vy 20

O stle -

OOy 2O

INNOVATING THROUGH TRIBOLOGY & LUBRICATION

2026 STLE Annual Meeting Electric Vehicles Track Information

Monday, May 18, 2026
1D Celestin F

Electric Vehicles I: Physical Analysis & Testing Methods

Session Chair: TBD
Session Vice Chair: TBD

8:00 - 8:40 am
4435197: Correlating High-Shear Rig Tests with High Shear-Air Sparge Test for ICE and EV Lubricants
Safia Peerzada, Munzing North America, LP, Bloomfield, NJ

Automotive lubricants (engine oils and transmission fluids) operate under extreme high-shear conditions
that can cause the stabilization of foam and entrained air, significantly degrading fluid performance.
Current industry standards, such as ASTM D892 and ASTM D3427, fail to incorporate the high shear
component, leading to inaccurate laboratory predictions of fluid aeration and foaming profiles. This study
explores the correlation between real-world rig tests and the High Shear-Air Sparge Test (benchtop
foaming test) for traditional Internal Combustion Engine (ICE) and Electric Vehicle (EV) fluids. The study
aims to establish a more representative and predictive laboratory evaluation method that can aid in
optimizing the formulation of these fluids.

8:40-9:00 am
4422433: High Speed Aeration Test Development and Findings for e-Fluids
Masahiro Ishikawa, Scott Campbell, Infineum USA, Linden, NJ

In automotive electrification, motors and gear boxes operate at extremely high speeds, as compared to
internal combustion engines for which the foaming test methods ASTM D892 and D6082 have been
commonly used. At higher speeds of >20,000 rpm, aeration increases and a lubricant’s ability to release
air becomes even more critical for proper lubrication. High speed aeration performance becomes critical
when formulating low viscosity e-fluids for improved efficiency. Infineum have developed the fully
integrated High-Speed Aeration Test (HSAT) unit, using a homogenizing aggregator that generates
extremely high speeds (up to 27,000 rpm). A correlation study between the HSAT and ASTM D892 and
D6082, standard foaming tests, show no sign of correlation. HSAT has properly differentiated e-fluid
viscosity while ASTM tests D892 and D6082 could not. This paper addresses the further findings from
HSAT studies such as base oil, viscosity modifier, and other additive effects.



9:00-9:20 am

4406109: An Average Reynolds Equation Incorporating Electric-Field-Induced Lubricant Polarization
Xiaoman Wang, Q. Jane Wang, Northwestern University, Evanston, IL; Dimitrios Skaltsas, National
Technical University of Athens, Athens, Greece; Ning Ren, Valvoline Global Operations, Lexington, KY

Lubricants in electric vehicles (EVs) operate under multifield conditions, where dielectric polarization
induced by external electric fields can alter lubrication behavior. Understanding how surface roughness
affects this electrically induced flow is critical for advancing multifield lubrication theory. In this work, the
Pati—Cheng average Reynolds equation is extended by introducing a body-force term that accounts for
polarization effects within dielectric lubricants. Following the statistical averaging framework,
representative model problems are solved to obtain new flow factors that describe the averaged
electrohydrodynamic transport through rough surfaces. The resulting formulation provides an average
Reynolds-type equation incorporating polarization effects, offering a tool for analyzing lubrication
systems in EV bearings and related electro-mechanical applications.

9:20 - 9:40 am

4437430: Viscosity Effects on Efficiency & Wear Performance of Transaxle Fluids for Electric
Vehicles

Pedro Cawich, Idemitsu Lubricants America Corp., Wixom, Ml

In recent years, with the tightening of environmental regulations, reducing energy loss is required in many
fields of industry. OEMs have developed electric vehicles (EVs) with transaxle (E-axle) units that can
contribute to improve efficiency in passenger cars. Many OEMs have invested heavily in developing new
electric motors with innovative designs but maintain using common ATFs. New motors have increased
and more severe requirements those fluids need to be optimized to meet optimum efficiency. Previous
studies showed that using fluids with lower viscosity or lower traction coefficient in HEVs/EVs
transmission system could potentially give a better motor performance. In this study, the impact of
viscosity on total efficiency was investigated using a formulation designed for an electric drive unit along
with its impact on gear wear performance. Additionally, it was investigated on how to improve the gear
wear performance of this low viscosity fluids.

9:40-10:00 am
4437281: Oil Aeration: Who’s to Blame, the Fluid, the Machine, or the Conditions?
Ricardo Hein, Conexo Inc., Acworth, GA

Oil aeration is a complex process influenced by the interplay between the lubricant’s aeration properties,
the mechanical configuration of the system, and its operating conditions. Mechanical factors such as
sump design, oil agitation, and flow geometry contribute to air release, but the formation, dispersion, and
persistence of air bubbles depend mainly on the fluid formulation, which determines the oil’s ability to
reject air. This property can be measured using an aeration testing method. In addition, operating
temperature, contamination, oxidation, and aging modify the oil’s ability to entrain or release air.
Understanding the aeration properties of the oil, along with the combined effects of these variables, is
essential to predict aeration behavior and to design lubricants and systems that minimize its negative
impact.

