LUBRICANT PROPERTIES AND LABORATORY
TEST TECHNIQUES THAT ARE SPECIFICALLY
ESSENTIAL TO ELECTRIC VEHICLES

It is impossible to deny that over the past two decades, electric vehicles (EVs) have seen a drastic increase in popularity

among consumers. Consumer spending on electric cars in 2020 totaled $120 billion, a 50% increase compared to 2019,

with quickly expanding markets in China, Europe, and the United States. EVs have advantages such as a 10 cent per mile

lower operating cost than traditional internal combustion engines (ICEs), lower greenhouse gas emissions, and performance

benefits that have made EVs incredibly appealing to the general public. This fast ascent to relevance for EVs has put some

of the largest corporations in the automotive industry such as Mercedes-Benz, Ford, Honda, and Volvo on notice since they

have all made promises to make a complete transition towards only producing EVs by 2030.

Furthermore, many areas of the world have begun shifting future
infrastructure plans to better accommodate EVs as legislation to
phase out ICEs has slowly gained popularity among legislators.
However, a complete overhaul of the automotive industry

would prove to be difficult as EVs require a very high degree of
specialization in their lubricants to function. With EVs being still
relatively new, there is still much to learn on how to fully optimize
the performance of the electric engine, and new types of lubricant
formulations are tested every day to attempt to do so. For these
reasons, it is vital to understand the specifications and test
methods for EV lubricants and how they drastically vary from those
of ICE vehicles.

The first main difference is the need for the EV lubricant to react
well when in contact with the electrical components of the motor.
The lubrication for ICE vehicles has never had to be adjusted

for this problem as all of the components receiving lubrication
did not have any electrical components for the lubricant to
come in contact with. In EVs, many components such as electric
modules, cable insulations, sensors, and circuits come into
contact with lubrication. For this reason, the lubrication must be
able to come into contact with the copper in these mechanisms
without corroding it. To test for this compatibility ASTM D-4048
is employed to analyze and measure the amount of corrosion
caused by the lubricant on a copper strip. The test begins by first
polishing a copper strip sample and completely immersing the

copper test strip into a tightly packed grease sample heated in an
oven at 100 °C (1 °C) for 24 hours (+ 5 minutes). After the test
is complete, the copper strip is removed, wiped down to remove
excess grease, washed off with acetone, and visually compared
to the ASTM Copper Strip Corrosion Standards to find the degree
of corrosion. The test ranges include freshly polished, slightly
tarnished (1a to 1b), moderately tarnished (2a to 2e), dark tarnish
(3a to 3b), and corrosion (4a to 4c), with the lower number ratings
being more desirable. Typical lubricants often contain a sizeable
amount of sulfur as sulfur is known to have positive lubricating
effects. The high amounts of sulfur not only negatively affect the
environment but is also a main reason copper corrosion occurs.
Copper corrosion is most commonly caused by the presence of
copper sulfide, typically formed when the sulfur components of
the lubricant interact with copper surfaces. The corrosion leads
to the formation of wet films on the electrical components,
creating electrical failures. This test has recently been updated to
be performed on a copper wire instead so that it more accurately
represents what the lubrication will be coming in contact with.
This test is vitally important as lubrication is often used on parts
such as bearings that contain copper or copper alloys where any
excessive corrosion on the bearings can cause premature bearing
failures leading to lots of damage to the machine.

A second difference between the testing methods for EV and ICE
lubrication is the test for high-speed foaming. Whereas standard

ICEs hover around the range of 1500-3000 rpm, electric motors
are designed to be compact to save weight and space, making
higher rotational speeds of up to 18,000 rpm a possibility. Under
these high rpm conditions, the motor is under great stress,

which can cause fluids to foam and damage the surfaces of the
components. The foaming occurs because of excessive agitation
to the lubrication caused by the high rpm of the motor, which can
result in a compositional breakdown of the lubricant, separating
the grease component from the other additives. This then allows
for air to infiltrate the lubricating oil, forming foam. This foaming
could theoretically happen in ICEs as well; however, due to the
drastically greater rom’s the electric engine creates, the foaming

is much more prevalent and therefore much more important to
test for in EVs. The Foam Test, ASTM D-892, is performed by
placing two samples of the lubricating greases in a diffuser at two
pre-established temperatures 24 °C (+ 0.5 °C) and 93.5 °C (=

0.5 °C). Air is then blown through the samples at a constant and
controlled rate of 94 mL/min (x5 mL/min) for 5 min and allowed
to settle for 10 minutes. Foam height and volume is measured

at the end of both periods and the final foaming tendency is
reported as a series of values starting with the volume of foam (in
mL) after 5 minutes of blowing air through the oil, followed by the
volume of foam (in mL) after 10 minutes without air. This test is
vital for EVs as a lubricant with insufficient resistance to foaming
can cause cavitation. Cavitation is the formation of air bubbles in
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the fluid due to the lowering of the pressure in a liquid, which
then implodes in the higher-pressure regions of the system. This
implosion can be powerful enough to create holes or pits in

even hardened metal if the implosion occurs close to the metal’s
surface. Foaming also increases the volume of the lubricant which
can lead to numerous undesirable effects. Firstly, the increase in
volume usually decreases both the performance and life of the
lubrication, which negatively impacts the efficiency of the EV.
Secondly, the increase in volume can lead to overflow resulting in
a significant loss of lubrication which results in components being
insufficiently lubricated leading to mechanical failure.

