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ABSTRACT: As a global Tierl supplier Vitesco Technologies is facing a broad scale of OEM requirements and interests in general. In

particular when talking about electric Axle Drive Systems another dimension of complexity is present. This requires a generic platform

development with the highest possible level of scalability and flexibility as well as a strong cost competitiveness which is a typical

contradiction. Beside significant development efforts an inevitable circumstance is the need for multiple and sometimes long-lasting

development cycles to balance the contradictions and to optimize the outcomes. Additional challenges occur when disruptive factors apply

like a significant change of market environment or unexpected technology drifts. Vitesco Technologies will present the current fourth

generation Axle Drive (Electronics Motor and Reducer: EMR4) platform and explains how to deal with disruptive changes in the recent

years based on specific examples:
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1. INTRODUCTION

As the global trend towards sustainable mobility not only
continues but accelerates in 2022, several influencing factors have
begun to change. Step-by-step advancements in Dbattery
technology offer a growing energy density which helps to meet the
request of electric car drivers for long-distance driving. Along with
superfast charging technology, battery electric vehicles (BEVs)
with more powerful batteries are beginning to close the range gap
to vehicles with combustion engine.
This, however, leads to changing requirements to the electric
machine. While the majority of BEVs are powered by a
Permanent Magnet Synchronous Machine (PSM) which offers an
excellent efficiency level at a certain operating point, long
distance driving - typically along a highway - asks for additional
properties: During long stretch-es of highway driving and/or
large parts of the Worldwide harmonized Light Vehicles Test
Cycle (WLTC) the electric motor will be run in an operating field
characterized by a combination of high rpm and high or part-load

power/torque.

2. THE ARCHITECTURE OF THE EMR4
In the interests of greater scalability, the basic structure of the
EMR4 clectric axle drive has been changed compared to the

current third generation electric axle drive (EMR3). All three basic

components (power electronics/inverter, electric motor, reducer)

are arranged in-line in the EMR4, Figure 1.

Inverter

Reducer

Figure 1. Basic structure of the EMR4 axle drive

With this basic principle, it is possible to connect the two
components with the greatest need for variability in different
designs, while the modification requirements for the reducer
gearbox can be implemented within the housing dimensions. This
in-line arrangement forms the basis for key architecture features
of the EMR4.

The standard configurations (for vehicles in segments A to J2,

i.e., vehicle weight classes from 1,800 kg to 2,800 kg) planned
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during development can be covered purely by scaling the motor
length in three steps of 60 mm (Entry), 90 mm (Base) or 105 mm
(Enhanced), Figure 2.
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Figure 2: Standard configurations of the EMR4 platform

Depending on the design, the newly developed EMR4 axle
drive delivers between 80 kW and max. 230 kW of power (10 s).
The torque range at the axle extends from1,700 Nm up to a
maximum of 4,000 Nm (10 s). The scalability achieved is also
clearly apparent in the weight of the module.

Depending on the power requirements for the drive, its mass
can be between only about 45 kg and approximately 80 kg.
According to previous findings, the EMR4 axle drive will be able
to achieve a 5.6% efficiency advantage in the WLTP compared
with the EMR3, which will have a tangible effect on the vehicle
range.

These values were achieved through the systematic
optimization of many central effect chains in the drive system.
Potential for improvement was realized here with numerous
detailed measures. Despite considerable efficiency gains and a
power density increase of over 20% compared with the already
optimized EMR3, the EMR4 has achieved further cost reductions.
Although higher-quality materials are used in many places in the
EMRA4, the technical advantages of the materials result in greater

savings in other areas, allowing the cost to be optimized.

2.1. ARCHITECTURE AND ELECTRIC MOTOR

The diameter of the PSM motor (and therefore its housing
diameter) has been fixed for the integrated EMR4. With an
unchanging stator outer diameter of 208 mm, the EMR4 platform
motor has a diameter just under 20 mm more than the EMR3
electric motor.