10:00 - 10:30 am - Break



2D Celestin F

Electric Vehicles IlI: Lubricants

Session Chair: TBD
Session Vice Chair: TBD

1:40 - 2:20 pm
4419018: Maximizing Electric Vehicle Efficiency: Matching Fluids to Drive Unit Design
Hitesh Thaker, Hahn Soo Kim, Infineum USA L.P., Linden, NJ

As electric vehicles (EVs) become increasingly mainstream, optimizing the energy efficiency of electric
drive units (EDUSs) is critical for reducing environmental impact and extending vehicle range. Multiple
EDUs were tested using both ultra-low viscosity and reference fluids under controlled conditions. Results
show that while ultra-low viscosity fluids can improve efficiency, the extent of improvement varies
significantly depending on EDU design and operating conditions. These findings highlight the importance
of matching fluid properties to specific hardware to maximize energy efficiency in electric vehicles.

2:20-2:40 pm
4422380: Enhancing Efficiency in Electric Drive Units (EDUs) through Lubricant Optimization
Matthew Hauschild, Evonik Oil Additives, Horsham, PA

In this study, we explore the impact of lubricant composition on the overall efficiency of a wet coil
Electric Drive Unit (EDU) under multiple driving cycles such as the Worldwide Harmonized Light Vehicles
Test Cycle (WLTC), Artemis Urban, and Sierra-Nevada. Our study focuses on variations in kinematic
viscosity (ranging from 3 to 6 cSt), viscosity index (ranging from 130 to 350), and base oil type (mineral,
synthetic, and ester).

Our results demonstrate that by increasing the lubricant viscosity index efficiency gains across multiple
driving cycles can be achieved without compromising durability which is consideration growing in
importance for future EDU units.

2:40-3:00 pm

4399879: Latest Fluid Developments for E Application and Their Effect on Performance and
Efficiency

Torsten Murr, Shell Global Solutions Deutschland, Hamburg, Germany

With the automotive world looking now already into the 2nd & 3rd generation of E Fluids, lubricant
manufacturers are designing fluids that can best protect highly integrated electric powertrains with
improved efficiency to support extended ranges of BEV s without compromising on hardware
requirements. Low viscosity solutions are not always the only solutions. The new fluid solutions are
providing lower CO; intensive products to decarbonize the lubricant. In order to balance the technical
properties and requirements with available and more sustainable components and base oils, Shellisin
the position to demonstrate efficiency performance on driveline test cells and generate test data setin
different accepted test cycles like WLT/ CLTC/ US06 & JCO08. In summary the study aims to generate data
to understand performance aspects like efficiency and the potential to formulate low viscous fluid
solutions, oxidation stability, material compatibility and CO, footprint.

3:00 - 4:00 pm - Exhibitor Appreciation Break



4:00-4:20 pm
4437091: Pushing the Boundaries of Ultra-Low Viscosity EV Fluids: The Role of Esters
Gareth Moody, Chris Clayson, Aaron Huguet, Alexei Kurchan, Cargill, Goole, United Kingdom

As electric vehicle (EV) technology evolves, gear fluid formulations are being pushed to new extremes,
with future targets aiming for viscosities as low as 3 cSt at 100°C—or even lower—moving beyond the
first-generation 6+ cSt fluids. This study explores the challenges of formulating fluids at such ultra-low
viscosities, focusing on critical aspects like physical properties, safety, durability, and overall
performance.

We highlight how esters can play a transformative role in overcoming these limitations. Their unique
properties not only enhance efficiency and thermal management—especially in wet motor
applications—but also improve key physical parameters like flash point, NOACK volatility, and wear
protection. These benefits help ensure the fluid meets demanding performance standards while
safeguarding EV hardware.

4:20-4:40 pm

4437227: Rolling Contact Fatigue Behavior of Water-Based Lubricants for Electric Vehicle
Applications

Elizabeth Kotzalas, The University of Akron, Akron, OH

Water-based lubricants have emerged as promising eco-friendly alternatives to conventional oils for
next-generation electric vehicle drivetrains. This study examines the rolling contact fatigue performance
of water-polyethylene glycol (WPEG) and water—polyalkylene glycol (WPAG) formulations using a three-
ball-on-rod configuration. Tests evaluated endurance life, surface degradation, and film formation under
controlled loading conditions. Preliminary results indicate that while water-based lubricants typically
exhibit shorter fatigue lives than conventional oils, their performance can be augmented through the use
of additive formulations. Current efforts focus on additive packages that mitigate corrosion and
strengthen stability, improving durability in rolling contacts. These findings demonstrate the potential of
water-based systems to deliver sustainable lubrication solutions for electric vehicle applications, where
efficiency and environmental impact are increasingly critical.

4:40 - 5:00 pm
4419805: Exploring Water-Based Lubricants for Enhanced Performance in Electric Vehicles
Xin He, Christelle Chretien, Syensqo, Levittown, PA

Water-based lubricants (WBLs) are emerging as sustainable and thermally efficient alternatives for
electric vehicle (EV) applications. This study explores the feasibility of using WBLs in dry e-motors and
motors equipped with polymer-insulated copper wiring. A range of additives were evaluated, with the
most effective formulations significantly reducing wear and friction coefficients while improving extreme
pressure performance. Rust and corrosion were effectively managed, ensuring reliable operational
performance. Owing to the high thermal conductivity of water, WBLs exhibited superior heat dissipation
compared to oil-based lubricants of similar viscosity. Overall, the findings suggest that WBL technology
can enhance both energy efficiency and thermal management in specific e-motor designs, presenting a
promising solution for next-generation EVs.



