ASTM standard tests [34] have been developed to ensure the required perfor-
mance specifications for grease operation in EVs or HVs. Among these ASTM standard
tests, the most important test parameters are shown in Table 3. For example, oil viscosity is
developed according to the load, speed, and operating temperature of the application [32].
While viscosity should be reduced to minimize friction loss, too low of a viscosity hinders
durability and causes the lubricant to leak out of the bearings. This brings into play oxida-
tion properties and dropping point when in extreme temperatures. Oxidation, enhanced by
spark discharges, deteriorates the oil and increases the chances of sludge buildup, which
hinders thermal control from the motor. Additives are added to modify these properties,
but some may be counterintuitive and shorten the life span of the grease. Lastly, the lubri-
cant must maintain electrical properties such as volume resistivity, dissipation factor, and
dielectric strength to avoid electrical losses in the system [32]. Overall, the lubricant must
be formulated to balance all these requirements. Table 4 depicts specific grease properties
that must be tested today for operation in EVs or HVs.+

Table 3. Laboratory test specifications for electrical properties (adapted from [34]).

Test Specification Required Characteristics

ASTM D149 Dielectric strength
ASTM D257 DC resistance or conductance
ASTM D1816 Dielectric breakdown voltage of insulating liquids
ASTM D2624 Electrical conductivity of aviation and distillate fuels
ASTM D4308 Electrical conductivity of liquid hydrocarbons

GRW or SKF Be Quiet Grease noise bearing test (company tests)
To be developed Loss tangent tan δ

To be developed Relative permittivity

Table 4. ASTM laboratory test specifications for functional driveline fluids or greases (adapted
from [34]).

Required Characteristics Test Specification

DIN 51819 FAG FE8 (wear of rollers) Superior wear properties under accelerated
rolling contact fatigue

DIN 51821 FAG FE9 Grease life/oxidation stability
ASTM 02265 Dropping Point High operating temperatures

IP 121, ASTM D1742, ASTM D6184 Excellent oil release properties
ASTM D4170, D7594 Fretting Fretting wear resistance and low friction

SNR FEB2 (company test) False brinelling test
ASTM 06138 Anti-Rust Test Corrosion resistance

ASTM D1478 Col start torque Low-temperature torque
ASTM D4950 NLGI Grade Consistency

ASTM D217 Worked Cone Penetration (100Kx) Mechanical/work stability
ASTM D1831 Grease roll stability Resistance to physical degradation

ASTM D2266, D2596, D7421, D5706 Extreme pressure (EP) properties
ASTM D1264 Water wash out Water resistance

ASTM D4289 Elastomer compatibility Seal compatibility

Courtesy of Kuldeep Mistry and The
Timken Co.

In addition, ASTM Corrosion Tests [32] for grease have been developed such as the
ASTM D4048 Copper Corrosion from Grease, D5969 Corrosion of Grease in Sea Water,
and D1743—Corrosion Preventive Properties of Lubricating Greases. ASTM offers other
basic lab test methods for specific properties related to electric fields and thermal cooling
conditions, which have yet to be reviewed and assessed for greases used in EVs or HVs. A
future publication for further standard test methods will be addressed.
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4. Conclusions

Greases have been used in manufacturing and automotive industries and have been
rapidly evolving in recent decades to meet the demands of modern automobiles. While
some greases have specific niche applications, the most common ones are those that
are versatile and can be used in a wide variety of situations. Lithium-based greases, for
example, are some of the most popular greases on the market due to their wide temperature
tolerance and high dropping point. The reason for their popularity is due to the effective
solution for a major cause of grease failure—high temperature. Greases operating at high
temperatures and loads for ICEVs’ components cannot be applied for EVs. EVs or HVs,
while they also produce heat, prefer to operate in cooler conditions, requiring specific
greases that can function at those temperatures as well.

Furthermore, one important aspect of EVs or HVs not present in ICEVs is the specific
performance requirements of electrification components. These create electromagnetic
fields and electrical currents, leading to potential issues as the field can transfer energy with-
out the need for a physical medium. It became common for greases—especially thermally
and electrically non-conductive ones—to absorb too much of the energy and eventually
degrade due to oxidation and evaporation. The difference in operating conditions leads to
a difference in requirement of lubricants in the two vehicles. The preferred cooler tempera-
ture of EVs leads to the pursuit of both a lower viscosity and density of lubricants while
the opposite is true for ICEVs. While ICEVs are abundant today, EVs will undoubtedly
become the future and their lubrication and grease components will be a focal point.

The major differences between EVs and conventional ICEVs can be grouped into the
following technical areas: energy efficiency, noise, vibration, and harshness (NVH) issues
and the presence of electrical current and electromagnetic fields from electric modules,
sensors and circuits, and bearing lubrication. Additional considerations include thermal
transfer, seals, corrosion protection, and materials’ compatibility. The authors will review
the future development trends of EVs/HVs on driveline lubrication and thermal manage-
ment requirements. The future development of electric vehicles will globally influence the
selection and development of gear oils, coolants, and greases, as they will be in contact
with electric modules, sensors, and circuits and will be affected by electrical current and
electromagnetic fields.

The increasing presence of electrical parts in EVs/HVs will demand the corrosion
protection of bearings and other remaining mechanical components. Thus, it is imperative
that specialized greases should be explored for specific applications in EVs/HVs to ensure
maximum protection from friction, wear, and corrosion to guarantee the longevity of the
operating automobile.
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