Nevertheless, performance-enhancing design measures in the
motor have made it possible to almost halve the axial length of the
EMR4 motor compared with the current axle drive (90 mm instead
of 175 mm). The stator now has at least four layers per groove
(instead of two in the EMR3). The number of layers (e.g., 4-8) to

be selected according to the individual case in the future continues

to be strictly determined based on the desired cost level and

performance class or voltage. A balance between cost
minimization and maximum utilization of the potential of the

active parts serves as a yardstick.

2.2. ARCHITECTURE AND POWER ELECTRONICS

The inverter of the EMR4 platform is based on the fourth
generation high-voltage power electronics from Vitesco
Technologies (EPF4). For the power range of the EMR4 platform,
the highly integrated EPF4 inverter is available in three power
levels with 290 amps (“Entry”), 550 amps (“Base”) and 820 amps
(“Enhanced”). The Entry version provides a cost-effective
solution for a power output of up to 80 kW (10 s) and an axle
torque of up to 1,700 Nm (10 s). The Base version is suitable for a
wide range of applications with electrical power outputs up to
135/165 kW (10 s) and up to a torque of 2,500/3,000 Nm (10 s) at
the axle. The Enhanced variant is designed for a power output of
up to 230 kW at a mass of 2,800 kg and up to 4,000 Nm. In
principle, however, all inverter variants can be combined with
every motor power variant and every required reducer. This allows
special requirements (e.g., for delivery vehicles) deviating from
those for standard high-volume passenger cars to be met. With
dimensions of only 270 x 221 x 126 mm, the EPF4 inverter is very

compact.

2.3. ARCHITECTURE AND REDUCER

Depending on the torque of the electric motor, the platform
includes three versions of the reducer, which are configured for
either <2,000 Nm (“Entry”), < 3,000 Nm (“Base”) or <4,000 Nm
(“Enhanced”). Reduction ratios between i = 9.3 and i = 11.64 are
envisaged. This reduction ratio, which has been expanded
compared with the previous generation, makes optimum use of the
higher peak speed of the electric motor possible. In the reducer,
this measure can be implemented very economically and results in
significant savings in the motor, offering scope in terms of the
costs for higher-quality materials. Regardless of the design, the
air-cooled reducer is designed for up to 16,000 rpm input speed
and a maximum of 255 Nm of motor torque. The reducer provides
up to 3,000 Nm of axle torque on the output. The maximum
permissible axle speed is 1,720 rpm. An electric parking brake can

optionally be integrated into the reducer.
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3. EFFICIENCY GAINS AS A RESULT OF EFFECT
CHAIN OPTIMIZATION

Worldwide, a clear trend toward further increasing the
efficiency of electric drives at the vehicle level is evident. Range
and battery size/battery cost considerations as well as legal
requirements with the aim of air pollution control and climate
change mitigation contribute to this. In addition, further
improvement of the efficiency of electric drives increases the
attractiveness of vehicles thanks to the resulting system cost
reduction. The Wh/km in the WLTP is used as a measurand for
energy consumption. Numerous individual factors define the
efficiency of a vehicle. Although most of these are attributable to
the entire vehicle, the powertrain has a considerable influence.
Figure 3 illustrates the extent to which the powertrain, with its
specific losses, influences efficiency at the vehicle level in the
example of integrated axle drives. In general terms, around a third
of the losses are caused by the drive, and around two-thirds by the
overall vehicle. In terms of the power electronics, motor and
reducer, further progress has been made in the EMR4 to the benefit
of overall vehicle efficiency: Compared with the previous
generation, the EMR4 is much more efficient, reducing the total
energy consumption for an average D-segment vehicle in the

WLTP up to 5.6%.

