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From condition monitoring to Industry 4.0 ...
and what the hydraulics industry has to offer
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Conclusion

Predictive maintenance is a process that has been implemented by numerous
stakeholders in the manufacturing industry such as component manufactu-
rers, plant engineers and system operators. The digitisation of production
and IoT (Internet of things), are at the forefront of innovation in every in-
dustry and it has become increasingly beneficial to research further applica-
tions of this technology. If every stakeholder contributes its expert knowled-
ge to projects, the overall solution offers opportunities for everyone.

IoT may seem like a vague concept but it encompasses well-known processes
such as condition monitoring and predictive maintenance. Preventative
maintenance which is prescribed at fixed intervals by the manufacturers of
the equipment, is a widespread practice in manufacturing plants used to
decrease unexpected breakdowns. Often, intact components are replaced
prematurely, thus wasting existing residual running times. Increasing cost
pressure, a higher demand for machine availability and a growing interest in
sustainable management are causing plant manufacturers and operators to
look for alternatives.

From condition monitoring to Industry 4.0 ...



WHITEPAPER

Condition monitoring

EHNE

HYDRAULIK

Condition monitoring is the first step to restructure
the operation of manufacturing plants by measu-
ring and monitoring current system statuses. Sen-
sors are mounted on the machinery and constantly
send status updates to a mainframe system in the
factory, or alternatively the information is stored
locally on the sensor.

The sensors react if the predefined values of a para-
meter are exceeded or are not fulfilled, this may result
in the machine shutting down operations to avoid any
further irreparable damage. Subsequent to the cea-
se in production, the customer service department is
informed and if necessary spare parts are ordered. If
the repairs cannot be executed internally an external
engineer is commissioned to repair the machinery.
The company incurs the cost because the machinery’s
downtime causes an unexpected delay in production.

This causes costs for the plant operator. If an early
warning threshold is set for the threshold values, the
reaction can be initiated at an early stage: A first step
towards predictive maintenance.

With this and all previous concepts, however, the en-
vironmental conditions of the plant are not yet taken

Predictive maintenance

into account or cannot be reliably estimated. Unfore-
seen external influences such as dusty surroundings,
high humidity levels and extreme temperature fluctua-
tions affect the overall system as well as the individual
components installed within it. Friction and the wear
of the internal components or a change in the state of
the hydraulic fluid may occur the complete system due
to ageing.

Each factor and the interaction effect of the two are
elements not considered in condition monitoring. In
addition, there are influences from the individual ope-
ration of the plant. Measuring and recording these ex-
ternal elements is multi-layered and complex task that
requires the highest level of precision.

Condition monitoring in hydraulic systems:

The monitoring of the following system states is
State of the art:

e 0Oil level in the tank

e Qil temperature in the system
e Filter contamination

e Current operating pressure

Predictive maintenance is rapidly replacing reacti-
ve (operation until failure) or preventative main-
tenance, which have been common practices in the
manufacturing industry. Component and system
manufacturers are continuously working on new in-
novations that can eliminate the aforementioned
weaknesses of condition monitoring. The goal of
predictive maintenance is to find the optimal time
for the respective preventive maintenance measure.
Predictive maintenance should not be carried out
too early, nor too late.

From condition monitoring to Industry 4.0 ...

Predictive maintenance uses sensors that are placed
on different machinery and tools. The development of
sensor technology has enabled sensors to capture a
significantly larger number of system parameters. The
measured values are recorded and subsequently stored
in a historical database that provides detailed informa-
tion about the system status. The systematic recording
of the change in the measured values coupled with the
access to a structured database facilitates swift access
to the current state of the system. Trends are analysed
using algorithms which enables precise predictions of
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maintenance and change intervals with a low margin
of error. Moreover, predictive maintenance allows the
inclusion of environmental conditions in the analysis.