Tuesday, May 19, 2026

3D Celestin F

Electric Vehicles lll: Tribology, Wear & Surface Engineering

Session Chair: TBD
Session Vice Chair: TBD

8:00 - 8:40 am
4403159: FVA: Beyond the Bearing: The Role of Drivetrain Impedance on Parasitic Currents
Volker Schneider, Max Marian, Leibniz University Hannover, Garbsen, Germany

Parasitic bearing currents in inverter-fed drivetrains are often studied at the component level, yet failures
arise from system-wide interactions. This study demonstrates that impedances of the entire drivetrain
govern current paths, affecting not only bearings, but also gears. Using a modular impedance-based
simulation, it was quantified how inverter switching, machine design, and mechanical contacts interact
to create harmful current loops. It was shown that countermeasures applied at a single location, such as
hybrid or insulated bearings, or grounding brushes, can be ineffective or even shift harmful currents to
other machine elements like gearbox bearings or gear contacts. This study emphasizes that only a
system-level perspective, considering inverter, motor, bearings, and gearbox together, enables reliable
prediction and mitigation of parasitic currents in electrified drivetrains.

8:40 -9:00 am

4422516: Electrified Tribological Behavior of Bearing Balls: Effect of Carbides and Electrical Current
in Four Ball Tests

Andys Hernandez Pena, Leonardo Farfan-Cabrera, Tecnologico de Monterrey, Monterrey, Nuevo Leon,
Mexico

The rapid adoption of electric vehicles (EVs) has intensified research on the effects of stray electrical
currents in tribological contacts, as currents can alter wear and friction in bearings. Since bearing steels
rely on microstructural features for performance, the role of spherical carbides is relevant in electrical
environments. In this study, AlSI 52100 balls with two different carbide contents were tested through
electrified four-ball testing. Increasing levels of current (0-4A) were evaluated for PAOG oil-lubricated
contacts under ASTM D4172 conditions. Balls with higher carbide fractions exhibited lower friction and
wear at 0OA but showed increased wear and friction with current, whereas those with fewer carbides
displayed higher friction and wear at OA but that behavior remained stable under electrification. The
results demonstrate that the content and distribution of spherical carbides significantly govern current-
induced friction and wear mechanisms.

9:00-9:20 am

4436647: Numerical Simulation of Surface Material Removal Induced by Arcing in Lubricated
Interfaces

Calvin Davies, Xiaoman Wang, Q. Jane Wang, Northwestern University, Evanston, IL

Electrically induced bearing damage (EIBD) is a critical challenge in the lubrication of electrically
powered machinery, occurring when the electric field exceeds the dielectric strength of the lubricant film
and initiates arcing that damages the surfaces of machine elements. This study numerically investigates



the material removal from a single arcing event. Based on the breakdown voltage subjected to electric-
field enhancement caused by surface asperities, a transient arcing heat-transfer model is developed to
simulate heat generation during an arcing event. Using a proportional factor and the simulated plasma
channel radius, the magnitude and spatial distribution of heat transferred to the surface are determined.
A transient heat conduction analysis is then performed, and the removal volume is calculated as the
region exceeding the melting temperature. The results provide a quantitative modeling framework for
linking arcing events to surface damage in EIBD.

9:20-9:40 am

4437511: Engineering MXene Layers for Tunable Electrical and Frictional Performance

Kailash Arole, Micah Green, Hong Liang, Texas A&M University, College Station, TX; Humaun Kabir, Texas
A&M University, Bryan, TX

MXenes are two-dimensional (2D) materials made of stacked atomic layers that conduct electricity and
provide low friction. In this work, we developed an intercalation-based technique to tune both electrical
conductivity and friction behavior of multilayer Ti83C2Tz MXene by inserting small molecules between its
layers. Intercalants of different sizes—LiCl, NaOH, urea, DMSO, and TBAOH—were used to control the
layer separation without damaging the structural integrity. This modification reduced electrical
conductivity due to higher internal resistance but significantly lowered the coefficient of friction,
achieving up to a 20% reduction through easier sliding. The resulting coatings showed excellent
adhesion, uniformity, and wear resistance, attributed to hydroxyl-rich surfaces. This study highlights
intercalation as a powerful approach to engineer MXene surfaces for multifunctional, electrically
tunable, and lubricious coatings in next-generation mechanical and energy systems.

