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In combustion engines, the linear motion of the piston is 
transformed into a rotation by the crankshaft, which delivers 
torque to the driving shaft. In an aircraft engine, a compres-
sor draws and compresses air into a combustion section where 
fuel is added and ignited, and an exhaust nozzle accelerates the 
hot gases out of the back of the engine to generate thrust. In 
pipelines, pumps operate in stations along the pipeline to trans-
port f luids from one end to the other. Paper machines, con-
sisting of dozens of rotating cylinders produce a continuously 
moving wet mat of f iber that is then dried and squeezed in the 
machine to produce the f inal product paper. In a turbo genera-
tor, the shaft of a steam or gas turbine is connected to an elec-
trical generator to generate electrical power. One could con-
tinue this list of rotating machinery nearly indefinitely. That 
is why it ends with the seemingly trivial example of a wash-
ing machine with an electric motor inside that drives a mostly 
unbalanced drum.

But apart from the obvious complexity of an aircraft engine 
or of a huge paper machine, what makes rotating systems so 
special that even a simple washing machine made it to the list 
above? One of the difficulties in the design, production, and 
operation of rotating machinery includes the inherent imperfec-
tions of such machines. To name one example, the unbalance 
of rotating parts can hardly be avoided in the manufacturing 
process. Therefore, especially high-speed rotors need to be care-
fully balanced before putting into operation. That is not a trivial 
task for large rotors or for lightweight rotors, which undergo 
elastic deformation at operational speed. And it can get even 
more complicated if the unbalance changes during operation. 
When running a washing machine, the load distribution changes 
during spinning, and this may cause some inconvenience. But 
when the blades of the fan of aircraft engines move slightly 
out of position because they must not be attached rigidly to 
the shaft, this may cause excessive vibrations and will require 
a shutdown of the engine.

1. PREFACE
It is well known that nature, specifically evolution never came 
up with a design similar to a rotating part turning around a shaft 
or an axle. It was human beings, most likely in the late Neolithic 
era, who invented the wheel to build better means of transpor-
tation. Accordingly, very basic rotating systems can be traced 
back to the times long before our era. Another application of 
this new design idea led to the invention of mills used for grind-
ing grain, for instance. At that time, the dynamic of these early 
rotating systems was certainly not an issue. However, vehicles 
became faster and the source of power for mills changed from 
animals to waterpower or wind energy. Also, various other 
newly invented rotating machines became indispensable. With 
the increase of rotational speed and other parameters defining 
a rotating system, the design problems also increased. Over-
stressed materials, the wear of parts and occasionally strange 
and unexpected behavior of machines forced engineers to put 
more effort into the theoretical investigation of the design of 
rotating structures.

Consequently, at the time when rotating machinery became 
increasingly powerful, a new scientific field named “Rotor 
dynamics” was born. Famous scientists like Gustav de Laval, 
Arnold Sommerfeld, Henry Homan Jeffcott, August Föppl, and 
Aurel Stodola have been among those who established this spe-
cialized branch of applied mechanics at the turn of the 19th and 
the 20th century. Since then, more than 100 years have passed, 
and rotating machinery has become omnipresent in any kind 
of transportation, in nearly all industrial processes, in energy 
production and many other functions, and, last but not least, in 
our daily life.
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Unbalance is just one of the numerous imperfections that 
can hardly be avoided completely. Others are initial shaft bow, 
anisotropic shaft bending stiffness, and imperfections related 
to bearings and seals. Most of these other imperfections can 
also develop during operation and cause various vibration prob-
lems. Rubbing of the rotor shaft may generate a hot spot on the 
shaft, increase shaft bow, and lead to long-term spiral vibra-
tions. A crack in the rotor shaft is a special case of an aniso-
tropic shaft stiffness and may eventually lead to a total failure 
of the rotor system when the shaft breaks. Gyroscopic forces 
make natural frequencies speed-dependent and cause a splitting 
of the critical speeds, with vibration resonances that appear at 
unexpected rotor speeds.

As one can see from this discussion, rotor vibrations can 
be generated for various reasons. In most cases, these vibra-
tions are considered to be deleterious and usually have nega-
tive effects of varying severity. Possible consequences are the 
destruction of machine parts, fatigue during the lifetime, and 
failed functions of the rotating machines. Avoiding vibrations is 
therefore of utmost importance, and in general, damping is one 
of the keys to vibration reduction. However, in rotor systems, 
one must distinguish carefully between external and internal 
damping forces. External damping can effectively reduce vibra-
tions and is welcome in a rotor system. Internal damping, on 
the other hand, can lead to rotor instability, with potentially 
disastrous consequences. Sources of internal damping can be 
material damping of the rotor shaft or friction between the 
shaft and attachments. These damping sources can hardly be 
avoided and, in the worst case, even increase over time. A loss 
of dynamic stability of a rotor system must be avoided by any 
means. Therefore, mathematical models have been developed 
that are capable of representing such effects and phenomena 
and allow us to predict the dynamic behavior of a rotor system.

