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Global Issues — A Warming World
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Take urgent
action to
combat
climate change
and its impacts

Infineum supports the Sustainable Development Goals
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Reducing Greenhouse Gas Emissions

Annual global greenhouse gas emissions
In gigatonnes of carbon dioxide-equivalents

No climate policies
(4.1-4.8°C)

Global GHG emissions

Road
vehicles
72%

Current policies (2.8 —3.2°C)

Greenhouse gas emissions Pledges and targets (2.5 —2.8°C)
up to the present

_____________ 2°C pathways
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Data source Climate Watch. 2018. Washington, DC: World
Resources Institute.
www.climatewatchdata.org

Based on data from the Climate Action Tracker (CAT). The data visualization is available at OurWorldInData.org. There
you find research and more visualizations on this topic. Licenced under CC-BY by the authors Hannah Ritchie and Max
Roser.
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e-Mobility — A Path to Sustainability fnfineum>

POWERTRAIN LANDSCAPE
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+ Increased efficiency

+ Reduced green house gas emissions »)
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e-Mobility — Vehicle Integration Infineum)

Reduced package size and increased power density - vehicle integration

Q Allows for reducing material 0 Increased design complexity and
\ /cost and integrated coolin \ / higher working temperatures
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Today Tomorrow Vehicle Integration

E-Machine, Gearbox and Power
electronics fully integrated
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e-Fluid Requirements Infineum

Viscometrics

Drag and
churning
VS wear

Oil cooling brings additional requirements including heat transfer,
material and electrical compatibility
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Ultra Low Viscosity (ULV) e-Fluids

Increase Fuel Economy and Cooling

Q ULV advantages:
o

Improved fuel efficiency

* Increased driving range for BEVs
Improved heat transfer

. cool electronics and battery

ULV challenges:
Gear and bearing durability

* Next generation anti-wear components
Reduced electrical properties

* Step out resistivity formulation
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Kinematic Viscosity at 40°C, cSt
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Challenges and Opportunities Infineum)

Careful balance is necessary in a lower viscosity environment

8 Performance you can rely on.
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Impact on Heat Transfer Coefficient Infineurn

The Mouromtseff number [M,] is used to compare the

heat transfer capability of turbulent fluids Mouromtseff Number for turbulent fluids

e-Fluids are subject to turbulent flow p0'8 k0'67 C8'33

20 My = 0.47

Grp IV (Bio) 4 ¢St Grp Il base oil is M

s Gro Il the reference fluid Fluid propert]es:
2 P p = Density [kg/m?3]
Z Ester 9°P 'VG " k = Thermal conductivity [W/(mK)]
& Grpm i Sro IV C, = Specific heat capacity [kl/(kgK)]
£10 pac® 3 Ester 1 = Dynamic viscosity [cP]
o o
é ATFFluid oo Provides formulation guidance,
v largely on base oil selection
£
& O Increase fluid thermal conductivity —

0.0 Function of base oil purity [Grp IV > Grp IlI]- small effect on M,

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Kinematic Viscosity at 100°C (cSt)
O Reduce fluid dynamic viscosity -
Lower viscosity oil — major effect on M, [balance vs. wear]
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Electric Motor Cooling: YASA P400S Infineum)

Test fluids scoped to evaluate heat transfer by
probing the efficiency map of the e-motor

« Steady state operating conditions (lon
Y P & (long) YASA P400

« Observed motor temperatures allowed to stabilize over time axial flux
machine

« High power (transient) operating conditions (short
il ( Jop e ( ) Fluid Impact on Stator Winding Temperature

- Observed motor temperatures increased sharply until 160

thermal limits of individual components were reached 140 DI in 4 cSt Grp 111 Oil
120 B Dl in 2 ¢St Grp Il Oil
100

Performance benefits found using low viscosity

fluid 80

. . . 60
 Delayed derating of stator windings 40
« Magnitude of effect dependent on motor conditions 20

Thermal Limit of 120°C (sec)

Avg Time for Windings to Reach

0

High Power Transient Conditions
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Challenges and Opportunities Infineum)

Careful balance is necessary in a lower viscosity environment
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Reduced Electrical Properties Infineum?

