
There is an increasing demand 
for availability-oriented product 
service systems, in which the ma-
chine builder guarantees the avai-
lability of the plant or the product. 
In doing so, he assumes part of the 
customer‘s manufacturing risk. 
PSS can be offered through vari-
ous business models. However, 
many machine builders remain 
reluctant to offer machine availa-
bility guarantees due to a lack of 
transparency regarding machi-
ne condition. This in turn hinders 
condition-based maintenance and 
makes predictions regarding the 
remaining life of the component 
difficult or inaccurate. 

Intelligent sensors for precise 
condition monitoring of critical 
machine components are there-
fore a crucial enabling technolo-
gy for future availability-oriented 
product and service systems.  

Competition in the capital goods industry is currently influenced 
by many factors, including globalisation, Industry 4.0 and increa-
sing price pressure. Machine builders are thus forced to differen-
tiate themselves, e.g. by offering individual packages consisting of 
technical products and lifecycle-oriented services, so-called product 
service systems (PSS). Intelligent sensors for precise condition mo-
nitoring of machine elements play an important role in this trend.  
 

These new possibilities and a sig-
nificantly improved condition mo-
nitoring of plants based on them 
can pave the way for completely 
new business approaches - e.g. 
„pay-per-use“ as an availabili-
ty-oriented business model wit-
hin the framework of Industry 4.0.  

The topic of condition monitoring 
and condition-oriented main-
tenance has become increasingly 
important in recent years, both in 
operational practice and in rese-
arch. In everyday business life, ho-
wever, maintenance is usually only 
considered as a cost centre. Yet 
the advantages of predictive main-
tenance are obvious. The method 
uses measurement and production 
data from machines and plants to 
derive maintenance information. 
The goal is to proactively maintain 
the machines and systems and mi-
nimise downtime. Optimally, mal-
functions can be predicted before 
there are any effects or failures. To 
make reliable predictions for pre-
dictive maintenance, it is neces-
sary to collect, store and analyse 
a large amount of data. Artificial 
Intelligence (AI) techniques and 
Big Data enable effective analy-
ses in the shortest possible time. 

Various methods are used to re-
cord information about the con-
dition of machines or machine 
elements - such as rolling or plain 
bearings, gears, guides, etc.. A 
classical approach uses vibra-
tions and a related method records 
acoustics. Often, temperature or 

Getting to the heart of the matter 

Sensor.Cosmos.
Edition 26 | May 2021

Fig. 1: The SSA2302 AMR speed sensor uses gears as a measuring scale. 
(source: Sensitec GmbH). 

Condition monitoring of machine elements serves as the basis for predictive maintenance (image source: Shutterstock).
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wear in the form of abrasion are 
also recorded. The detection of 
instantaneous angular speed and 
motor current signature analysis 
are also becoming increasingly 
important. 

For both of the latter methods, 
special demands are placed on the 
The sensor technology should not 
only be small, precise and robust, 
but also have a high bandwidth 
and low power requirements. 
Furthermore, the machine manu-
facturer wants to use existing sen-
sors or measuring points for this 
additional functionality in order to 
avoid additional sensors. Rotary 
and linear encoders based on ma-
gnetoresistive (MR) sensors fulfil 
these complex requirements to a 
very high degree. Vibration analy-

sis, lubricant analysis and thermal 
methods are common methods in 
industry and have been extensi-
vely researched in the past. Vibra-
tion analysis by means of vibration 
transducers is the most widely 
used method, as it reacts directly 
to changes, e.g. in rolling bearings 
or gear drives, and can be used 
both intermittently and perma-
nently. Furthermore, it can be used 
to allocate the individual compo-
nents and special damages well, 
as even less pronounced damages 
can be identified with the help of 
modern signal analysis.

The method of acoustic emission 
(AE) is relatively new and the ba-
sis of current research. Acoustic 
emission refers to noises in a 
frequency range from approx. 50 
kHz to approx. 2 MHz, which pro-
pagate as structure-borne sound 
and whose cause can be friction 

processes, among other things. 
Since the friction conditions in 
rolling bearings or guides will ch-
ange in case of insufficient lubri-
cation or contamination, there are 
numerous investigations to mea-
sure these changes with the help 
of acoustic emission transducers. 
However, this method is not par-
ticularly easy in practical appli-
cation - a good coupling between 
sound source and sensor must be 
ensured. The transmission path 
between source and sensor should 
contain as few separation points 
or gaps as possible. 