Most of the issues and examples discussed so far can be 
treated by linear system theory. This is important to know, since 
linear or linearized models are nowadays relatively easy to be 
treated numerically but do have a limited significance. How-
ever, complex bearing models, the mathematical representation 
of labyrinth seals, electromagnetic forces, impact forces, and 
others require a nonlinear description for better and more valid 
results. A much higher numerical effort is needed since the solu-
tion of the system equations must be found in the time-domain 
and not in the frequency domain as with linear systems.

In the last decades, many steps forward have been made in 
rotating machinery. New materials are in use and new bearing 
technologies have been introduced. Magnetic and foil bearings 
are particularly noteworthy. While the former ones are mostly 
active bearings that allow for completely new designs for the 
prize of a complex active control system, the latter ones are 
a passive and simple bearing type, which does use air as a lubri-
cant. Both types have their advantages and disadvantages but 
are excellent solutions in specific applications. Also, the con-
ventional oil bearings have been improved by adding oil-pres-
sure systems to make them semi- or fully active bearings. Aside 
from new bearing technology apparently much progress has 
been made in specific rotating machinery, e.g. in automatic 
balancing.

Along with the progress in rotor system hardware, also the 
theoretical background, the software development for numeri-
cal investigations and experimental testing facilities advanced 
as well. Now, computer programs based on the finite element 
method do facilitate very detailed modelling of all rotor system 
components, including housing, support structure, and founda-
tion with moderate effort. Nonlinearities can also be considered, 
but they increase the computational effort significantly. Linked 
to the advent of magnetic bearings, a unification of mechanical 
engineering, electrical engineering, and control systems could 
be observed. Nowadays, the term “Mechatronic System” is also 
appropriate for high-tech rotor systems.

Finally, a rather personal answer is given to the repeatedly 
asked question “Quo vadis rotor dynamics?”. As recent years 
show, there is always the potential for improvements and even 
for new ideas in bearing technology. In combination with mag-
netic bearings, control systems can significantly improve the 
dynamics of rotor systems. So, maybe in the future separate 
active components will be combined with bearings or damp-
ing devices for more flexibility in the dynamic properties of 
high-performance rotating machinery.

As computer hardware, numerical and experimental meth-
ods, and related software are undergoing permanent perfor-
mance increases, one can expect that f luid-structure studies 
for turbines and pumps will become easier and less time-con-
suming to conduct. This should enable design optimization 
with respect to eff iciency and vibration minimization at the 
same time.

Improved rotor dynamic models will not only help to opti-
mize the design process but will be part of a rotating machine 
as a digital twin over the lifetime to support monitoring and 
diagnosis procedures and to find the best solutions for vibration 
control in problem cases.

Electric drives will definitely become even more popular 
in the coming decades and will gradually replace combustion 
engines. As electrical motors will also undergo the typical opti-
mization process of decreasing weight and costs but increas-
ing performance at the same time, rotor dynamics will become 
more important also for this kind of rotors. The same is more 
or less true for wind turbines. Offshore wind turbine parks, 
e.g. will operate in a “hostile environment” for a rotodynamic 
system and we can expect that this situation will demand fur-
ther advances in the design and the numerical analysis of such 
systems.

Aside from this personal view of the authors of this preface, 
the 13 papers in this volume also show in which direction top 
researchers are currently working and what to expect for the 
future of rotor dynamics.

2. INTRODUCTION TO THE PAPERS
The issues dealt with in the 13 articles of this Special Section 
fully reflect the current research trends in the field of rotat-
ing machinery dynamics. As emphasized in the introductory 
paper [1], despite many decades of development of the field of 
knowledge called “rotor dynamics”, many problems still need 
to be resolved. This is because the rotating machines, both with 
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low and high output power, have a very complex structure. The 
author of this article highlights the problems in the form of 
some questions to which we still do not have precise answers. 
The most essential questions are: How can we build a coher-
ent dynamic model of a turbomachine whose certain subsys-
tems have non-linear characteristics? How can we consider the 
so-called “prehistory” in our analysis, namely, the relationship 
between future dynamic states and previous ones? Is heuristic 
modelling the future of rotor dynamics? What phenomena may 
occur when the stability limit of the system is exceeded? The 
attempt to find answers to the above questions constitutes the 
subject of this thought-provoking article.