9:40-10:00 am
4422308: Exploring the Electro-tribological Behavior of Laser Cladded High Entropy Alloys
Dongyun Lee, Mkpe Kekung, Sougata Roy, lowa State University, Ames, IA

The electrification of drivetrains inevitably induces current flow through mechanical components. When
current is applied to gears and bearings, their susceptibility to wear and surface damage increases. High-
Entropy Alloy (HEA) coatings fabricated via Laser Directed Energy Deposition (LDED) can provide superior
wear resistance. In this study, the tribological behavior LDED-fabricated HEA coatings (CoCrFeNi,
CoCrFeNiAl, CoCrFeNiTi) under electrified conditions were evaluated and compared against that of
uncoated AlSI 8620 steel. Reciprocating sliding tests were conducted under lubricated (PAO4)
environments with an applied current of 1.5 A. These findings demonstrate the potential and challenges
of leveraging additive manufacturing-based approaches to modify surface properties for components
experiencing electric current which can be relevant to wind turbine or electric vehicle gearboxes and high
speed rails.

10:00 - 10:40 am - Break

10:40-11:00 am

4437355: Tribological Analysis of EV Motor Disassembly for Application in Water-Based Lubricant
Testing

Nick Roski, Elizabeth Kotzalas, Christopher DellaCorte, Juan Bosch Giner, University of Akron, Akron, OH

A 2014 Nissan Leaf (EV) motor was dismantled and examined in detail to determine bearing layout,
design, and operating parameters: including lubricant properties, load, speed, preload, and geometry.
Distinctive wear features were documented using profilometry, and the findings were applied to modify



the conventional three-ball-on-rod rolling contact fatigue (RCF) method to mimic EV operating
conditions. Protocols and conditions are provided for future testing to evaluate the feasibility of using
water-based lubricants (WBLs) in place of conventional oil and grease, which, if successful, could serve
as both the coolant and lubricant in a “single fluid” EV powertrain potentially reducing cost, complexity,
and power consumption.

11:00-11:20 am

4427336: Tribological Behavior of Carbon-Based Coatings via Multi-Modal Surface and Friction
Analyses

Gugyeong Sung, Texas A&M University, Bryan, TX; Ali Erdemir, Texas A& M University, College Station, TX

This study presents the friction and wear behavior of three different DLC coatings: ta-C, H-DLC, and G-
DLC under electrified conditions. The existence of distinct differences among the samples were revealed
through multi-modal analyses, which include coefficients of friction (CoF) and contact resistance,
surface topology, raman characterizations, and SEM/EDS. While ta-C and G-DLC allowed current flow
through from the beginning of the pin-on-disk test, H-DLC acted as a strong insulator. However, it showed
structural degradation over time. ta-C had the highest wear but showed stable CoFs regardless of
electrified conditions. In contrast, G-DLC exhibited the lowest wear under electrified conditions. In fact,
its CoF was even lower than that under unelectrified conditions. Distinctive material transfer and
oxidation behaviors were identified through quantitative evaluations; therefore, this study will provide
insights for optimizing carbon-based coatings in electrical contact applications.

11:20-11:40 am

4437486: Catalytically Active Nanocomposite (CANC) VN-Cu Coatings for Electrohydraulic Pumps:
Tribological Performance in Automotive Fluids

Osman Eryilmaz, Oyelayo Ajayi, Cinta Lorenzo Martin, Aaron Greco, Argonne National Laboratory,
Lemont, IL

Electrified and hybrid powertrains rely on compact electrohydraulic units; gerotor brake boost pumps,
clutch actuators, thermal management pumps, operating with tight gaps. To cut parasitic losses and
extend service intervals, we evaluated VN-Cu catalytically active nanocomposite (CANC) coatings that
form low shear tribofilms in representative fluids. Ball-on-disk and reciprocating tribological tests were
conducted to quantify the performance of VN-Cu catalytically active nanocomposite (CANC) coatings
versus uncoated 52100 steel and sintered-metal substrates in four fluids: DOT3-4 DBF46, and Dexron VI.
Across ball-on-disk and reciprocating tests in brake fluids, VN-Cu CANC coatings reduced coefficient of
friction from 0.12 to 0.03 and eliminated or minimized wear, while uncoated pairs showed pronounced
wear. Overall, CANC coatings deliver robust, durable tribological performance under boundary
lubrication, with performance contingent on fluid chemistry and surface finish.

11:40 am - 12:00 pm

4429398: Effect of Sliding Conditions and Oil Supply Methods on Micropitting

Takuto Kunii, Rtec-Instruments K.K., Kashiwa, Chiba, Japan; Kaisei Sato, Shinya Sasaki, Tokyo University
of Science, Tokyo, Japan

With growing electric vehicle adoption, high-speed drivetrain components face increased sliding stress
and accelerated micropitting, challenging durability. In this study, we evaluate how lubrication method
and oil-supply rate influence micropitting under controlled sliding conditions. Using a four-roller
tribometer under negative SRR, tests were run at 3 m/s and 6 m/s, varying SRR, contact pressure,
lubrication mode, and supply volume. Surface damage deeper than 1 um was quantified as Damaged



Area Percentage (DAP). Forced lubrication and adequate oil supply markedly reduced micropitting
damage and crack propagation, while increased SRR intensified damage. These outcomes highlight that
both delivery method and supply rate are critical for enhancing surface durability in high-stress sliding
environments.

