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Programme

•	 Opening words
	� Wolfram Runge (chairman), Berliner Hochschule für Technik, Berlin (DE)
•	� Keynote: Research on Gas Bearings at Tokyo University of Science (Precision 

Engineering Lab)
	� Masaaki Miyatake, Tokyo University of Science, Tokyo (JP)
•	� High-Quality innovative Series Production of Foil Bearings
	 Bram Spijkers, Bosch, Tilburg (NL)
•	� Experimental and Theoretical Investigations of Annular Aerostatic Seals
	 Mikael Miettinen, Aalto University, Aalto (FI)
•	� Development of Aerodynamic Bearings for High Speed Centrifugal Compressors
	� Fabrizio Pauri, Carbomech, Burolo (IT), and Federico Colombo, Politecnico di Torino, 

Turin (IT)
•	� From Passive to Hybrid and Controllable Gas Bearings – Theory & Experiments
	 Ilmar Santos, DTU, Copenhagen (DK)
•	� Alternative Air Bearing Concepts for the robust and reliable Bearing Support 

of High-Speed Turbines
	� Myra Bianca Mehlhose, et al., TU Darmstadt, Darmstadt (DE)
•	� Rigid Gas Bearings and Low-Viscosity Gases: Case Study
	� Mihai Dobrica and Eliott Guenat, ebm-papst, Mulfingen (DE)
•	 Wrap-up
	 Wolfram Runge

Note: for some of the authors, simulation and/or experimental results could not yet 
be reported, as their results will be published shortly at scientific conferences 
or in scientific journals.
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The sixth edition of the Gas Bearing Workshop, an initiative 
of DSPE, VDE GMM and the Bond voor Materialenkennis, 
was held 31 March 2025 in Düsseldorf (DE). Approximately 
50 people from Japan, USA, Italy, Finland, Denmark, UK, 
Germany, France, Switzerland, Belgium and the Netherlands 

The 6th Gas Bearing Workshop, on 31 March 2025 in Düsseldorf (DE), attracted some 
50 participants from all over the globe. The presentations covered the latest developments 
in modelling, experimentation, dedicated test-rig design, applications, system design and 
manufacturing, including approaches/tools to arrive at an optimal design while balancing 
functional and manufacturing/cost aspects. The keynote was presented by professor 
Masaaki Miyatake from Tokyo University of Science, who gave an overview of gas-bearing 
research and developments at universities and companies in Japan.

participated in an informal and interesting workshop. Seven 
lectures were given plus two poster/table-top presentations. 

Chairman of the day was Wolfram Runge (Berliner Hoch
schule für Technik). Members of the programme committee 
included, in addition to Runge, Jos Gunsing (MaromeTech/
DSPE, chairman and author of this report), Farid Al-Bender 
(KU Leuven), Ron van Ostayen (Delft University of 
Technology) and Ronald Schnabel (VDE/VDI GMM).

Keynote
Professor Miyatake gave an overview of research on gas 
bearings in Japan; see Figure 1. Research was started in the 
early 1950s by professor Mori at Kyoto University and has 
been continued in institutes such as Tokyo University of 
Science, Tokai University and Kyoto University. Companies 
also conduct research on the design and manufacture of gas 
bearings, either for component sales or application in their 
own products. Companies like OILES (sliding/rotating 
bearings), TOTO (sliding bearings), Kyocera (amongst 
others, printing equipment), Shibaura Machine (high-
precision machining centres), Sumitomo (amongst others, 
vacuum-compatible stages), Canon (semicon, own use), NSK 
(bearings) and NTN (bearings) are active in applied R&D.