The challenges of implementing a predictive main-
tenance system are:

e The selection of measured variables

e The integration of sensors

e The formulation of the correct algorithms

Simulation models which are also known as ,digital
twins” help predict system processes with precision
based on the actual state of the system and its history.
However, in complex scenarios, designing a model is
complex and demanding due to the number of parame-
ters and external factors that must be considered.
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Fig. 1: By permanently comparing the current system data with
the historical data, the system states are evaluated in a targeted
manner. Simulations and evaluation algorithms make predictions
possible.

Data storage and analysis systems that have recently
become available on the market make the measure-
ment and capturing of large quantities of data possible
which improves the evaluation system. The measured
values and diagnostic data at the plant operator is sent
from the machinery via networks to service providers or
cloud service providers.

In addition, the targeted statistical evaluation of the
data can also provide valuable information on product
improvements at the component manufacturer or plant
constructor, as well as potential for process optimizati-
on at the plant operator.

For the plant manufacturer, however, this means higher
acquisition costs in the beginning.

From condition monitoring to Industry 4.0 ...
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The suitable sensors must be selected and integrated
into the system, evaluation algorithms developed and
a connection to the to the database established. Ho-
wever the manufacturer can offer the plant operator a
plant with costs and probability of failure in operation
significantly reduced. This is mainly achieved by a op-
timization of the system parameters and significantly
better planning of maintenance and repair work in the
company. The integration of these techniques is also
known as Total Cost of Ownership (TCO).

The sensors must be selected and integrated into the
manufacturing system, algorithms used for evaluation
purposes must be developed and a link must be integ-
rated into the database.

with FM without PM

Fig. 2: The higher acquisition costs are quickly amortized by low
operating and maintenance costs.

Predictive maintenance in a hydraulic system:

Monitoring of the following system parameters is
possible in hydraulic systems but in certain cases
the sensors to monitor the parameters have not yet
been developed:

e Oil level in the tank

e Qil temperature in the system

e Filter contamination

e Current operating pressure

e (Condition of the hydraulic fluid

e Qil contamination

* Presence/absence of water in the oil
 \Viscosity of the oil

e Gas filling pressure in the hydraulic accumulator
e Valve switching position
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Since each additional sensor reduces the manufacturing
costs for the solution, it is particularly important that
the system design a well-founded cost-benefit estimate
to precede. Here, the component manufacturer can of-
fer the system manufacturer comprehensive consulting
services by providing demand-related concepts and de-
veloped an overview of the sensors available on the
market.

Considering the high acquisition costs, the plant opera-
tor expects significant value added from the implemen-
tation of a predictive maintenance system. Depending
on the industry it is necessary to consider the costs
of machine or production downtime (e.g. automotive
industry) and service costs (e.g. offshore wind power
plant). Even safety is an element that is heavily consi-
dered in certain industries because a breakdown would
have a severe impact on operations and may cause even
more costly damages (e.g. malfunction of a brake in a
wind turbine).

Today, intelligent sensor technology also offers possi-
bilities to reduce the effort and computing power of
the control centre by self-diagnosis and independent
execution of decentralised logic functions. The sensor
can either communicate bidirectionally with the hig-
her-level controller or process the measurement data
independently.

The condition of the hydraulic fluid is a vital indicator
for the overall state of the system; therefore it is impe-
rative to regularly monitor the system. Constantly mo-
nitoring a hydraulic system is complex because a mul-
titude of factors need to be considered such as; solid
contamination, undissolved air, water contamination,
unauthorised mixing and the operating temperature.

Oil purity

Water content in the oil
Overheating

Gas pre-load pressure
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Different factors can be monitored and sensor techno-
logy is an integral part of that.

HAWE Hydraulik offers support in:

e The selection of suitable sensors available on
the market

e Integration and connection of the sensors in
the hydraulic system

e Definition of interfaces in the broader system

* Development of evaluation algorithms

Fig. 3: The range of sensors is constantly growing. The system para-
meters to be measured, the installation situation and the interfaces
are just a few of the parameters that must be taken into account
when selecting sensors.