4D Celestin F

Electric Vehicles IV: Cooling System and Thermal Management

Session Chair: TBD
Session Vice Chair: TBD

2:00-2:40 pm
4437590: Framework for Evaluating Immersion Cooling Fluid Behavior in Electrified Applications
Anthony Khoraych, Advanced Test and Automation Inc., Milton, Ontario, Canada

Reliable thermal management is essential for the performance, safety, and longevity of electrified
systems and high-power computing hardware. A framework is outlined for evaluating immersion cooling
fluids under coupled electrical, thermal, and hydraulic conditions representative of real operation. The
method enables measurement of dielectric strength, fluid stability, and heat transfer efficiency through
controlled flow variation, voltage biasing, and dynamic thermal loading. The framework also incorporates
aeration measurement capability to assess how fluid formulation and additives affect air entrainment
and bubble stability. Minimizing aeration is critical, as trapped air reduces heat transfer, creates
hotspots, and compromises system reliability. Testing uses dedicated rigs for long-duration circulation,
transient heat flux cycling, and multi-sensor data collection, supporting fluid-agnostic benchmarking and
standardized evaluation of immersion cooling fluids across industries.

2:40-3:00 pm

4422331: Liquid Cooling and Heat Reuse in Data Centers: How Fluid Choice and Cooling Mode
Shape the Economics

Thomas Wellmann, FEV, Auburn Hills, Ml

As Al-era loads accelerate the shift from air- to liquid cooling technologies in data centers, the choice of
fluid and cooling mode fundamentally determines operation temperatures and potential waste heat
recovery. This presentation outlines a comparative framework for three liquid-cooling approaches (direct-
to-chip, single-, and two-phase immersion) and examines how each influences operation temperatures
and reusability of residual heat. Technology pathways are given for waste-heat utilization, including
district heating, heat-to-cold, and heat-to-electricity, and discuss integration considerations at typical
data-center temperatures. In addition to technical aspects (thermophysical properties, materials
compatibility), we provide an economic feasibility perspective and highlighting trade-offs that matter to
operators and municipalities. We conclude with an outlook on fluid trends—identifying properties and
classes of liquids that merit priority development for data-center.

3:00 - 4:00 pm - Exhibitor Appreciation Break



4:00-4:20 pm

4399813: A Study on Thermal Behavior of Dielectric Fluids in Immersion Cooling System for Pouch-
type Battery

Gaeun Lee, Hyundai Motor Company, Seoul, Republic of Korea

In this study, the thermal behavior of dielectric fluids in an immersion cooling system for battery thermal
management was experimentally investigated. A heat-generation simulator replicating battery operation
was developed, and comparative tests with multiple dielectric fluids were carried out to evaluate the
influence of their thermophysical properties on cooling performance. The role of battery cell spacing was
also examined, yielding design guidelines that reconcile energy density with effective heat dissipation. In
addition, extended immersion tests were conducted to assess the durability and stability of the fluids.
Monitoring the evolution of their thermophysical properties enabled predictions of fluid degradation
mechanisms and service life, offering practical insights into the long-term reliability of immersion cooling
systems.

4:20-4:40 pm
4426954: Evaluation of Dielectric Fluids for Immersion Cooling of Electric Vehicle Batteries
Akira Tada, Moeka Okamura, Junwen Han, Shingo Matsuki, ENEOS Corporation, Yokohama, Japan

Thermal management of electric vehicle (EV) batteries is becoming increasingly important to achieve
fast-charging in addition to ensure safety and durability. Because of higher heat transfer compared to air
cooling, indirect liquid cooling with water-based fluids is commonly utilized for commercial EVs.
Immersion cooling, where batteries are directly immersed in liquids, is attracting much attention for
more efficient thermal management. However, water-based fluids cannot be applied due to their high
electrical conductivity and dielectric fluids like hydrocarbons are promising candidates for the
application. We compared cooling ability between indirect and immersion cooling by CFD simulation
modelling a cooled battery module. We found that cells directly cooled by dielectric fluids showed
reduced temperatures. In addition, we experimentally investigated influence of fluid viscosity on
temperature change during cell charging. Lower viscosity fluids exhibited less temperature increase.

4:40-5pm
4491991: Investigation of Gear Scuffing Indicators in a 2-Stage E-Axle
Gregory Fialek, Hassan Nehme, Ashwin Clement Henry, Gamma Technologies LLC, Westmont, IL

The increasing operating speed range and loading conditions found in modern Battery Electric Vehicles
(BEV) have exposed concerns regarding premature gear wear. Conventional lubrication and cooling
approaches using splash lubrication by partially submerging gears in lubricant are inefficient and reduce
vehicle range. Increasingly more emphasis is being made towards spray lubrication of the tooth meshing
surfaces. Such investigations require the use of a detailed lubrication analysis at the tooth contact patch
to evaluate any localized (flash) temperature spikes that would indicate the onset of scuffing. A study on
a 2-stage reduction E-Axle application has been performed to evaluate lubrication performance under a
range of operating conditions seen by the highest loaded gear pair. The advantages of an elasto-
hydrodynamic lubrication (EHL) solution for this investigation will be shared along with some limitations
that identify requirements for future work.



