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1. Reliability of Complex Mechatronic Systems

The design of reliable systems is a key challenge in product engineering [1]. Functional
reliability means the ability of a system to fulfill its required functionality under specified
conditions for a specified period of time [2], ensuring the performance and robustness
in operation of a system. In case of complex systems, system reliability is particularly
challenging due to strong interactions between the subsystems of a single technical system
and its environment. It is therefore important to be aware of future applications of the
system in order to take them into account during product development. This can be enabled
by application data using integrated sensors and validation, verification and testing (VVT)
strategies.

At the system level, investigation of functionality and system modeling as well as
simulation techniques are needed. Strategies for the design and operation of mechatronic
systems also require optimization methods and control approaches.

On the topic of machine elements, research is needed in sensor technologies and
signal processing for machine diagnostics and prognosis. For mechatronic systems, there
are approaches for integrating sensors into common machine elements for intelligent
mechatronic systems [3,4].

In addition, for the system design and the development of intelligent machine ele-
ments, research on VVT methods for complex mechatronic systems is needed. The role of
testing and validation is a key activity in industry, but is often underestimated in research.
VVT is the knowledge base for successful engineering, both for the next generation of
products and for proving the functionality and reliability of the current product design.
Therefore, research in the field of VVT is essential to manage the complexity of mechatronic
systems in the future. This Special Issue (SI), entitled “Reliability of Mechatronic Systems
and Machine Elements: Testing and Validation”, makes a valuable contribution to research
in this field.

The Special Issue presents original research on reliability strategies and design for
reliability, machine elements for intelligent mechatronic systems, and the role of testing
and validation during the product development of these systems.

2. Reliability Strategies and Design for Reliability

From the perspective of the design of complex mechatronic systems, there is a need
for operating strategies and design methods that force system reliability and robust design.
This concerns the topic areas of maintenance strategies, design optimization and control
strategies.

With a focus on reliable and robust mechatronic systems, methodical approaches and
system modeling for machines and dynamic systems are needed to solve key challenges in
product engineering.

This SI includes contributions on preventive maintenance strategies and system re-
liability, robust and optimized systems, and system control for powertrains and power
systems. Uncertainty in manufacturing is considered in some of the contributing articles.
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In [5], the selection of a preventive maintenance strategy for industrial machines is
proposed based on a multi-criteria decision method. As a result, a multidimensional matrix
is shown to determine the best preventive maintenance strategy for the components of a
multistage machine.

In [6], a method for the optimization of an additive manufacturing process is shown.
The developed method, which is based on a physically informed machine learning ap-
proach, helps to reduce the uncertainty of mechanical properties and enhance the quality
of printed parts, increasing system reliability.

In [7], an optimization method for brushless direct current (BLDC) motors that takes
manufacturing uncertainty into account is presented. The authors demonstrated a reduction
in the motor failure rate and performance variation by the proposed method.

In [8], a new control strategy for heating portable fuel cell systems is presented. This
study investigates reliable operation under subfreezing conditions and evaluates system
efficiency. The results were verified by simulation and experiments on a test bench.

In [9], a new position control of an electrohydraulic actuator (EHA) for use in early
product development stages is presented. Based on a multicriteria optimization of the
control in simulations, system performance was investigated in simulation and verified
on a test bench. The study shows a good prediction of system behavior for the optimized
control.

3. Machine Elements for Intelligent Mechatronic Systems

Machine diagnostics and prognosis are key factors for successful and innovative
mechatronic products in future. Product innovation requires knowledge about the state
of the system. This requires sensor technologies as well as prognostic methods for state
estimation.

In order to manufacture intelligent mechatronic systems, sensor integration into
system components is especially important. Therefore, research on the prognosis and
health prediction of machine elements is necessary. This SI includes contributions to the
diagnosis of gears, the investigation of bearing damage, research on the estimation of
external excitations and loads, and a scaling approach for drive components.

In [10], the dynamic characteristics of high-contact-ratio spur gear bearing systems
are investigated. The vibrational behavior of the system is evaluated based on a proposed
dynamic model with tooth spalling defects. The dynamic model is verified by experimental
results.

In [11], a scaling model for drive components is investigated. A functional investiga-
tion of the drive system was conducted on a X-in-the-Loop test bench based on the coupling
of a geometrically scaled drive component and powertrain. This study demonstrates a new
method for scaled component tests.

In [12], a model of a two-tooth difference swing-rod movable teeth transmission
system is proposed. The influence of external excitation and system load on the system
dynamics is investigated. The simulation results were verified by experiments on a test
bench.

In [13], a study of electrical bearing damage is presented. The authors propose a metric
to evaluate damage progression using surface property data. The experimental data show
a suitable approach for quantifying electrical bearing damage.

In [14], the degradation effects of thin-film sensors are investigated. The investigation
includes reliability measurements after high loads, which can occur after the application of a
critical component load. Based on the results, a sensor data fusion method is proposed. The
presented results can be used for system design using these sensors in machine elements.

In [15], sensor integration in an industrial gear is shown. Based on a simulation, a gear
modification was proposed and the effect on the load carrying capacity was investigated.
The approach shows the trade-off between gear performance and sensor integration used
in intelligent systems.
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4. The Role of Verification, Validation and Testing of Mechatronic Systems

The papers in this SI present new approaches and related research to address the
reliability challenges of mechatronic systems and machine elements. From a product
engineering perspective, the role of VVT is a key aspect of reliable and robust systems.

The increasing complexity of mechatronic systems encourages research of new tech-
nologies and methods, especially in the field of VVT. In this context, current challenges
are related to research on new reliability approaches, but also on machine elements to
be used in intelligent mechatronic systems [3,4]. Especially in human–machine systems,
interactions with humans and the environment are highly sophisticated [16,17].

Methods and system models are needed to study and simulate the strong interactions
between the subsystems of these complex systems. It is important to appreciate the value
of VVT activities in research and their relevance for successful product engineering in the
future.
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