32" Electric Vehicle Symposium (EVS32)
Lyon, France, May 19 - 22, 2019

Transmission Oil Filters for Innovative Drivetrains
and e-Axles - Compact, Efficient, Reliable

Marius Panzer, Dr. Alexander Traut, Claudia WagBerRichard Bernewitz
MANN+HUMMEL GmbH, Schwieberdinger Strasse 126, 71636 Ludwigsburg, Germany

marius.panzer @mann-hummel.com

Summary

Reducing system complexity and installation space major trend in sensitive automatic transmissam
well as in highly integrated e-axles. In addititime requirements towards oil cleanliness and diffeal
pressure of the lubrication and cooling circuitdiae more challenging. To protect all system comptme
starting from the oil pump a new generation of fdasuction-side filters has been developed. The ne
concept provides up to 60 % better filtration perfance and it increases the degrees of freedoriéor
lubrication circuit significantly. Offering an uéircompact and flexible installation space, lowé$ential

pressure or highest filtration efficiencies forteys reliability.
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1 Introduction

Driving pleasure without emissions is a constaendr With a rising number of congested cities, héiyels

of air pollution and stricter statutory requirengntompanies are working towards even more sugiaina
solutions. And car buyers are on board: in Germamy other countries across Europe more and more
vehicles are being registered with alternativeajinot anymore fully based on internal combusingines
(ICE).

Mobility related companies are focused on the gfetion of the powertrain. In this respect thighly
integrated e-axle is a particularly promising cqrider BEV'’s with increasing growth rates. Up ta23Xhe
annual market growth rate will be at around 35%font and 46% for rear e-axles. Leading to a detratn
4.5 million front e-axles and 3 million rear e-asleespectively.

Figure 1shows an e-axle — a system which combines thériel@gotor, the transmission/gear box and the
power electronics. This saves installation spaoaponents and wiring due to the fact that the e-&xl
integrated directly on the drive axle. Accordingtiie system suppliers, this enables up to 20 petess
weight and between 5 and 10 percent higher effigiefihe easy scalability of the system makes iabig

for use in compact cars, sports cars up to largenwercial vehicles.
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Figure 1: Set up of an e-axle, containing engine, transmission and power electronics
(Source: Robert Bosch GmbH, www.bosch-presse.de [1])

2 Lubrication and cooling with the same oil — and thechallenges

2.1 Particle contamination in the oil circuit

As all the drive components are integrated in axle; a common oil circuit is sufficient for coafirand
lubrication. However, this advantage has a drawbMgchanical as well as electronic components are
exposed to the same oil and metal particles angsobiit of the transmission can penetrate the power
electronics and electric motor and cause serioosagda, which is illustrated iRigure 2 Not only abrasive
wear out of the transmission but also the initlaboliness of the system components play a majerfoo

the oil cleanliness. Engine components like higkespbearings, directly controlled valves, clutciigs or
position sensors are exposed to initial contamanatkeferring to this, it has highest priority tamove all
particles within very short time from the systerm ifdcreased and instant high oil cleanliness canells
increase the overall system efficiency by usindhaigefficient but more sensitive components irstystems.

T - . \. Surface breakdown "
‘ Particle in the gap Surface damage Fatigue fractures & Pamcle ABESIOR /

Figure 2: Mechanism of wear and damage by particles as a potential systemrisk.

Strongly depending on the used system componerad aleanliness of up to 19/17/14 (acc. to ISO&40
or filtration requirements up to 99.5% efficiendy?d pm is needed to keep all system componergsad
condition over the whole system lifetime. Tryingoimtect all system components starting from thagpto
the last lubrication point, the filter solutionsaften at the suction side of the pump and irf‘¢ilesump”

of the system. Therefore it is of major importateerovide the lowest differential pressure possiohd
provide it over all operating conditions and thedi Especially an instant filtration efficiency aadow
differential pressure do not come along with eableioFigure 3shows how a high filtration efficiency usually
leads to higher pressure drop levels and a lowstrlthiding capacity.
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Figure 3: Schematic correlation between filtration efficiency, dust holding capacity and the differential pressure

3 The solution for a multi-objective optimization problem

For customer-specific suction-side applications,uke of proven pleating technology is the keyetriVhe
pleated filter multiplies the degree of freedomthoe customer: Depending on the focus, an ultrapamn
design, with a long operating time or a lower d#fetial pressure compared to solutions using flerf
media, can be realized. Furthermore, the systenbedinely adjusted to improve filter efficiency thre
dimensioning of the pump.