Several articles still discuss problems of various types of 
rotor shaft bearing supports. In paper [2] there is investigated 
a thrust bearing with an additional separating disk between the 
journal collar and housing. This kind of thrust bearing and its 
implementation are addressed in a transient rotor dynamic sim-
ulation by solving the Reynolds partial differential equations 
online by means of direct integration. Here, special attention 
is focused on the coupling between the different fluid films on 
both sides of the separating disk.

A new design of a hydrodynamic bearing lubricated with 
magnetically sensitive composite fluid is presented in paper 
[3]. The magnetic flux generated in the electric coil passes 
through the bearing housing and the layer of lubricant, and 
then it returns back to the coil core. An action of the magnetic 
field on the lubricant affects the fluid apparent viscosity and 
thus the position of the rotor journal in the bearing gap. The 
mathematical model of such bearing is based on the solution 
of the Reynolds equation that has been adapted in the case of 
lubricants exhibiting the yielding shear stress. The results of 
simulations confirmed that changes of the magnetic induction 
result in changes in the bearing load capacity and thus in keep-
ing the rotor journal eccentricity in the required range.

The issue of supporting rotors with actively controlled 
magnetic bearings is still relevant and prospective. Paper [4] 
deals with research on the subject of magnetic bearing con-
trol systems for an aviation jet engine. These control systems 
are based on standard and advanced algorithms. In this article, 
theoretical and experimental characteristics of the control sys-
tems were obtained through the model algorithmic predictive 
control and the well-known proportional-derivative control, 
operational effectiveness, and accuracy of which have been 
mutually compared.

In addition to the magnetic levitation applied for actively 
controlled rotors, piezoelectric active suspensions become now 
very promising. Thus, in paper [5] a gyroscopic rotor exposed to 
unbalance is controlled with an active piezoelectric bearing. For 
this purpose, proper models are required to design a proper con-
troller. Due to the lack of related publications utilizing piezo-
electric bearings and obtaining such models, this paper reveals 
a method to receive a modal model of a gyroscopic rotor system 
with an active piezoelectric bearing. Properties of the retrieved 
model are then incorporated into the design of an originally 
model-free control approach for the elimination of unbalanced 
vibration, which consists of simple feedback control and adap-
tive feedforward control.

The touchdown bearings constitute a separate class of sup-
ports when applied to fast-spinning rotors suspended by touch-
less bearings, e.g., magnetic or gas bearings. Various materials 
are used in the construction of the touchdown bearings to ensure 
their required load-bearing capacity and tribological durability. 
Therefore, in paper [6] the influence of elastomer rings around 
the outer rings in a touchdown bearing through numerical sim-
ulations is investigated. For this purpose, there are presented 
structural models taking into consideration the properties of 
elastomers in order to calculate the bearing contact forces. 
Based on the requirements for a touchdown bearing in a fly-
wheel application, three different elastomers, i.e. FKM, VMQ, 
and EPDM, are selected for the investigations. The results of 
simulations show that stiffness and material properties strongly 
influence the maximum transmitted force. The best results have 
been obtained when using the material FKM, which enables 
a reduction of the transmitted force amplitude in a wide bearing 
stiffness range.

A suppression of lateral vibrations of the rotor-shaft systems 
utilizing their appropriate support is still an important chal-
lenge for researchers and machine operators. For this purpose, 
squeeze film dampers, which are of similar geometry as hydro-
dynamic bearings, can be successfully used. In article [7] the 
Reynolds equation describing the lubrication model is applied 
to predict the dynamic behavior of such support. But under cer-
tain operating conditions squeeze film dampers can be affected 
by significant fluid inertia effects, which are usually neglected 
when using the standard Reynolds analysis. Thus, in this paper, 
an algorithm for the prediction of these effects influencing the 
pressure build-up inside a finite-length squeeze film damper is 
presented. The algorithm developed for this purpose is capable 
to determine the pressure field, and thereby the damping force, 
inside a squeeze film damper for arbitrary operating points in 
a time-efficient manner. Therefore, it is suitable for simulating 
transient rotor-shaft lateral vibrations without the need to map 
bearing force coefficients, which are usually limited to circular 
centralized orbits.