An important problem with con-
ventional vibration analysis occurs 
in applications with speed or load 
variations. These lead to frequen-
cy modulation, which in turn cau-

ses a „smearing“ of the vibration 
spectrum. This significantly com-
plicates the detection, diagnosis 
and prognosis of damage. To avoid 
such problems, one approach is 
to perform the analysis in the an-
gular domain instead of the time 
domain. In the angular domain, all 
cyclic phenomena, caused e.g. by 
damage, have a direct relation to 
the rotating component of the ma-
chine element under investigation, 
and thus a dependence on time and 
thus speed is no longer present. A 
particularly promising approach 
for the conversion of information 
in the angular range uses the in-
stantaneous angular velocity as 
the basis for an angle/time func-
tion, which in turn enables a con-
version from time-based scanning 
to angle-based scanning. For this 
purpose, one often uses the alrea-
dy existing, high-resolution rotary 
encoders or speed sensors (Fig. 2) 

as a sensor. This method is called 
Instantaneous Angular Speed (IAS) 
sensing and is increasingly used 
in condition monitoring of rolling 
bearings and gear drives. Mea-
suring the instantaneous angular 
speed is of great importance for 
condition monitoring or diagnosis 
in real time. The rotation of a ma-
chine shaft is a result of the overall 
operation of the machine and thus 
provides information on all mecha-
nical and electromagnetic proces-
ses that contribute to the rotation. 
Any defect or failure theoretically 
has an effect on the instantaneous 
speed. The measurement is typi-
cally made with an incremental 
encoder in combination with a 
counter card to measure the time 
elapsed between the rising edge of 
the encoder signal (Fig. 3). In this 

way, the angular information is 
captured directly. Encoders based 
on the MR effect have the neces-
sary high resolution, high angular 
accuracy and high bandwidth for 
fast rotating shafts.

Cooperation project with 
TU Darmstadt

In a cooperation project between 
Sensitec and the Institute for Pro-
duct Development and Machine 
Elements (pmd) at the Technical 
University of Darmstadt under the 
direction of Professor Eckhard 
Kirchner, the condition monitoring 
of flank damage on spur gears 
with MR sensors was investiga-
ted using the IAS method. A gear-
box vibration test rig was used to 
measure the IAS (Fig. 4). A 30 kW 
three-phase asynchronous motor, 
which was limited to an output tor-
que of 96 Nm, served as the drive 

(driving motor). A modified spur 
gear was used as the test speci-
men. A measuring flange for tor-
que determination and a telemetry 
system were fitted between the 
drive and the test specimen. Ano-
ther asynchronous motor served 
as the brake (braking motor). 

Different objectives were pursued 
in the project:

• A comparison of sensors based 
 on different magnetoresistive
 magnetoresistive effects (AMR, 
 GMR and TMR)
• An investigation of different
 locations in order to
  identify the ideal fication 
• A comparison of the sensitivity
 between „classical“ piezo-
 resistive accelerometers and
 MR sensors

Four different types of sensors 
were integrated into the modified 
gearbox on both the drive side and 
the load side (Fig. 5). In some ca-
ses, the gears themselves were 
used as measuring standards or 
additional magnetic pole wheels 
were attached to simulate the fun-
ction of a bearingless encoder. 

First, measurements were made in 
4-quadrant operation on the unda-
maged gearbox. The tooth meshing 
frequencies were clearly visible in 
the evaluated IAS signal. Then, 
damage was deliberately induced 
on several tooth flanks (Fig. 6) to 
see if the MR sensors could detect 
this damage. The measurements 
were repeated and the local tooth 

flank damage was clearly visible 
in the IAS spectrum. A comparison 
with the signals from the vibrati-
on transducers showed that both 
measurement methods showed 
similar sensitivity. The positive re-
sults indicate that the IAS method 
is at least an equal alternative to 
vibration monitoring by means of 
vibration transducers and is also 
more robust against distortions 
due to the transmission path. 

