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Durability-based Layout
of Electric Vehicles on the
Basis of Virtual Load Data

The growing demand for electric passenger cars alters the development of traction drives.
IPG Automotive illustrates the impact of software and drivers on load profiles and presents a
tailored calibration method. With the model-based simulation approach described, load data
can be generated at overall system level without the need for physical vehicle prototypes.
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I Reliability is one of the most im-
portant product characteristics and an
integral part of motor vehicle quality [1].
For durability reasons, the electric pow-
ertrain requires components that are
optimally geared to each other. Various
challenges need to be overcome which
demand critical scrutiny of existing pro-
cesses and, building on this, new solu-
tion approaches.

There is for example far less or no
real field data from earlier developments
or from warranty data evaluation. The
actually acting forces and torques in test
drives (so-called load-time series) are
thus often still unknown. The tradition-
ally important experimental proof of
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reliability - the layout based on expe-
rience - cannot be produced.

Well-known phenomena from the
realm of combustion engines such as
jerking and clattering and the resulting
failure phenomena as well as effects due
to shifting and load change events do also
not apply. At the same time, so-called
drive torque ripples or cogging torques
can also occur in electric motors which
may have a negative impact on the dura-
bility. These phenomena are summa-
rized under the term “toxic torque” and
include all frequency shares that do not
serve propulsion [2].

One focus of this technical article is
on the representation of a method that
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the authors call Smart Durability. There-
fore, damage-relevant loads are opti-
mally distributed between front and
rear drive as well as between regenera-
tive and dissipative braking using soft-
ware and an operating strategy. Calibrat-
ing the software functions for actuators
in such a way that optimum lifetime,
reliability, energy demand, drivability
and costs are reached represents a multi-
criteria optimization problem. The trends
towards all-wheel drive and regenerative
braking in electric mobility open new
possibilities.

The control and response behavior of
electric motors, which is 10 to 100 times
faster than that of combustion engines,
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FIGURE 1 Velocity-dependent acceleration limits of the four driver models (© IPG Automotive)

can also be used to actively dampen
damage-relevant load peaks by means

of intelligent control. A damage can be
introduced into the powertrain via the
tire-road contact for example when driv-
ing over a curb stone. By the same token,
aggressive actuating speeds can lead to
damage-relevant torque jumps or load
peaks if not calibrated properly.

These special challenges in electric
mobility overlap global trends, namely
higher customer expectations regarding
weight reduction and energy efficiency
resulting in higher performance densities
and thus lower reliability. This issue can

only be countered with higher precision
in the applied methods. As a result, reli-
ability prediction and optimization, as
made possible by test campaigns based
on virtually generated reference loads,
are increasingly becoming the focus of
development activities in simulation.

PROCEDURE

Derivation of respective load profiles
starts with planning a virtual measure-
ment campaign which captures the
occurring reference loads and operat-
ing conditions in real-world operation
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on a virtual vehicle prototype via vir-
tual measurement channels. For this,
the virtual (software-defined) vehicle
is embedded into a virtual environ-
ment which consists of driver, road
and traffic [3].

This holistic, model-based approach
allows to generate meaningful, user-ori-
ented load data distributions for global
markets. It includes models for differ-
ent types of drivers, vehicles, topolo-
gies, legal restrictions as well as cli-
matic conditions, and offers high flexi-
bility and control over variations of use.
Load data and distributions as well as

FIGURE 2 Motor torque (shades of blue) and
velocity (grey) for variable torque vectoring
strategies when accelerating (3 m/s2), coasting
and braking (© IPG Automotive)
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the associated sensitivities can be determined virtually
by varying the boundary conditions and different usage
profiles [4].

VEHICLE MODEL

As a key element, the presented simulation approach
includes a realistic, modular, mechatronic vehicle
model. This maps relevant multi-body dynamics and
Smart Durability control technology (via Virtual Control
Units, VCUs) for actuators (for drives and brakes). The
model is parameterized consistently with the physical
vehicle to plan the lifetime tests [5].