Wednesday, May 20, 2026

5D Celestin F

Engine & Drivetrain I: Sustainable Powertrain: Engine Oils and Fuels

Session Chair: TBD
Session Vice Chair: TBD

8:00-8:40 am
4422634: Linking Oxidative Stability to Dispersancy: bisPIBAA vs PIBSI Under CEC L48 Conditions
Tim Coffy, Nicole Burich, Wayne Ouellette, TPC Group, Houston, TX

Modern internal combustion engines have been developed to be smaller, more powerful, fuel efficient
and lower emissions. These smaller engines have tighter tolerances and run at higher temperatures, so
they require lower viscosity oils that allow engine components to move with less resistance. In these
regimes, oxidation driven viscosity growth can diminish fuel economy and compromise performance,
while simultaneously degrading the availability of active dispersant to disperse soot. We previously
reported bisPIBAA showed significantly better oxidative stability (Lower viscosity growth) than
conventional PIBSI under CEC L48 oxidation conditions. Building on those results, this study evaluates
how enhanced oxidative stability preserves dispersant functionality and thereby improves soot
dispersion after oxidation under CEC L48 conditions.

8:40-9:00 am

4437018: Influence of Ammonia as Carbon-free Fuel on Engine Oil Performance

Nicole Dorr, Marcella Frauscher, Charlotte Besser, Adam Agocs, AC2T research GmbH, Wiener Neustadt,
Lower Austria, Austria

Decarbonisation requires a rethinking of energy systems that enable the efficient integration of
renewable electricity and alternative energy carriers such as hydrogen and ammonia. Ammonia is
particularly promising as fuel for marine applications. Yet, limited knowledge exists how ammonia and its
combustion products interact with engine oils. This presentation reports on a combined approach of
artificial oil alteration and performance testing to assess key parameters of fresh and aged engine oil:
additive depletion, corrosion properties, deposit formation, and load-carrying capability. Results reveal
that ammonia and nitrogen dioxide strongly influence engine oil performance compared to air: Nitrogen
dioxide intensifies oxidation and acidification, while ammonia enhances deposit formation.

9:00-9:20 am

4406068: Development of a Fully Synthetic Gas Engine Oil Meeting the Requirements of High
Transient Power Generation

Christoph Rohbogner, INNIO Jenbacher GmbH & Co OG, Jenbach, Tyrol, Austria

Current megatrends (Al, New Work, Sustainability) are driving the need for microgrids, data centers, and
mobile power. Large gas engines cover widely the demanding requirements of highly intermittent duty
cycles. The additional shift towards using low carbon fuels like hydrogen brings traditional GEO
formulations to their limits leading to more frequent drains. To resolve such limitations, a latest
generation fully synthetic gas engine lubricant has been developed. This lubricant allows for fast ramp up
and black start capabilities in low temperature environments. Extensive laboratory and field testing,



totaling more than 120,000 operating hours, was conducted to demonstrate the superior properties of
this cutting-edge formulation. These properties include excellent BN retention, viscosity control, low
evaporative loss, and extended oil lifetime. Furthermore, the lubricant can handle an admixture of up to
50% hydrogen to natural gas without requiring changes to the formulation.

9:20 -9:40 am
4436973: Engine Tribology Under Synthetic Fuel Operation - A Comprehensive Investigation
Nicole Dorr, Marcella Frauscher, Adam Agocs, AC2T research GmbH, Wiener Neustadt, Austria, Austria

Synthetic fuels are considered essential for achieving CO, reduction in the transportation sector. In this
study, commercially available reference fuel and blends with advanced synthetic components were
examined. A single-cylinder gasoline engine with a floating liner (AVL-FRISC) was employed to assess
friction under hybrid vehicle operating conditions, including a dedicated test cycle for lubricant
degradation. Used oils collected during the FRISC tests were analyzed for changes in viscosity and
density due to fuel dilution, additive depletion and degradation products using standardized methods
and high-resolution mass spectrometry. Wear protection was further evaluated with an SRV® tribometer,
focusing on wear and tribofilm composition via X-ray photoelectron spectroscopy. The results provide
insights into the physicochemical effects of advanced fuel blends on friction, oil degradation, surface
chemistry, and wear.

9:40-10:00 am

4425506: Optimizing Hydrogen Engine Oil Performance: A Study on Emulsion Handling and
Corrosion Resistance

Dinesh Bansal, Chevron, Richmond, CA

H2-ICEs are being explored as a viable solution to reduce CO2 emissions in transportation, power
generation, and off-road applications. H2-ICEs offer OEMs the advantage of retaining existing engine
architecture while achieving lower emissions compared to diesel engines. However, challenges such as
water build-up in the oil and pre-ignition impact engine life and durability. This study developed a custom
test cycle using a 7.4L 6-cylinder turbo-charged hydrogen engine for combined heat and power
applications. The test cycle included a hydration phase, where water content in the oil exceeded 10%,
and a dehydration phase, where water was completely evaporated. Two oils were evaluated and
differentiated based on emulsion stability and copper corrosion characterization. The engine test
validated bench test findings, identified key engine operating parameters influencing water
accumulation, and differentiated the oils based on emulsion characteristics and corrosion resistance.