70 to 80%

Approx. 10%

Approx. 10%

Approx. 5% (in the case of accumulator charge circuits)

Tab. 1: The experience of HAWE service technicians shows that contamination in the hydraulic fluid is the most frequent source of

malfunctions in the hydraulic system.

From condition monitoring to Industry 4.0 ...
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Application example:
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Smart hydraulic power units for machine tools

Hydraulic power units are reliable subsystems within
machine tools and production plants. Already today
the essential technical data are monitored by swit-
ches with pre-warning. For example, a necessary filter
replacement can be placed in a planned maintenance
period. I0-Link-compatible sensors can be installed in
HAWE Hydraulik compact hydraulic power packs. They
constantly record the status of the system and transfer
the data to an analysis unit. This data is then trans-
ferred to a higher-level control system via a field bus.
The result is an efficient and intelligent solution for
industrial applications. However, the actual know-how
consists in the development of suitable algorithms for
the evaluation of the recorded sensor data. Short ex-
amples give a first impression.

o Filter contamination: Altering the differential
pressure on the filter enables the technician to
predict an accurate window of time when the filter
needs to be replaced.

e Hydraulic accumulator pressure: A test cycle
to monitor the pre-load pressure in the hydraulic
accumulator can assess the information and provi-
de an accurate estimation as to when the refill is
necessary.

Imdstrial
Ethernet

‘ PLE with 10-
Lisk master
Fieldbus

Fig. 4: I0-Link-capable sensors enable a direct connection to the
higher-level control system.

From condition monitoring to Industry 4.0 ...

e 0Oil level in a tank: Continuous monitoring of the
fill level enables the detection of external leakages
and therefore the sensors can initiate the relevant
measures necessary to avert a breakdown.

e 0il Temperature: Continuous monitoring of the
temperature allows the sensors to suggest downti-
mes for the component to avoid overheating.

e State of hydraulic fluid: Additional analyses are
possible such as monitoring the wear of the pump
and assessing the state of the oil.

Fig. 5: Schematic image of a lathe

10-Link is an open and standerdised point-to-
point sensor communication system that transfers
data to the I0-Link Master or to the PLC. Beyond
the central error diagnosis function it also allows
for bidirectional communication and localisation
to the sensor level. Parameter data can be acces-
sed directly from within an application such as
an instance where the actuators can be adapted
to changing production requirements. As an open
interface, I0 link can be used in all common field-
bus and automation systems.
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Concretely implemented:
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Automated monitoring of the accumulator preload

Hydraulic units in machine tools are used for clamping
functions. Depending on the design of the system, a
hydraulic accumulator continuously supplies the hy-
draulic system with oil. The storage tank that is filled
with gas must be inspected regularly to ensure functi-
onality, currently this is done in fixed intervals prescri-
bed by the manufacturer.

Predictive maintenance can be applied to this function
by automating a test cycle for the pressure, which is
integrated into the operating process. The preventative
checks would eventually be eliminated and the refilling
would be done in specific cases only when necessary.

In the context of clamping functions, a test cycle can
be integrated into a hydraulic unit with attached me-
mory. When oil is used as the memory parameter it can
be emptied and refilled in a precise manner. As the
pressure gradient increases and the oil parameter is
taken into account, the current gas preload pressure
can then be determined. As more data is stored over a
longer period of time the algorithm is able to determi-
ne the gas refill intervals with increasing accuracy. If
the accumulators are placed in the machine the effort
made to measure the oil can be significantly reduced.

From condition monitoring to Industry 4.0 ...
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Fig. 6: A test cycle can be used to check the preload pressure of
the accumulator. If the empty accumulator is filled, the preload
pressure can be read from the sudden change in the pressure rise.

Fig. 7: If the gas filling pressure in the storage tank is continuously
monitored, the correct time for refilling is simply identified. There
is no need for regular and time-consuming checks.
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Wind energy plant
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Onshore and offshore wind turbine operators can sub-
stantially benefit from predictive maintenance. If one
imagines the maintenance assignment with access rou-
te, the service personnel climbing up and working in
the nacelle, it quickly becomes clear why. The effort
required to organize the service deployment is much
higher than for other industrial applications.

