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Harmonized system
simplifies tests of mechanical loads

Measurement of mechanical stress
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The optimization of hybrid and electric vehicles does not only extend to the electric
drivetrain, but also includes all vehicle components. The aim is to save weight in
order to achieve maximum performance and energy efficiency. At the same time,
the vehicle must be permanently stable and safely designed for the planned service
life. For this reason, chassis components are also tested and continuously improved
with regard to mechanical stress. Measurement modules from CSM and telemetry
measurement technology from AXON are used to measure the fatigue strength of
parts of the wheel suspension.

Simulation and validation

The control arms and track rods are part of the
unsprung masses and have a significant influence on
driving dynamics and ride comfort. When designing
the components, the aim is to achieve an optimum
balance between strength and mass. The expected
forces that occur during various driving situations
are predicted in simulations during development
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and must then be validated in road tests and on
the test bench. The data obtained is then fed back
into simulation models and helps to improve future
developments. To validate the simulations, the forces
acting on the axle geometry are determined. Strain
gauges are applied to the control arms and the two
track rods and the data obtained is correlated with
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other measured variables. These measurements
can be used to trace the transmission paths of the
forces to the body and, for example, to the steering.

What should be considered?

To measure the durability of the steering arm and
tie rod, the acting forces as well as the suspension
travel, steering angle and speed must be measured.
For a simple application, all measured variables
are recorded in parallel with one measurement
system. Data is collected during different driving
situations and on various ground surfaces (road and

Component-specific requirements

Tie rods and control arms are very stable compo-
nents, which means that only low strain values are
to be expected in normal driving situations. The
measurement technology used must therefore be
very high-resolution in order to record very small
signal values. However, since very high values can
occur during misuse tests, such as driving over a
curb the measurement technology must offer suf-
ficient dynamics: Measurements with a high data

Components from the Vector CSM E-Mobility Mea-
surement System are used for the measurements.
This means that all required measurement values
can be easily acquired with a perfectly coordi-
nated measurement system and expanded with
additional measurement technology. The tensile/
compression load in the tie rods is measured
using strain gauges, which are applied in pairs
opposite each other as a full bridge, offset by 90°
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In addition, the torque and temperatures are to be
measured on the drive shaft in order to record the
loads in different driving situations.

test track) as well as on the test bench. The measu-
rement system used should be able to be used in
all test scenarios in order to avoid long conversion
times and to enable simple comparison of the data
obtained due to identical sensor technology and
measurement data acquisition.

rate should make it possible to reliably record even
faster processes. In addition, when measuring rota-
ting parts, there are difficulties in transmitting the
values as the sensors have to be attached to the
shaft. This rotates with the component and the data
must therefore be recorded wirelessly - a challenge
for the measurement technology. The available
installation space and movements of the drive shaft
make installation even more difficult.

(so-called T-Rosette). Depending on the geome-
tric design of the axle control arm, strain gages
are used to measure individual strains, bending
or tensile/compressive loads. This means that
full, half or quarter bridges are used depending
on the application. Furthermore, a combination
of different bridge circuits is possible for each
individual channel.
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EtherCAT®

Vector vMeasure
or CANape

Vector VX1000 Interface

Tie Rod
>

AXON Control Unit

Axle Control Arm

Automatically adjusted in the measurement module

All strain gages are connected to a STG6 pro BS20
strain gage measurement module. Quarter brid-
ges are added directly in the sensor cable to form
half bridges. The strain gauge is simply added to
the full bridge in the measurement module, eli-
minating the need for further wiring and allowing
a wide range of strain gauge resistance values
to be supported. Thanks to the extremely low
input voltage range of up to +0.3mV/V, very small
measurement signals can be precisely recorded.
Depending on the selected measurement range,
the appropriate input voltage range is automati-
cally assigned in the measurement module. The

Fig. 1: Strain gauge measurement module STG6 pro BS20

Measurements on rotating parts

Telemetry systems for recording torques from
AXON Systems GmbH, a long-standing partner
of CSM, are used for the measurements on the
drive shaft. With the solution from AXON, the data
from a rotating strain gauge measurement point
for torque measurement and a thermocouple for
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measurement data rate of up to 20 kHz per chan-
nel allows the detection of rapid load changes.
To further improve the measurement accuracy
even with the smallest signal amplitudes, the
STG6 pro BS20 also measures its own bridge sup-
ply voltage separately for each measurement
channel and offsets this against the signal vol-
tage. This method is known as the ratiometric
measurement principle and enables very accurate
measurement results.

The spring travel is measured using suitable travel
sensors and an AD4 IG1000 measurement module.

STGS pro BS20 ( »

recording temperatures are transmitted without
contact. For this purpose, the strain gauge mea-
surement point is connected to a rotor electronics
unit, which is installed on the drive shaft and pro-
vided with a multi-layer protective coating so that
environmental influences such as contamination
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Fig. 2: AXON rotor electronics and antenna for non-contact transmission of the recorded data from the strain gauge and

temperature sensor on the axle. (Photo: AXON Systems GmbH

or moisture do not affect the measurement
results. The data is transmitted wirelessly to a
stator unit, the antenna of which is placed in a
ring around the axle, allowing the axle to move
during driving maneuvers. The antenna of the
stator unit can be freely shaped and thus flexibly
adapted to the conditions at the installation site
with little installation space. The control unit
generates the necessary supply voltage for the
sensors on the rotor unit and forwards the recor-
ded measurement data. A special feature of the
system is that the energy for the rotor electronics
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is generated by the control unit and transmitted
inductively via the stator unit, meaning that the
rotor electronics do not require a battery and are
therefore extremely low-maintenance. AXON's
telemetry system is equipped with another fea-
ture for the highly EMC-loaded environment in
an electric vehicle - digital noise canceling. For
this, the electromagnetic background spectrum
is recorded using a throw antenna and offset
against the actual measurement signal as a coun-
ter-signal: The result is virtually interference-free
measurement data.