10:00 - 10:40 am - Break

10:40-11:00 am
4425488: Mitigating Pre-Ignition in Hydrogen Internal Combustion Engines: The Role of Lubricants
Dinesh Bansal, Chevron, Richmond, CA

H2-ICEs offer a promising solution for reducing emissions in challenging transportation sectors and off-
highway applications. Hydrogen, compared to petroleum-based fuels, boasts high laminar and overall
flame speeds, and a wide flammability range. However, its low minimum ignition energy poses
challenges to produce stable combustion especially with lower air/fuel ratio mixtures. Hardware design
and configuration significantly influence hydrogen's premature ignition in H2-1CEs, with lubricants
playing a crucial role. This study introduces a novel methodology to isolate the lubricant's impact on pre-
ignition by precisely metering oil into one cylinder of a 6-cylinder heavy-duty hydrogen engine and



measuring pressure spikes. The findings reveal that pre-ignition phenomena in H2-ICEs differ
substantially from low-speed pre-ignition in gasoline engines, highlighting the need for tailored lubricant
formulations to mitigate pre-ignition severity in H2-ICEs.

11:00-11:20 am
4434766: Effects of Hydrogen Embrittlement on Tensile Fatigue
Ramakrishnan Jayasekaran, Purdue University, Lafayette, IN

The effects of hydrogen embrittlement on the tensile fatigue behavior of AlISI 52100 steel was investigated
experimentally and analytically. Fully reversed tensile fatigue tests were performed on uncharged and
fully hydrogen-charged specimens using a servo-hydraulic axial fatigue rig to evaluate stress-life (SN)
behavior. Hydrogen was introduced by electrochemical charging, and the diffusion and effusion behavior
of the material was characterized using a thermal desorption hydrogen analyzer. To minimize hydrogen
effusion, fatigue testing was conducted under in-situ charging conditions. Results show a significant
reduction in fatigue life due to hydrogen. For modeling, a 2D continuum damage mechanics finite
element framework was developed to predict fatigue life in uncharged and fully hydrogen-charged
conditions. Using the experimental fatigue data, the model was extended to estimate fatigue damage
parameters for intermediate hydrogen levels as a function of hydrogen content.

11:20-11:40 am
4499440: Lubricant Research for Hydrogen Internal Combustion Engines (HICE)
Anant Kolekar, Yekuan Shentu, Richard Pearson, BP Castrol, Pangbourne, England, United Kingdom

This presentation addresses the lubricant-related challenges associated with Hydrogen Internal
Combustion Engines (HICE), focusing primarily on abnormal combustion (pre-ignition). Pre-ignition is
widely recognized as a major technical challenge in HICE that prevents it from achieving performance
parity to diesel platforms. This presentation provides a technical overview of pre-ignition mechanisms in
HICE and introduces various rig and engine test methods developed in partnership with leading
institutions to systematically identify effective lubricant formulation strategies for addressing HICE
challenges. It also covers the importance of water handling in HICE, which is the primary combustion
byproduct and presents similar but exacerbated problems that were seen in conventional powertrains
operated at lower temperatures.
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1:40-2:20 pm
4491707: Lubricant Impacts on Stochastic Preignition in H2 ICEs - It May Surprise You!
Vickey Kalaskar, Abdullah Bajwa, Alexander Michlberger, SwRI, San Antonio, TX

This study investigates the feasibility of hydrogen as a fuel for heavy- and medium-duty ICEs in the
pursuit of decarbonization. Hydrogen has high flame speed and low ignition energy, make it susceptible



to knocking. However, its wide flammability limit makes it desirable for lean combustion, enabling high
thermal efficiency and reduced NOx emissions.

SPlin lean hydrogen Sl engines is challenging and its mechanism remains unclear. This study assessed a
range of lubricants to evaluate the effects of base oil properties and additive packages on SPI propensity
in a Cummins X15N custom hydrogen ICE at SwRI. A novel SPI test was developed, producing repeatable,
quantifiable SPI behavior for various lubricants. SPI was found to strongly correlate with increased engine
power. The results revealed that lubricant base oil properties, such as boiling point, volatility, and
viscosity play a significant role in influencing SPI in hydrogen ICEs, while the impact of additive packages
was minor.

2:20-2:40 pm
4422391: 2D: Low Temperature Challenges for Hybrid Vehicles
Justin Langston, Durga Prasad Chalasani, Michael Fraser, Evonik Oil Additives, Horsham, PA

Hybrid vehicles present a technical challenge for lubricant formulators due to their unique operating
conditions. Key challenges include the accumulation of water and fuel in the oil sump, which originates
from lower operating temperatures. Water and fuel contamination create additional challenges for
ensuring proper lubrication in low-temperature conditions. In this paper, we will share our observations
on the influence of water and fuel contamination on the apparent viscosity of both fresh and aged oils.

2:40-3 pm

4501848: Turbocharging Thermal Performance: Evaluating Fluids for Next-Gen Cooling Solutions in
Electrified Powertrains and Beyond

Vickey Kalaskar, Peter Morgan, SwRI, San Antonio, TX

Effective thermal management is vital for applications like electrified powertrains and data center
cooling, requiring optimized heat transfer solutions. This study evaluates the convective heat transfer
coefficients of various fluids, establishing a ranking system based on performance across diverse flow
and thermal conditions. A wide array of fluid properties, including thermal conductivity, viscosity, density,
and specific heat capacity, were tested to understand their impact on convective heat transfer. Key
factors such as aeration effects and Reynolds number variations were analyzed over a broad matrix of e-
machine fluids.