The three main goals of the project 
were all successfully achieved. 
Sensors based on all three com-
mon MR principles are in principle 
suitable for the detection of the IAS 
signal. Installation locations com-
parable to those of common bea-
ringless or conventional encoders 
have provided usable signals. This 
means that no additional measu-
ring points or sensors are needed 
to perform vibration analyses. 
Last, but not least, the MR sensors 
have shown a similar sensitivity to 
vibration transducers. 

Outlook

Further investigations are planned 
both in another cooperation pro-
ject with the TU Darmstadt and 
within the BMBF-funded project 
KI-PREDICT, which we reported on 
in our last newsletter and will run 
until February 2023. Here MR sen-
sors are used to enable condition 
monitoring of linear guides. 

By: Dr. Rolf Slatter

Fig. 3: Estimation of the instantaneous angular velocity (source: Sensitec GmbH)

Fig. 5: Schematic representation of the installation positions of the MR sensors (source: pmd, TU Darmstadt)

Fig. 4: Transmission vibration test rig (source: pmd, TU Darmstadt)

Fig. 6: Gear wheel with inflicted flank damage (source: pmd, TU Darmstadt)
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NASA rover sends photos from Mars
Sensors take over important tasks 

Company | News 

Research | BaSys über Prod

After a seven-month journey 

through space, the Mars ro-

ver „Perseverance“ has landed 

gently on the Red Planet. US 

President Joe Biden spoke of a 

„historic“ landing and congra-

tulated NASA. There was also 

rejoicing at Sensitec. 

We were cheering along 
with the live transmission 
on the screen and hoping 
that the landing would be 
successful.
 

„It was exciting right to the end, 
because in the end, the last mi-
nutes before landing decide the 
success of the mission,“ explains 
Dr Rolf Slatter, CEO of Sensitec, 
who has accompanied all previous 
projects with NASA. In total, the-
re are about 20 MR sensors from 
Sensitec on board the rover. Simil-
ar to the „Curiosity“ Mars mission, 
the miniaturised magnetoresistive 
(MR) sensors provide informati-
on on the angular position of the 
wheels, the steering, the camera 
and the communication antenna. 

Six Sensitec sensors are instal-
led in the wheel drives and four in 
the steering drives. They ensure 
that the vehicle can be moved and 
steered. Perseverance can turn on 
the spot and reaches a top speed 
of 152 metres/hour. Three sensors 
are used in the remote sensing 
mast to position the 3D camera, 
which is to provide high-resoluti-
on images of the Martian surface. 
Two sensors are integrated for the 
alignment of the antenna for direct 
communication with Earth, and 
five additional sensors are wor-

king in other instruments. Should 
they not work, this means that 
„Perseverance“ will not get far on 
Mars and, moreover, direct com-
munication with Earth will not be 
possible. 

But all went well. Shortly after the 
landing, a first black-and-white 
photo of the Martian surface taken 
by „Perseverance“ was publis-
hed, and in the days that followed, 
scientists received more photos, 
videos and the first sounds ever 
recorded on Mars. But beyond the 

extremely complex technology in-
volved in the space projects, there 
is always one more important task 
to complete once the rover is in the 
starting blocks: What should be 
the name of the vehicle that will 
soon roll across Mars? NASA once 
again let internet users vote. In the 
end, „Perseverance“ prevailed. 

Let‘s hope that the name says it all 
and that the rover can still deliver 
many impressions and important 
information. 

FURTHER SPACE PRO -
JEC TS FOR SENSOR 
TECHNOLOGY FROM 
SENSITEC

Further space projects involving 
Sensitec are also planned for 
the future: 

 BepiColombo 
to Mercury (arrival in orbit in 
2025)

 JUICE 
to Jupiter (planned launch in 
June 2022, arrival in orbit in 
2029)

 ARIANE 6 
First flight in 2022 with spa-
ce-qualified current sensors 
for the thrust vector drive in the 
first rocket stage

Fig. 1: The Mars robot „Perseverance“ has taken a photo that is so high-resolution that even tiny details are visible. NASA is hoping for clues to 
earlier life on the planet (Source: NASA/JPL-Caltech). 