Fig. 3: The AXON telemetry system installed in the vehicle. Thanks to the flexible antenna, the axle has sufficient space for
demanding test drives. (Photo: AXON Systems GmbH)
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Fig. 4: In addition to sensors installed on the axle, AXON also offers torque measurement flanges for acquiring acting forces.
The entire measurement technology is also suitable for harsh environmental conditions, such as off-road driving tests.

(Photo: AXON Systems GmbH)

Simply merge signals for analysis

The CSM measurement modules are connected
to an XCP-Gateway via EtherCAT®. Thanks to the
high total sampling rate of up to over 4 Mbit/s,
a large number of measurement channels can
be integrated with EtherCAT®. The XCP-Gateway
synchronizes the measurement modules via the
Precision Time Protocol (PTP) better than 1ps and
converts all signals to XCP-on-Ethernet. The data
from the AXON telemetry system is integrated

into the measurement chain via CAN, bundled in
the XCP-Gateway and also forwarded via XCP-on-
Ethernet. A Vector Informatik Interface VX1000 is
used to additionally acquire the steering angle
and speed from the vehicle's control unit. The
collected data can be recorded either with a
data logger or a measurement computer. The
subsequent data evaluation can be carried out
with Vector CANape or vMeasure.

Suitable measurement technology for high requirements

With the components of the Vector CSM E-Mobility
Measurement System and measurement technology
from AXON, all required measurement variables
can be recorded precisely with a standardized sys-
tem. Thanks to the compact and robust design, the
measurement modules and telemetry systems can
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be installed close to the measurement point and
used both in road tests and on the test bench. As
long conversion times are therefore not necessary,
the measurement technology impresses with con-
siderable cost and time savings.
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STG6 pro BS20

The STG6 pro BS20 is suitable for measurements with strain
gauges under demanding conditions. With the extended supply

voltage range, sensors with up to 10V supply can be used. Due o ;

ST06 pro BS20 (> J

to the automatic selection of the suitable input voltage range,
as well as a better signal-to-noise ratio, extremely small mea-
surement signals (e.g. strain) can be accurately acquired with
the STG6 pro BS20.

AD4 ECAT MM-Serie - Typ 1G1000

The AD4 1G1000 measurement module is optimally suited for the -
most accurate analyses of high-frequency signals with measu- N )
rement data rates of up to 1MHz per channel. It offers a highly , =
accurate, bipolar and channel-wise adjustable sensor supply from

1to 20V DC for a wide range of sensors.

XCP-Gateway-Serie

CSM's XCP-Gateway Series protocol converters were specially
developed for CSM EtherCAT® measurement modules and for
measurement tasks with multiple measurement channels and
high measurement data rates. The XCP-Gateway is available
in "Basic" and "pro" versions. The "pro" version has two CAN
interfaces via which CAN-based CSM measurement modules can
be connected and integrated into the XCP-on-Ethernet measu-
rement data protocol. In the "pro" version, temperature data
from the HV Breakout Modules can also be transferred directly
via EtherCAT®.
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Complete solutions from a single source:

CSM provides you with comprehensive complete packages consisting of measuring modules, sen-
sors, connecting cables and software - customized to your individual needs.

Further information on our products are available on our website at www.csm.de or via e-mail

sales@csm.de.
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CSM GmbH Headquarters (Germany)

Raiffeisenstr. 36 + 70794 Filderstadt
. +49 71177 96 40 X sales@csm.de

CSM Office Southern Europe (France, Italy)

ArchParc - Site d’Archamps + Immeuble ABC 1 - Entrée A
60, rue Douglas Engelbart - 74160 Archamps, France
. +33 450 95 86 44 X info@csm-produits.fr

CSM Products, Inc. USA (USA, Canada, Mexico)

1920 Opdyke Court, Suite 200 - Auburn Hills, MI 48326
. +1248 836 4995 M sales@csmproductsinc.com

CSM (RoW)

Vector Informatik (China, Japan, Korea, India, Great Britain)
ECM AB (Sweden)

DATRON-TECHNOLOGY (Slovakia, Czech Republic)

Our partners guarantee you worldwide availability.

Feel free to contact us.

CSM GmbH Germany is certified.

150 9001, ISO 14001

Certifisd Integrated Quallty DAkkS
and Environmental
Management System Deutsche

Akkreditierungsstelle
www fuv-sud.com/ms-cert D-K-15214-01-00

All trademarks mentioned are property of their respective owners

Specifications are subject to change without notice

CANopen® and CiA® are registered community trademarks of CAN in Automation e.V,
EtherCAT® is registered trademark and patented technology, licensed by Beckhoff
Automation GmbH, Germany.
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