A pipe flow heat transfer test rig was designed and built to measure convective heat transfer coefficients
under varying conditions, spanning laminar to turbulent flow regimes and replicating real-world
scenarios. Experimental results demonstrated strong correlation between measured Nusselt Numbers
and established literature predictions.

3-3:40 pm - Refreshment Break

3:40-4 pm

4436100: Low Friction and Improved Fuel Efficiency with MoDTC and PCFM in Modern Engine Oil
Formulations

Kazuki Marumo, Kenji Yamamoto, Adeka Corporation, ArakawaKu, Tokyo, Japan

Improving the energy efficiency of internal combustion engines is increasingly important in the pursuit of
carbon neutrality. Previous studies have shown that MoDTC-formulated engine oils enhance fuel
efficiency across various viscosity grades and vehicle types. Tests on 1.5-4L engines demonstrated
benefits from extra-high viscosity index formulations. More recently, strong synergistic effects of MoDTC



and PCFM (polymer colloids friction modifier) were observed in a 5.3L V8 pickup truck using standard
0W-20 oil. In this study, the authors investigate the effects of MoDTC and/or PCFM on the frictional
performance of dexos1 Gen3-type OW-20 engine oils using a Mini-Traction Machine (MTM). Tested metal
specimens were analyzed to elucidate low-friction mechanisms. Additionally, a formulation study on
extra-high viscosity index oils is presented, including viscometric properties, evaporative characteristics
under Noack tests, and shear stability under high-temperature KRL testing.

4-4:20 pm

4432213: Effects of Polar and lonic Liquid Additives on the Electrical Conductivity of Lubricating
Oils

Seokhoon Jang, Chanaka Kumara, Jun Qu, Oak Ridge National Laboratory, Oak Ridge, TN; Xiaogian Wang,
Jacob Bonta, Ning Ren, Valvoline Global Operations, Lexington, KY

Lubricants such as oils and greases act as electrical insulators at mechanical interfaces, such as bearing
contacts in electrical vehicles (EVs). During operation, electrostatic charge can accumulate and rupture
the lubricant film, causing electrical arcing and pitting that degrade both lubricant and mechanical
interfaces. On the other hand, overly conductive lubricants lead to current leakage or short circuits,
reducing EV efficiency. Thus, achieving moderate electrical conductivity—sufficient to dissipate static
charge yet low enough to avoid current leakage—is essential. This work investigates how polar and ionic
liguid additives influence the electrical conductivity of base oils. The chemical structures of additives
and their compatibility with base oils strongly affect conductivity by altering the density and mobility of
charge carriers. We further discuss the underlying mechanisms, providing insights for designing
lubricants with tunable electrical properties.

4:20-4:40 pm

4413281: Comprehensive Evaluation of Graphene Nano-Platelets as Lubricating Additives for EV
Drivelines

Leonardo Farfan-Cabrera, Tecnologico de Monterrey, Monterrey, Nuevo Leon, Mexico; Peter Lee, Carlos
Sanchez, Southwest Regional Research Institute, San Antonio, TX; Ali Erdemir, Seungjoo Lee, Texas A& M
University, College Station, TX; Jose Perez Gonzalez, IPN, Mexico City, Mexico

The rapid growth of electric vehicles (EVs) demands advanced lubricants with optimized rheological,
thermal, and electrical properties to ensure reliability under harsh operating conditions. Graphene
nanoplatelets (GNPs), with their high conductivity and chemical stability, were investigated as additives
in a low-viscosity lubricant for EV drivelines. Experimental evaluations included thermal, electrical, and
tribological performance under electrified boundary (four-ball) and mixed lubrication (mini-traction
machine) conditions. Results show that GNPs significantly enhance the lubricant’s thermal and
electrical properties and improve tribological performance, particularly under electrified conditions, due
to their interaction with applied electric fields.

4:40-5pm
4425571: Tribological Evaluation of Water-Based Lubricants in 440c Stainless Steel
Hannah Liggett, Juan Bosch Giner, Christopher DellaCorte, The University of Akron, Akron, OH

Research in water-based lubrication (WBL) for electric vehicles (EVs) has grown due to its dual cooling
and lubricating capabilities. Corrosion remains a key challenge within this application. While prior
studies have explored additives and ionic liquids to overcome WBL’s limitations, few have examined its
tribological behavior with various steels. To address this, ball-on-flat tests were performed on 440C
stainless steel under varied conditions, including the use of a corrosion inhibitor. Contrary to



expectations, the inhibitor increased both friction and wear relative to baseline WBL. However,
superlubricity and low wear rates, comparable to conventional oils, were achieved indicating
performance spanning boundary to full-film regimes. Surface wettability measurements also suggest a
link between contact angle, friction, and adhesion, particularly in mixed and full-film lubrication.

5-5:30 pm - EV, Engine & Drivetrain Committee Meeting