3.1 Increasing the energy efficiency

To account for all those three factors (oil cleasdis, differential pressure and dust holding cagacew
filter media were developed which require less spas it is possible to exploit the proven pleating
technology and to bring the needed filtration @eea maximum [2]. According to Darcy’s law the vola
flow is directly proportional to the increaseddilarea which decreases the differential pressgméisantly
while keeping the efficiency on an extraordinamelgFigure 4. An installation space of just 20 millimetres
is enough for a pleated concept. In comparisonfkat,anon-pleated filter media, the pleated varemables

a differential pressure which is up to 75 % lovildris gives the customer a larger degree of freeddm
regard to higher filter efficiency or dimensioniafithe pump, as the energy dissipation is minimizgthe
pleating technique.
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Figure 4: The pleat technology enables highest filtration performances with up to 75 % less differential pressure
maintaining the same filtration efficiency and installation space.
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3.2 Improved system reliability

Keeping the parameters pressure drop (energyeftig) and installation space constant, a furthgrede
of-freedom for the pleated filter design is to sek filter medium with a much higher filtrationfiefency
(Figure 5). To fulfill the high demands regarding the diliabof the material and the application as a life
time product, a 100% synthetic depth filter mediuith a high chemical resistance is used. Furtheenibe
pleated filter concept has no artificial bypass gundrantees a long-term dirt separation withoutréie
entrainment of relevant particles.
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Figure 5: The pleat technology enables the use of a 100 times more effective filter media maintaining the same
installation space and differential pressure.

3.3 Less installation space needed

Another advantage becomes apparent with regattetodmpact design of an e-axle and it is also alid
the classic automatic transmissions. The mentigiiedting technique allows a very small filter desig
Figure 6illustrates that a minimum height of 20 millilitels sufficient to reduce the needed installatjwacs

by 83%.

-83%

Flat Pleated %
filter media filter media c

Figure 6: The pleat technology also enables highest filtration performances at up to 83 % less installation spaces, with
at the same time reduced energy dissipation.
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3.4 Maximum filter life time

The pleat technology, which results in a significacrease in filter area, can be also appliedctueve a
maximum dust holding capacity where needed. Thezedcsignificant improvement in operating time and
thus filter life time can be achieved. In the samee, the pressure drop level will be comparabla twn-
pleated (flat) filter concept. Furthermore, thetiele increase of the pressure drop during the evlifel time

of the filter is marginal compared to a non-pleateztlia or sieve conceigure 7).
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Figure 7: Thelife time and dust holding capacity of the filter can be increased significantly by pleating of the filter
media.

3.5 New filter media portfolio for transmission oil fil ters

The filter media always retains its shape and perdmce, even when exposed to coldness or highretiftial
pressure. Stability is ensured by a drainage griadbesive lines which maintain the ideal gap beiwihe
pleats. This enables more long-term use of the tetmfilter surface area. The use of a depth fiibedia
enables the secure entrapment of the separatédemih the 3D fiber matrixmigure §. This prevents the
re-entrainment and re-introduction of particlesewen long chips into the system, a critical techinitsk
which is known from conventional drivetrains. Thkesupply can also be permanently ensured withset u
of an uncontrolled filter bypass, which increagessystem reliability.
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Figure 8:
Left side: Computer tomographic scan of the depth filter media with a drainage grid on downstream side.
Right side: Filtration efficiency for different transmission oil filter media grades.
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3.6 Robust filter housing with efficient flow characteristics

The plastic housing of the transmission oil filbereds to have a sufficient stability over the wHibdetime.
Therefore, plastics expertise and the use of mosiennlation methods such as the finite element atketh
(FEM) and mold filling simulations in the developntegorocess ensure that all components are able to
withstand the highest mechanical requirements deivelopers also exploited the possibilities of $ations

with computational fluid dynamics (CFD) to enabféceéent flow characteristics for the filter hougjrin
particular in tight installation spaces to minimiass of differential pressure. On request, add#idunctions

can be easily and economically integrated in tlastfd housing. An example here could be magnetshwhi
additionally separate the magnetized particlegdento extend the service life of the filter elense

Flow velocity

Figure 9: Visualization of velocity streamlines for the il flow through a transmission ail filter. CFD-simulations
enable an optimization and pre-validation of the filter design in the early stages of the product development and
accel erate the devel opment process significantly.

4 Conclusion

Energy efficiency or compactness are not the ohéflenges in innovative drivetrains and e-Axlesy@el
that, the cleanliness of coolants and lubricantuich systems plays an important role to protécyatem
components starting from the oil pump — from thstfio the last mile in the vehicle life time.

This is why MANN+HUMMEL has been developed a newm@mation of pleated filters for the suction side.
Depending on the customer demands different desigadilter media options can be offered which imeo
ultra-compact and flexible installation spaces,dstwdifferential pressure or highest filtrationi@éncies
for a perfect system reliability.
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