Vehicle losses 6%

9
Drivetrain losses 38%

g
&

Figure 3: Breakdown of WLTP losses in the electric vehicle

3.1. EFFECT OF THE EXAMPLE MEASURES ON THE
MOTOR AND INVERTER

In the electrically active components of the EMR4 platform,
laminated cores made of very thin, high-strength sheets are used
that enable higher motor speeds with lower material use. The
maximum speed is now 16,000 rpm (EMR3, by way of
comparison: 14,000 rpm). With these speed characteristics, a
higher gear reduction can be used with the same vehicle end speed.

A major step forward was made in the continuous power of the
EMR4 motor. Thanks to significantly reduced losses and
optimized cooling geometry, the motor can permanently deliver

between 40 kW and 80 kW at a maximum speed. Thanks to the

short motor length and compact design, heat dissipation is also
more effective because the heat flows from the hot spot in the
center of the motor have a short distance to travel to its edges.
The increased gear reduction (see section 2.3) means that lower
motor torque is required for the same axle torque. In combination
with a new rotor sheet metal cutting and a resulting increase in
reluctance, the magnetic mass has been significantly reduced, the
power kept constant, and efficiency increased. The EPF4 inverter
is designed for operating voltages between 210 V and 470 V, and
works with PWM switching frequencies between 2 and 12 kHz.
Depending on the operating point, the field-oriented control (FOC)
process is used to switch between the modulation methods of
Space Vector Pulse Width Modulation (= SVPWM at low speeds
to enable higher currents), Synchronized PWM (= SynchPWM in
the medium speed range), Generalized Discontinuous PWM (=
GDPWM in the medium speed range) and Flux-Bidirectional
Modulation (= FBM at high speeds). A rotor position sensor on the
front end of the motor housing provides the geometric information
for the rotor position signal which is required for electronic
commutation of the rotor and stator field. Figure 4 shows the
reference operating points used to evaluate the motor and inverter
losses during the simulation. The large efficiency gains, especially
at high rotation speeds, can be used to see the effect of the higher

number of layers in the motor and the massively reduced iron

losses.
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Figure 4: WLTP operating points for the motor/inverter

efficiency assessment

Compared to the previous generation, the EPF4 inverter for the
EMR4 platform has succeeded in reducing the losses in the
inverter significantly. The EPF4 inverter was designed for
efficiency from the outset. Thanks to this stringent objective, the
design demonstrates an extremely optimized commutation
inductivity. The interaction of the power module produced in-
house with the intelligent control modules means that a minimum
amount of switching losses can be achieved. This progress in

efficiency benefits the overall efficiency of the axle drive.
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According to the current state of development, a further efficiency
boost can be achieved by using silicon carbide (SiC) in the inverter
[2]. The high power density of the inverter is made possible by the
1-PCB design with a low design height.

3.2. EFFECT OF THE MEASURES ON THE REDUCER
Although the mechanical reducer component was already
highly optimized in the previous generation, further efficiency
advances were made here, which are of great importance because
the reducer also has a significant influence on the overall
efficiency of the drive (Figure 3). In the 2-stage reducer gearbox
with differential, minor design measures such as lubrication and

shaft topology further increased the efficiency, Figure 5.
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Figure 5: WLTP operating points for the efficiency evaluation of

the reducer

4. PLATFORM APPROACH FOR THE EMR4

The ever-increasing range of applications required by the
market for integrated electric axle drives can only be achieved with
a high degree of scalability of the drive in terms of performance,
efficiency, costs, size and weight. Scalability ultimately means
that it must be possible to put together an optimal combination of
main components for the relevant application without intervening
in the production sequence. In view of the large number of
parameters and their complex interaction defining the desired
performance features of a drive, this goal is highly challenging in
design terms — if it is thoroughly implemented down to detail.
During the development of the EMR4 platform, extensive
sensitivity analyses, for example, were conducted to determine the
effects of individual parameters on the efficiency of an electric