In the new research project „Ba-
sic system for cross-company 
production support“, 21 partners 
from science and industry - inclu-
ding Sensitec GmbH - have been 
working since the beginning of 
this year on solutions for the trans-
formation to digitalised, flexible 
Industry 4.0 production. The open 
source middleware Eclipse BaSyx 
is being used in particular. The 
goal: to implement representative 
use cases in commercial enter-

prises and to work out the reuse 
potential of the solutions for other 
contexts. The research project, led 
by the Fraunhofer Institute for Ex-
perimental Software Engineering 
IESE in Kaiserslautern, builds on 
the successful work and results of 
the two previous funded projects 
BaSys 4.0 and BaSys 4.2 - and de-
velops them further. The Federal 
Ministry of Education and Rese-
arch is funding the new project 
for two years. Just in time for the 
start of the project, the upcoming 
1.0 release of the Eclipse BaSyx 
middleware marks an important 
milestone for the feasibility of In-
dustrie 4.0. The software develop-
ment kits made available as open 

source enable users to dive direc-
tly into the world of management 
shells. Off-the-shelf components 
make it easy to set up digital twin 
environments without program-
ming experience - and in confor-
mity with the standards.

Prof. Dr. Peter Liggesmeyer, Direc-
tor of Fraunhofer IESE, explains 
the benefits for industry: „The re-
search project ‚BaSys überProd‘ 
will support the implementation 
of flexible cross-company sup-
ply chains, efficient production of 
small batch sizes, and revolutio-
nary data-driven business models 
in numerous industrial application 
contexts. We will make the resul-

ting digital interfaces and models 
freely available via our Eclipse 
reference implementation BaSyx 
and thus decisively advance the 
fourth industrial revolution.“ 

Industry 4.0 Middleware at Companies
Software to simplify cross-company production processes

The „BaSys überProd“ rese-
arch project strengthens the 
cross-company production 
support

(Source: istock/Fraunhofer IESE) 

Sensitec‘s contribution to ‚BaSys überProd‘ 

Sensitec will work closely with TU Kaiserslautern and Fraunhofer IESE on 
the development of software to perform a preliminary analysis when integ-
rating new sensors into existing production facilities. This task not only ad-
dresses the virtual design of sensors, but also the development of AI-based 
algorithms for the evaluation of sensor data. 

„
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Reducing the additional effort 
for customised adaptations and 
thus enabling a short „time to 
market“ for the user is the focus 
of the new flexible development 
platforms for integrated length 
or angle measuring systems. 

At the upcoming SENSOR+TEST, 
Sensitec will be presenting fle-
xible platform products for dis-
placement or angle measuring 
systems, which are based on a 
modular concept and offer the 
user an ideal basis for his custo-
mer-specific further develop-
ments and individual adaptations. 

With the high-resolution incremen-
tal encoder module EBx7914 and 
the nonius absolute encoder mo-
dule EBM7921, the user receives 
a good basis for the further de-
velopment of his optimised, custo-
mer-specific solution - and with as 
little additional effort as possible. 
The requirements for length and 
angle measurement sstems are 
highly application-specific with 
regard to the required resolution, 
necessary dynamics, permissible 

Product News | Length-/Angle Measurement

ven vernier measuring principle. 
Two TMR-FixPitch sensors enable 
both linear displacement measu-
rement and measurements on the 
shaft circumference, e.g. for hol-
low-shaft encoders or motors. The 
sensor module is particularly sui-
table for use in encoders for indus-
trial automation. The new platform 
products benefit from the specific 
advantages of the MR effect such 
as high accuracy, high resolution, 
dynamics, freedom from wear, ro-
bustness and integration capabili-
ty thanks to their compact dimen-
sions. Due to the platform product 
approach, the functions of the 
individual products can be easily 
adapted to the (mostly geometric) 
conditions of the customer appli-
cation - customer-specific variants 
with an improved „time to market“ 
are thus created from a qualified 
platform product. The new plat-
form products will be available 
from the 3rd quarter of 2021. René 
Buß, Head of Product Manage-
ment & Business Development, 
presents the products in a YouTu-
be video. Take a look right now!