Up to now, regular maintenance intervals have been
specified by the turbine manufacturers and component
suppliers in order to reliably meet the requirements of
the Germanischer Lloyd, described in the ,Guidelines
for the Certification of Wind Turbines”.

In the event of a malfunction, the wind turbine must
be kept in a safe position for up to 5 days with the bra-
ke applied. This means that leakage in the responsible
hydraulic control system must be avoided at all costs.
HAWE Hydraulik uses directly controlled seat valves for
this function, as these are leak-free when closed. The
oil condition is decisive for the tight closing.

These are the elements that need to be constantly
quantified and analysed for this application in predicti-
ve maintenance: oil purity, oil viscosity, water content
and filter contamination. The operational and environ-
mental conditions have an effect on these elements
whilst the system is in operation. If the oil is clean,
the hydraulic valve is closed securely and remains sea-
led (depending on the design) without further actuati-
on or power consumption. Together with wind turbine
manufacturer, the component manufacturer is develo-
ping mechanisms to reduce maintenance to what is
absolutely necessary whilst complying with the safety
requirements.

From condition monitoring to Industry 4.0 ...

Fig. 8: Schematic representation of a wind energy plant

Fig. 9: Sensors for the parameters to be monitored can also be
integerated into the very compact hydraulic power units for the
wind turbine.
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In the factory of the future, machines communicate
with each other, products with each other and pro-
ducts with machines. And people just listen and ob-
serve? Networking offers a variety of possibilities
not just for one production step, but for optimizing
the entire value chain. Information about the ac-
tual status and the history enable comprehensive
evaluations and predictions.

There are already first examples in the industry of com-
panies that have implemented the concept of Industry
4.0 into their manufacturing processes and are further
developing the concept there. With Industry 4.0, the
data is transferred in real time independent of the
location of the machines or products. Some visions are
briefly summarized here.

Data of the machines and processes become available
in real time and independent of your own location.
To prevent the automation of process steps from be-
coming too complex, the establishment of networked,
decentralized subsystems is being discussed.

Independent function modules, consisting of hardware
and software, facilitate the structuring of increasingly
complex systems.

\
A
\

| | |
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Fig. 10: Conventional boundaries in process organization and data
structures are broken down. Interactions between the real plant,
the controlling software and the databases take place independent-

ly.
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Industry 4.0 eliminates the conventional limits that
exist in data structures and process organisation. The
data exchanges between the system, software and the
databases must be controlled. Offsite human-machine
interfaces are commonly used for this purpose.

Security and authorization concepts currently play an
important role for all three target groups, plant ope-
rators, plant manufacturers and component manufac-
turers. Where are which data, services and functions
executed and stored? It is precisely the point of data
sovereignty that is discussed in every project on many
levels between those involved. New utilization con-
cepts are created both for components and the entire
plant.

.In so-called cyberphysical systems (CPS), data,
services and functions are held, retrieved and exe-
cuted where they offer the greatest advantage in
terms of flexible, efficient development (including
design and engineering) and production. This is no
longer necessarily on the classic automation levels.
For example, process data could be obtained via
services in a so-called ,automation cloud” instead
of via sensors on the field level. This leads to the
hypothesis that the automation pyramid, which still
predominantly exists today, will be gradually dissol-
ved by the introduction of networked, decentralized
systems, and that the various levels for hardware
structure and networking as well as for informati-
on processing and engineering will no longer exist.
Services, data and hardware components can be dis-
tributed to arbitrary nodes of the emerging network
and thus form abstract functional modules from
which the automation system is built.”