In the example discussed here with a focus on the
test methodology, an electric vehicle with all-wheel
drive and one motor per axle is used. The vehicle has
a weight distribution of 50/50, and a brake force distri-
bution of 2:1 (front/rear) is applied. To distribute the
required total torque between front and rear axle, dif-
ferent motor types and Torque Vectoring Strategies
(TVS) were used. This allowed to calibrate the soft-
ware and hardware of the vehicle as well as to pre-
cisely model operating conditions and load distribu-
tions in virtual drive operations.

As an example, different energy recovery strategies
were applied. The friction brakes of both axles were
only used if the required brake torque exceeded the
maximum recuperation torque of the electric motor at
the respective axle. Energy recovery did not start below
12.5 km/h. The powertrain enables an electrothermal
or electrochemical energy recovery as well as mixed
operation. During the test drives, not only the TVS but
also the driving behavior and the environment model
were modified.

DRIVER MODEL

The CarMaker simulation environment from IPG Auto-
motive offers a driver model capable to drive the virtual
vehicle considering the course of the road, traffic den-
sity and a representative driving behavior. A key char-
acteristic of the driver model is the velocity-dependent
and non-linear coupled parameterization of lateral
and longitudinal acceleration boundaries to adapt the
parameterization for different target groups and refer-
ence populations.

For the following investigations, drivers with defen-
sive, normal and aggressive driving behavior and
additionally a race driver were parameterized, repre-
senting higher longitudinal accelerations and decelera-
tion as well as lateral accelerations, FIGURE 1. In longi-
tudinal direction, the parameterization is divided into
acceleration and deceleration.

TRAFFIC MODEL

The simulation environment CarMaker offers different
approaches for traffic modeling as well. For easy and

clearly defined traffic situations, it makes sense to inte-
grate traffic objects with their own trajectory into the
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test scenario. Alternatively, they can
move autonomously through the traffic.
In addition to the active calculation of
traffic objects, solely their influence on
the ego-vehicle can be modeled as well to
limit the attainable velocity. This phe-
nomenological approach places so-called
target velocity markers on the road. In-
side these boundary conditions and speci-
fications, the driver model makes self-em-
ployed decisions about vehicle dynamics.
In the example described hereafter, the
modeled traffic situations were generated
with velocity markers from a real driving
data base. These were classified accord-
ing to traffic density and route type and
distributed along the digitalized route.

USE CASES

To be able to model the variations of use
of the actual operating condition occur-
ring in real-world driving in a generic
way, the virtual vehicle drove on five
virtual reference routes described hereaf-
ter. These include a straight route, race-
track, mountain pass road, RDE scenario
and city scenario.
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STRAIGHT ROUTE

To gather knowledge about the implemen-
tation of the TVS, a test was performed on
a straight route. FIGURE 2 shows the signif-
icant impact of the operating strategy on
the lifetime-relevant loads.

Both motors on the front and rear axle
with variable load distribution were nec-
essary to achieve the desired total torque
during acceleration. To keep a constant
velocity (time point 25 to 40 s), only the
rear motor was required. During subse-
quent coasting, solely the rear motor
recuperated with very low torque. The
brake pedal was actuated during the
deceleration phase (from time point 60 s)
which resulted in both motors to be used
for a strong energy recovery. The vehicle
finally costed until standstill.

RACETRACK

Before a market launch, newly developed
vehicles are tested under the harshest con-
ditions on torture tracks. A measurement
campaign was performed on the Nord-
schleife racetrack of the Niirburgring to

FIGURE 3 Load data distributions for
the Nordschleife racetrack scenario
for a constant (top) and variable
torque vectoring strategy (bottom)
(© IPG Automotive)
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reproduce these tests. Due to the demand-
ing load profile, the intelligent operating
strategy adapting torque distribution
between the front and rear axles had little
influence on the frequency of powertrain
loads and load distributions, FIGURE 3.