A third difference between the testing methods for EV and

ICE lubrication is the need to test for dielectric strength and
breakdown voltage. As many more components of the drivetrain
(AC/DC inverter and converter, lithium-ion batteries, and the
electric motor) have more advanced and higher voltage circuitry
in EVs than in ICE vehicles, these measurements of electrical
resistance are vital for EVs. Dielectric strength is defined by the
maximum voltage required to break down a specific material
and is tested through ASTM D-149. The dielectric strength test

is performed by placing the test sample between two electrodes
in air or oil. Voltage is then increased at a uniform rate from 0 to
the dielectric breakdown point is reached, which can be observed
by an electric burn-through or decomposition in the sample. Two
alternate test methods also exist, the slow-rate-of-rise method
and the step-by-step method. The slow-rate-of-rise method has
the same setup but begins at 50% of the breakdown voltage
and increased at a slower uniform rate. The step-by-step method
also begins at 50% of the breakdown voltage, but from there
the voltage is increased in equal incremental jumps rather than
gradually increasing the voltage at a uniform rate. The final data
is recorded in volts per unit thickness by dividing the recorded
breakdown voltage by the thickness of the sample. Dielectric
strength is pivotal as the high voltages and amps present within
the circuitry of EVs would be harmful both to the materials of
the vehicle and the operator if they came into contact. Having
lubrication with high dielectric strength makes the lubrication act
as an insulator of sorts, further separating the harmful currents
from the operator. The dielectric breakdown voltage is defined
by the minimum voltage that causes a portion of an insulator to
become electrically conductive. This test is performed by ASTM
D-1816 where mushroom-shaped electrodes (representative

of the ones used in transformers) apply increasing amounts of
voltage (from O increasing at a rate of .5 kV/s) to a liquid sample
until five sequential breakdowns occur and then the calculated
mean is the breakdown voltage. For the duration of the test, the
test sample is being constantly stirred and circulated throughout
the test cell to ensure the voltage is being applied evenly for
accurate results. Dielectric breakdown voltage is also vital as it
indicates the lubricant’s ability to withstand electric stress without
failure. In an EV, lubrication will regularly come into contact with
electric currents, and if any decomposition occurs the lubricant
can fail, causing damage to the machine.

The fourth and final main difference between the testing
methods for EV and ICE lubrication is the test for the life of

the lubrication at elevated temperatures in ball bearings. The
temperature test is relevant for both EV and ICE vehicle lubricants;
however, EVs operate with considerable temperature variations
and with much higher torques compared to ICE vehicles. This
higher torque correlates to more frictional force being applied

to the components, generating more heat, resulting in a greater
temperature range for EV lubricants. The test method, outlined
by ASTM D-3336, begins with lubricating an SAE No. 204-sized
ball bearing. This ball bearing is then rotated at 10,000 rpm under
light load at a specified test temperature as high as 371°C until
failure or completion of the specified run time. The main problem
with this test is that it has not yet been properly adjusted to fit
the needs of EV specifications. This test works as a good stress
test for ICE vehicle lubrication as the ball bearings in that system
are only usually subjected to 6000-10000 rpm. However, in
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EVs, the ball-bearing lubrication must endure up to 20,000 rpm
making the range of the current standardized test insufficient. |
would suggest a separate procedure for EV lubricants be created
under the ASTM D-3336 regulations or for an entirely new test
to be created to properly simulate the high rpm inside of an EV.
This test is vital as lubrication must maintain its composition under
high temperatures caused by friction and motor operation. If the
lubricant were to decompose under these high temperatures,

the lubrication would become unable to effectively protect the
surface of the machinery. This would leave parts of the machinery
under-lubricated, causing increased wear and damage.

As the performance of EVs continues to rise and as more
corporations make the transition to EVs, it is becoming
increasingly important to understand the higher degree of
difficulty that comes with lubricating EVs. With the future

of mobility shifting to electric testing methods regarding the
lubrication of EVs must be adjusted. Due to the drastically
greater rpm of the electric motor, tests for foaming, lubricity,

and high-temperature performance must be more strenuous to
accurately simulate the conditions the lubrication will be applied
in. Furthermore, as EVs contain many more electrical components
than their IC vehicle counterparts, the lubrication in EVs must
also avoid corroding copper and prevent itself from acting

as an insulator so that electric current is not carried to other
mechanisms in the car or the operator. It is possible to develop
lubrication that passes these unique and strenuous tests, but as
the performance of EVs increase (possibly seeing ball bearing rpm
increase to nearly 30,000 rpm by 2025), standardized tests will
continuously need to be created and updated to accurately assess
if the lubricant will survive in an EV.
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