In professor Miyatake’s group, the research subjects are: 
•  �aerostatic bearings, as well as hydrostatic bearings 

(especially water-lubricated and hybrid bearings);
•  gas-foil bearings;
•  �study of rotational and machining accuracy of end milling 

process with aerostatic spindle bearings;
•  �porous gas bearings manufactured by direct metal-

printing technology;
•  �aerodynamic foil bearings using self-lubricating resin 

material;
•  �near-field acoustic levitation and squeeze-film levitation.
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History of gas-bearing research in Japan in scientific institutes and industry.
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Miyatake investigated, for example, the impact of the porosity 
on bearing properties, including the porosity distribution over 
the bearing surface in radial direction; see Figures 2 and 3. 
A peculiar observation was that a difference in air permeability 
in radial direction (both coarse/fine and fine/coarse, as seen 
in the radial direction from outside to inside; Figure 3b) gave 
a stability improvement compared to a uniform distribution 
over the complete surface, especially at lower load and higher 
bearing air gap. The fact that both the fine/coarse and 
the coarse/fine distribution add to stability is still subject 
of further investigations, in modelling as well as experiment.

Another interesting topic concerns near-field acoustic 
levitation/squeeze-film levitation; the principle is shown 
in Figure 4. The underlying physics is that high-frequency 
vibrations cause a strong squeeze-effect force, counteracting 
the attraction force due to the low pressure/vacuum, 
thus keeping the surfaces apart.

Applications can be found in picking up, moving and placing 
components in semicon applications (see Figure 5), both 
on printed circuit boards and for stacking chips. Due to the 
avoidance of contact, potential damage to components can 
be prevented, apart from effects with respect to sticking 
surfaces (electrostatic, Vanderwaals or other forces). 
A peculiar side effect is that this mechanism of attraction 
(vacuum) and repulsion (squeeze) has a self-aligning effect, 
which can also be modelled/simulated; see Figure 6. This 
effect is necessary to ‘hold’ the components during picking 
and placing. One can imagine that the accuracy and stability 
of holding and placing is an item for further investigation.

Controllability 
Ilmar Santos of DTU Denmark presented several studies on 
bearing phenomena, bearing system design, and the related 
multiphysics experiments. The use of air as a lubricant 
reduces friction losses and is an excellent green solution. 
However, it imposes serious technological challenges: 
i) even tighter manufacturing tolerances for rotor-bearing 
assembly, ii) significant reduction of load capacity due to air 
compressibility, and iii) rotor lateral vibration instabilities 
due to the lack of damping. 
Santos’ team has been working on controllable bump-foil 
journal bearings (controlled by measuring the air gap or 
shaft-housing distance) injecting air in the air gap between 
foil and shaft in the bearing; see Figure 7. In this way, the 
bearing can be controlled such that bearing instabilities 
are avoided to a large extent, as shown in Figure 8.

Pros and cons of bearing variants
Several variants have come up based on basic air-foil-bearing 
and rigid air-bearing designs for high-speed rotor systems, 
such as presented by Myra Bianca Mehlhose of TU Darm
stadt. She compared several types of journal air bearings 
(Figure 9), eventually combining two of them into an air-
ring journal bearing (Figure 10). The rigid air bearing is 
relatively easy to model, whereas the air-foil bearing is very 
complex to model due to the adaptation of the foil shape 
to the pressure field, and vice versa.
The single-ring foil bearing (Figure 10) has several pros 
and cons.

Porous air bearing, including gas supply.

Impact of laser-sintering power variation on the permeability/porosity 
of a porous bearing.
(a)	 Uniform porosity.
(b)	 2-Zone permeability/porosity in radial direction.

Acoustic levitation; vacuum forces versus squeeze-film effect due to 
high-frequency vibrations.
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Pros of the single-ring foil bearing
•	 Good damping behaviour: 
	 -  �operation above the linear threshold speed of instability 

is possible.
•	� Operation with comparatively large bearing clearances 

possible: 
	 -  �external cooling and sophisticated thermo-management 

not necessary.
•	 Tolerant with respect to angular misalignment:
	 -  higher manufacturing tolerances possible.
•	 Mechanical preload not necessary: 
	 -  �lower lift-off speed compared to air-foil bearings;
	 -  �reduced friction torques during start/stop phases 

(resulting in reduced bearing wear).
•	 Air gap decoupled from foil deformation: 
	 -  significant simplification of numerical computation. 
	