MOUNTAIN PASS ROAD

The difference in altitude on the moun-
tain pass road Stelvio Pass with a total
length of approximately 44 km is 1458 m
from the start in the valley to the highest
point and from there to the finish line in
the next valley -1848 m. In this case
study, which is predestined for brake
testing, the driving behavior was addi-
tionally varied. It simulated a descent at
full load with strong decelerations before
hairpin bends and in compliance with
the maximum admissible velocity on
straights, FIGURE 4. The drive mode of
the defensive driver and the normal
driver showed a significant difference in
load distribution between front and rear
axle. For acceleration, the front axle was
not needed as the torque of the rear axle
did not exceed the threshold.
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FIGURE 4 Load data distributions
for variable torque vectoring strategy
in the Stelvio Pass scenario with
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The front axle was thus mainly
used for recovery. A portion of these
positive torque load data is repre-
sented by torque values close to
zero. In comparison to the defen-
sive driver, the normal driver used
a larger operating range. The ag-
gressive driver extended this oper-
ating range even further and pushed
especially the rear axle to its torque
limit. In total the torque demand
was higher so that the front axle had
to provide considerable additional
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drive torque. Generally speaking, this

scenario showed the strong impact of

the driver have on the load data distri-
bution of the variable TVS.

RDE SCENARIO

To evaluate the impacts of different
driving modes on real driving scenar-
i0s, a measurement campaign was per-
formed on an RDE track according to
current requirements. The traffic con-
ditions were maintained and a constant

TVS was applied to focus on the im-
pact of the driving behavior.

As the results for the front and rear
axle were almost identical, FIGURE 5
only plots the load data of the rear
axle. Compared to the defensive driver,
the loads increased significantly for
the normal driver as well as the ag-
gressive driver during acceleration
and deceleration with higher torque
values. At the same time, the share of
load data with lower torque remained
at a similar level.
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CITY SCENARIO

The city-like scenario used route sections
of the RDE scenario and combined them
with different traffic conditions. The total
driving distance was 8.3 km. To focus
on the influences from traffic, only the
vehicle variant with constant the TVS
was controlled by the normal driver
model. As the results for the front and
rear axle were almost identical, FIGURE 6
only plots the load data of the rear axle.
In comparison with the previously
mentioned investigations, the load
spectrum expectably had lower speed
ranges. The largest portion of load data
for all driving modes was within the
scope of 25 Nm and up to 2000 rpm.
The difference between medium and
low traffic density is small. The high
traffic density results in a reduction of
the characteristic map so that only load
data up to 3000 rpm speed and with a
maximal torque of 75 Nm were reached.
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CONCLUSION

By using representative examples, IPG
Automotive showed that a model-based
simulation approach can generate load
data on overall system level without the
need of physical vehicle prototypes. The
results prove that virtual measurement
campaigns are a appropriate means to
investigate load distributions with the
aim of deducing durability layout targets.
The introduced method of Smart
Durability engineering describes the
control of vehicle actuators through
software. The aim is to increase dura-
bility as well as to optimize lightweight
design. For this, the control strategy
needs to be included in the process as
well. In this article it was shown that
simulation is suitable to generate the
load data based on it. This method can
always be implemented when actuators

are under-determined and thus result in

degrees of freedom.
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FIGURE 5 Load data distributions
for the RDE test drive with con-
stant torque vectoring strategy
(© IPG Automotive)
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FIGURE 6 Load data distributions
for city test drive for different
traffic density (© IPG Automotive)

REFERENCES

[1] Johannesson, P.; Speckert, M. (ed.): Guide to
Load Analysis for Durability in Vehicle Engineering.
Hoboken: John Wiley & Sons, 2013

[2] Proier, P; et al.: Innovative Optimierung von
E-Antrieben auf Effizienz und Laufruhe. In: ATZextra
Elektromobilitat, October 2021, pp. 12-17

[3] Erdds, G.; Takdacs, L.: Durability Assessment:
A Virtual Proving Ground Approach. pp. 119-128.
In: Jarmai, K.; Boll6, B. (ed.): Vehicle and Automo-
tive Engineering 2. Cham: Springer, 2018

[4] Speckert, M.; et al.: Automatisierte und um
GEO-Daten angereicherte Auswertung von Mess-
daten zur Herleitung von Beanspruchungsvertei-
lungen. DVM-Bericht 143 (2016), pp. 165-180

[5] Varga, B. O.; et al.: Electric and Plug-In Hybrid
Vehicles. Cham: Springer International Publishing,
2015, p. 524 ff.

23