Don‘t miss the digital SENSOR+-
TEST 2021!

For more than a year now, trade 
fairs as we have known them so 
far have become impossible due 
to the Corona protection measu-
res. The SENSOR+TEST 2021 will 
therefore once again take place 
completely digitally. We therefore 
cordially invite you to the digital in-
novation dialogue! Even as a digital 
trade fair, SENSOR+TEST remains 
the leading forum in the fields of 

air gap between sensor and mea-
suring scale as well as possible 
sensor arrangement. The sensor 
modules with magnetoresistive 
sensors and powerful signal pro-

cessing and offer a maximum of 
flexibility to meet the demanding 
requirements from different ap-
plication areas. The new platform 
products EBx7914 and EBM7921 
are based on a modular con-
cept combining different sensors 
(length or angle sensors) with a 
high-resolution interpolation ASIC 
in different arrangements for a 
wide range of applications (e.g. 
axial, on-axis arrangements or ra-
dial, off-axis arrangements etc.). A 
particular advantage for the user 
is that the new application can 
be quickly tested and further de-
veloped for his individual solution 

with little additional effort. The 
high-resolution EBx7914 sensor 
module for incremental length or 
angle measuring The high-reso-
lution EBx7914 sensor module for 

incrementa l 
length or ang-
le measure-
ment systems 
is available in 
two basic ver-
sions - with 
and without 
r e f e r e n c e /

index sensor - and can be equip-
ped with different AMR fixed-pitch 
sensors (i.e. the sensor is adapted 
to the pole length of the measu-
ring scale for more linearity). The 
module has a very high-resolution 
interpolator and can be paramete-
rised flexibly. The integrated au-
to-adjustment ensures excellent 
measurement performance during 
operation. A typical application is, 
for example, a length measuring 
system for intelligent tool clamping 
systems. The new EBM7921 abso-
lute encoder module is designed 
for absolute length or angle mea-
suring systems and uses the pro-

Flexible Development Platforms 
For integrated length or angle measurement

Fair | Sensor + Test 

„With the flexible platform products for displa-
cement or angle encoder systems, we offer the 
customer an ideal basis for further customisati-
on while keeping time to market to a minimum.“ 

René Buß, Head of Product Management & Business Development 

Special topic „Sensors and
Measurement Technology for 
Condition Monitoring

SENSOR + TEST 2021 Digital
Save the date!
4. - 6. May 2021
www.sensor-test.com 

sensors, measurement and testing 
technology. Exhibitors will present 
their competences from the entire 
spectrum of measurement tech-
nology: starting with sensor ele-
ments, metrological systems and 
software up to laboratory measu-
rement technology and a variety 
of industry-specific services. Use 
the electronic registration service 
and get your free e-ticket now, 
which gives you full access to 
all digital trade fair information.                                                             
On all three days, exhibitors will 
present new developments, pro-
ducts and application possibili-
ties at the specialist forums. This 
year‘s special topic is „Sensors 
and measurement technology for 
condition monitoring“ (see also the 
cover story of the current issue). 

Monitoring the condition of de-
vices, machines and plants is the 
supreme discipline for sensors and 
measuring systems. They provide 
data, analyse signals and diagnose 
causes for deviations from normal 
operation. This makes them the 
most important basis for main-
taining safe, efficient, environmen-
tally friendly and economical ope-

rating conditions. The special topic 
shows the latest developments 
from intrinsically safe sensors to 
sophisticated measuring systems 
that adapt independently to their 
monitoring task thanks to artificial 
intelligence. Since MR sensors are 
particularly well suited for condi-
tion monitoring of critical machine 
elements, Sensitec will participate 
in the exchange on this important 
technology area with an interes-
ting presentation at the specialist 
forum on 4th May 2021. 

Our experts will be available to vi-
sitors not only during the trade fair, 
but of course also on all other days 
for a personal exchange. Free e-ti-
ckets are available in the visitors 
area of www.sensor-test.com

Have a look here: 