Source: ,Cyber-Physical Systems: Chancen und Nutzen aus Sicht
der Automation”, April 2013, VDI/VDE-Gesellschaft Mess- und
Automatisierungstechnik
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All parties (component manufacturers, plant engineers
and system operators) have to combine their efforts to
participate in the search for cost-efficient as well as
safe automation concepts. Increased networking and
joint targeted usage of data would benefit all parties.
The speed and scope of implementation varies across
industries. Areas of interest for system operator are:

* Decentralised automation at the field level
e Secure information processing and data management
e Stable networking process control systems

On the basis of a realistic consideration of effort
and benefit, the measures should be defined jointly
between component suppliers and plant manufacturers
as well as between plant manufacturer and plant opera-
tor. The multifaceted requirements call for the pooling
of different competencies in the project team and the
involvement of external experts. From both an econo-
mic and a social point of view, this common approach
will pay off for all participants.

This concept offers each party specific benefits for cost
reduction and for improvements in performance such
as:

e The system operator avoids unexpected failures of
the machinery. The availability of the plant increases
as well as the product and quality processes.

* The plant engineer can better plan a maintenance or
service assignment and stock necessary spare parts
in good time. He can detect malfunctions and opti-
mize system operation.

e The component manufacturer can manufacture the
spare part on time. He receives important informa-
tion on the failure probabilities and the service life
of his products.

From condition monitoring to Industry 4.0 ...

In 2017, the management consultancy Roland Ber-
ger conducted a broad-based company survey to-
gether with the VDMA and Deutsche Messe. The aim
was to gain an overview of the current development
status of predictive maintenance and the status
of the implementation of PM solutions in German
mechanical engineering. To this end, companies in
the drive/fluid technology, electrical automation/
robotics, discrete manufacturing technology as well
as software and digitization technology questioned.

In this study, respondents already confirm the as-
pect of increasing performance: , According to 79%
of the study participants, the benefit of predicti-
ve maintenance for the customer lies primarily in
increasing the performance of production techno-
logy, e.g. through higher plant availability, service
life and more stable processes - in contrast, only
just under one fifth of the companies see predictive
maintenance as a lever for reducing maintenance
costs.”

Source: ,Predictive Maintenance Service der Zukunft - und wo
er wirklich steht”, April 2017, Roland Berger GmbH, Miinchen

Traditional Mindset
DATA COLLECTOR

Dightal Mindset
VALUE-ADDING

PARTNER

Fig. 11: Basic philosophy of Predictive maintenance, from
.Predictive Maintenance Service der Zukunft - und wo er wirklich
steht”, April 2017, Roland Berger GmbH, Munich
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Conclusion HAWE Hydraulik SE

As a supplier of components and manufacturer of products, HAWE Hydraulik is facing up to the topic of di-
gitisation in two dimensions. On the one hand, the company integrates as a development partner according
to the customer requirements intelligent sensor technology in hydraulic power units and valve technology.
Algorithms for evaluation are developed and, together with the system manufacturer, a demand-oriented
complete concept has been worked out. For this purpose, the configuration data is stored before delivery
of the products, operating data during operation or an error status in the event of service are stored in a
customer-related way and evaluated. Using a data matrix code, this data is to be made accessible easier
even for the plant engineer and the system operator in the future.

On the other hand, HAWE Hydraulik records field data in its own production facilities and analyses them from
a wide variety of points of view. In the process, very practical empirical values can be gained, e.g. on the
influences of the environment and individual operation.

These findings then flow into the selection of suitable sensor technology, the creation of algorithms and the
data management of the company’s own components. Know-how and experience grow with each customer
project. This also benefits the company’s own product development and the development of an attractive
range of services for customers.

_ HYDRAULIK

a Predictive Maintenance
Hydraulics in the Cloud

Fig. 12: HAWE Hydraulik is available as a discussion and development partner for the topics presented.
Suitable demonstrators will be exhibited at the relevant trade fairs.
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HAWE Hydraulik SE
Einsteinring 17

DE-85609 Aschheim/Munich
Phone: +49 89 379100 - 1000
info@hawe.de
www.hawe.com
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