Balancing and the identification of unbalance are still open 
questions in the rotating machinery dynamics. In order to 
improve computational tools necessary to solve these problems, 
more and more advanced modelling methods of rotor-shaft 
systems are being currently developed. For this purpose, in 
articles [8, 9] the quasi-analytical Numerical Assembly Tech-
nique is presented for balancing linear elastic rotor-bearing 
systems with stepped shafts and mass unbalances arbitrarily 
distributed in space. This method improves existing balancing 
techniques by combining the advantages of modal balancing 
with fast calculation using an efficient numerical method. The 
rotating stepped shaft is modelled according to the Rayleigh 
beam theory, including rotatory inertia and gyroscopic effects. 
Rigid disks can be attached to the rotor, and the bearings are 
represented by linear translational/rotational springs/dampers, 
including cross-coupling effects. The Numerical Assembly 
Technique is used to calculate steady-state harmonic responses, 
eigenvalues, and mode shapes of the rotor. The calculated dis-
placements are compared with the measured displacements of 
the rotor-bearing system to determine the generalized unbalance 
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for each eigenvalue. The generalized unbalances are then mod-
ified in order to calculate modal orthogonal correction masses. 
In this way, a rotor-bearing system is balanced using a single 
measurement of the displacement at one position on the rotor 
for every critical speed.

Also, the study in [10] proposes a novel, model-based method 
for a direct estimation of residual unbalances in a single plane 
and two planes after initial grade balancing of large flexible 
rotors operating at arbitrary service and critical speeds. This 
method uses results of vibration measurements from two planes 
in any single direction, combined with computational results 
obtained using a FE rotor model, in order to determine the 
residual unbalance in one and two planes through the inverse 
problem solution. This method can be practically applied to 
determine initial and residual unbalances after the balancing 
process, and further, it can be used for condition-based moni-
toring of the unbalance state of the rotor.

In addition to unbalance, detection, and identification of 
other types of imperfections common in the rotor-shaft sys-
tems have become the subject of intense research over the last 
2‒3 decades. According to this trend, in [11] for the rotating 
machines with overhung rotors, there is investigated an influ-
ence of dynamic and static unbalance of a heavy impeller, 
parallel and angular misalignments of shafts as well as inner 
anisotropy of rigid couplings on system dynamic responses. 
The considerations are carried out through an advanced hybrid 
structural model of the machine rotor-shaft system, which con-
sists of continuous beam finite elements and discrete oscillators. 
The main goal of this research is to assess the sensitivity of 
the above-mentioned imperfections on excitation severity of 
rotor-shaft linear and parametric lateral vibrations and motion 
stability of the rotor machine. To achieve this target, the har-
monic balance method, as well as the interval approach for 
system uncertain parameters, were employed.

Fluid-flow problems have always been and are an integral 
part of the dynamics of rotating machinery. In this Special Sec-
tion, an analysis of subsonic stall flutter in turbine blade cas-
cade is conducted in [12] using a medium-fidelity reduced-order 
aeroelastic numerical model. This model uses the field mesh-
free approach and is built through the hybrid boundary element 
method. The medium-fidelity flow solver is developed based 
on the principle of viscous-inviscid two-way weak-coupling 
approach. The hybrid flow solver is employed to model sepa-
rated flow and stall flutter in the 3D blade cascade at subsonic 
speeds. The aerodynamic damping coefficient with the phase 
angle related to the inter-blade in the traveling wave mode is 
estimated along with other parameters used next to analyze 
the cascade flutter resistance regime. The estimated results are 
then validated against experimental measurements as well as 
based on the Navier-Stokes high fidelity computational fluid 
dynamics model.

The so-called miscellaneous problems and case studies are 
an inseparable subject of considerations in many publications in 
the field of rotating machinery dynamics. As a typical example, 
state-of-the-art analyses for the rotor dynamic assessment of 
pumps and specific requirements for the simulation tools are 
described in [13]. These examples are the horizontal multistage 

pump with two fluid film bearings in atmospheric pressure, the 
horizontal submerged multistage pump with many bearings, and 
the submerged vertical single-stage pump with water-lubricated 
bearings. The stability of these pumps is assessed through the 
Campbell diagrams considering linear seal and bearing prop-
erties. The results of all these examples have a practical back-
ground in engineering practice, although in the authors’ opinion 
they do not always exactly correspond to real cases.

The above review of 13 papers published in this Special 
Section shows a multitude of unsolved or not fully resolved 
issues related to the dynamics of rotating machinery. However, 
one should be aware that the number of these problems is even 
greater, and with the widespread technological development, it 
may constantly increase. This situation poses a constant chal-
lenge for researchers and engineers to commit their efforts 
to the further development of this extremely important sub-
field of machine dynamics, which is the dynamics of rotating 
machinery.
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