Motors rely on insulating material to isolate high Volume Resistivity [VR]

voltage components + Fundamental property of a material that

When oil cooled the e-Eluid’s resistance to measures its resistance to electric current.
current flow must be considered .+ Inverse of conductivity
Resistivity versus KV100

&

Q 50 e 3

8 om0 e Charges in the fluid can be more easily carried

e e A when the viscosity decreases
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Durability Challenges
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The lubrication mechanism in gear and
bearing contacts is elastohydrodynamic

+ Film thickness (h) depends most heavily on
entrainment speed (U,) and fluid viscosity (u,)

+ kV100 from 5.5 cSt to 3.0 ¢St ~ 30% reduction
in EHD film thickness

e Scuffing

3.07 (‘LLOUe)O.71 0(0'57R0'40
E’0.03W0.11

h,, = minimum film thickness

11y = viscosity at atm pressure

U, = entrainment velocity

o = pressure-viscosity coefficient
R = combined radius of curvature
E' = combined elastic modulus

w = applied load

Fatigue
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Durability Challenges Infineum

Gear wear rate as a function of fluid 60 -

viscosity — reduced viscosity results in ., Fatigue Lifetime (MPR) 4

2.4 4 10 -

significantly higher wear 2 .
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Krantz, et al. Fatigue lifetime measured in the micropitting
0.l =

T . rig, comparing oils with the same additive
Absolute Viscosity (N-s/m?) package in different viscosity base oils.

Ave Wear Rate (um/million cycles)

ULV fluids will require carefully balanced formulation chemistry to offset the durability loss
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Field Trial Performance Infineum >

Field Trial Distance 100,000 km Resistivity
Test Cycle Mixed: city/country/highway <+-OEM FF
Engine 1.8 L petrol / 4 Cylinders £ //\\ UVl
. g +ULV T2
Transmission Type DHT 2
S
Vehicle Load 75% of max. load s “=Control -
a fresh oil
&

0 20,000 40,000 60,000 80,000 100,000
Mileage [km]

Fe ingress is comparable for all fluids

+O0EM FF
<ULV T1
E ~ULV T2
I
2
0 20,000 40,000 60,000 80,000 100,000

Mileage [km]

ULV e-fluid EOT Images
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Electrical properties

-’

-
Fuel Economy @

E-motor cooling @)

J Wear protection

@ Material compatibility
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Permission is given for storage of one copy in electronic means for reference purposes. Further reproduction of any
material is prohibited without prior written consent of Infineum International Limited.

The information contained in this document is based upon data believed to be reliable at the time of going to press and
relates only to the matters specifically mentioned in this document. Although Infineum has used reasonable skill and care in
the preparation of this information, in the absence of any overriding obligations arising under a specific contract, no
representation, warranty (express or implied), or guarantee is made as to the suitability, accuracy, reliability or
completeness of the information; nothing in this document shall reduce the user’s responsibility to satisfy itself as to the
suitability, accuracy, reliability, and completeness of such information for its particular use; there is no warranty against
intellectual property infringement; and Infineum shall not be liable for any loss, damage or injury that may occur from the
use of this information other than death or personal injury caused by its negligence. No statement shall be construed as an
endorsement of any product or process. For greater certainty, before use of information contained in this document,
particularly if the product is used for a purpose or under conditions which are abnormal or not reasonably foreseeable, this
information must be reviewed with the supplier of such information.

Links to third party websites from this document are provided solely for your convenience. Infineum does not control and is
not responsible for the content of those third party websites. If you decide to access any of those websites, you do so

entirely at your own risk. Please also refer to our Privacy Policy.

‘INFINEUM’, the interlocking Ripple Device, the corporate mark comprising INFINEUM and the interlocking Ripple Device
and JEJLIE are trademarks of Infineum International Limited.

© 2022 Infineum International Limited. All rights reserved.
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