drive axle in the WLTP, for example, Figure 6.
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To achieve optimum weighting of the desired performance
features and the associated costs, the proprietary tool iMCO was
used by the developers during this multicriterial

phase of development, Figure 7 [3].
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Figure 7: Detailed cost models as part of multi-criteria
evaluation and optimization make the correlation between

parameter changes and the resulting costs transparent

5. INTERNAL AND EXTERNAL INTERFACES

It has already been mentioned that when designing an
integrated axle drive, the complexities of a discretely designed
electric drive have been removed from the vehicle and relocated
in to the drive instead. How much of the complexity has been
shifted here is also demonstrated by the numerous interfaces
within the axle drive and externally, which must be solved in
design terms during integration of this kind. Figure 8 shows the
internal drive interfaces between the individual functions
highlighted in gray and, in the green circles, the outward interfaces

to the vehicle environment.
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Figure 8: Overview of standardized EMR4 platform interfaces

NS

To enable comprehensive scaling of the pre-validated EMR4
platform components, all of the main components, i.e., inverters
(in three versions), reducers (in three variants) rotor and stator (in
three lengths each) as well as motor housing (in three lengths) and
bearing plate ("cover" in two versions) are clearly defined with
respect to the internal and external interfaces. This makes it
possible to combine different component designs with uniform
interfaces.

Structure-borne noise and electromagnetic radiation play a key
role among the external interfaces. To minimize the excitation of
body vibrations through structure-borne noise in the electric drive,
a great deal of optimization work has been carried out on the
acoustic quality (noise, vibration, harshe ness, NVH) of the drive
in all operating situations, Figures 9, 10. On the EMR4 plate form,
tests to confirm the simulation results have already been
successfully carried out on an A-sample basis.

This simulation expertise can also be used to optimize the
bracket shapes, which could otherwise also lead to design-related

excitations in the vehicle.
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Figure 9: Example of an NVH simulation from the development

of the EMR4 platform

Figure 10: NVH measurement

These brackets play a major role in the mounting of the axle
drive in the vehicle, because they may be required to ensure
attachment even if vehicle-specific attachment points would lead
to geometric conflicts with the technical interfaces of the axle
drive.

Electromagnetic compatibility (EMC) of the EMR4 platform is
ensured through compliance with the standard, CISPR25-2016
Class 3, Figure 11.

Figure 11: EMC measuring chamber

5. SUMMARY

Industrialization expertise from three generations of electric
high-voltage drives has been incorporated into the development of
the EMR4 platform: Until beginning of 2021, more than 150,000
units of the EMR3 alone have already been shipped to customers.

Thanks to numerous detailed optimizations along influential
effect chains, efficiency and performance of the EMR4 have been
significantly increased at a reduced cost level, even compared with
the EMR3 axle drive that has already been optimized. In particular,
the high scalability of the new platform enables highly cost-
effective use of EMR4 axle drives in a wide range of different
vehicle segments with individual requirement profiles.

With a scalable output of currently between 80 kW and up to
230 kW with a mass of only around 45 kg up to approximately 80
kg, the EMR4 platform supports the transition to electrification in
high unit volumes and in a large number of vehicle models. To

cover performance requirements above and below the specified
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current performance range, development for portfolio expansions
will start in 2021.

Through systematic cost-side optimization, the EMR4 platform
helps to bring the purchase costs for electric vehicles ever closer
to the yardstick of previous vehicles with internal combustion
engines. Thanks to the further increased efficiency of the EMR4
drive, there is also a cost-reducing influence on the size of the
battery.

The EMR4 platform stands for tailored-off-the-shelf solutions
that consistently focus on standardization and modularization
within the product. At the system limits, customer-specific
differentiation is shaped via integration and system expertise. This
creates a balance between cost optimization and individualization,
which is supplemented by many years of production experience
and a high level of quality with electric axle drives. With this
strategy, Vitesco Technologies is actively working with its

customers and suppliers to design the growth in electric mobility.
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