Cons of the single-ring foil bearing
•	 Larger rotor amplitudes (at least in certain speed ranges):
	 -  �not only imbalance oscillations occur, but also self-

excited whirl oscillations.
•	� Radial clearance between, for example, the compressor/

turbine wheel and housing slightly larger (as compared 
to rigid air bearings):

	 -  �slightly reduced efficiency of the compressor/turbine 
system.

•	 Slightly larger installation space.

Of course, a lot of work on both the simulation and the 
experimental side has to be carried out in order to obtain 
optimal properties. Based on the air-foil bearings consisting 
of a housing, bump foil, foil and shaft, a further simplified 
bearing was designed: the single-foil bearing (Figure 11) 
in which the bump foil has been skipped. This design also 
comes with pros and cons.

Pros of the single-foil bearing
•	 Robust design.
•	 Good stability behaviour:
	 -  no subsynchronous oscillations;
	 -  �or only subsynchronous oscillations with small 

amplitudes at higher rotor speeds.
•	� Operation with comparatively large bearing clearances 

possible (in contrast to herringbone bearings): 
	 -  �external rotor cooling and sophisticated thermo-

management not necessary.
•	 Inexpensive to manufacture: 
	 -  no complex foil understructure (beam/bump foil); 
	 -  �plain circular bearing sleeve.
•	 Simple assembly process (series/mass production):
	 -  �further simplification by producing the three bearing 

foils in one piece instead of three pieces. 

Pick & place nozzle for semicon applications, such as handling surface 
mounted devices.

Self-aligning effect of acoustic levitation.
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Active control of a gas-foil journal bearing by air injection – using a piezo-activated valve (close-up 
on the right) – in the gap between top foil and shaft, in combination with gap measurement.

Differences in vibrations between the cases of active control and no control of an air-
foil journal bearing, with and without air injection and gap measurement, respectively.

12  nr 3 2025  



Cons of the single-foil bearing
•	� Slightly larger lift-off speed compared with that of bump-

foil bearings.
•	 Slightly larger wear:
	 -  �not sure, to be examined in future work.
•	� Bearing stiffness maybe lower compared with that 

of a bump-foil bearing:
	 -  potentially slightly larger rotor running eccentricities.

Also, for this bearing type, simulation work has to 
be extended and will be supported with more tests/
experiments, to be published in the near future.

Compact bearing design
Byron Knapp of Professional Instruments Company, 
Hopkins (MN, USA), presented several posters on the 
development of a biconic aerostatic bearing spindle for 
metrology applications. This was instigated by the request 
for a more compact bearing design combined with a more 
balanced axial and radial load-carrying capacity for specific 
applications. Figure 12 shows the comparison between an 
H-type rotor and the biconic type of rotor. 

Table 1 presents the stiffness and load capacity of the 
H-style and biconic aerostatic bearings; the choice will 
depend on the application. Figure 13 typically shows the 
obtained eccentricity/run-out figures for the biconic gas 

bearing. It may be interesting to investigate the repetitive 
and non-repetitive run-out contributions; the repetitive 
contributions can be compensated for, depending on the 
application. With the help of a lumped-parameter model, 
the parameters are determined in an experimental way 
using modal analysis. Figure 14 and Table 2 show the results 
of this work; the dynamic stiffness belongs to the natural-
frequency radial mode. 
 
High-speed test-rig design
Performing measurements on bearings is in general difficult 
due to the fact that the friction forces/torques are relatively 
small compared to the loads. Moreover, the difference in 
friction before and after lift-off (full-gas film lubrication) 
is high, in particular for gas bearings. 

In air-foil bearings, hysteresis is important; friction between 
the various components – housing, bump-foil and foil – 
introduces hysteresis. This is caused by the fact that, 
for example, increasing and decreasing the radial load 
in a journal foil bearing will lead to different shaft-centre 
positions for similar radial loads, due to internal (Coulomb-
like) friction (for example, foil-to-bump-foil contact and 
bump-foil-to-housing contact). Hence, nonlinear force-
displacement curves with a hysteresis-loop are observed.
For these reasons, David Braxmaier of TU Darmstadt and 
Bosch has been working on an air-foil journal bearing high-
speed test rig for hysteresis and power-loss measurements, 
as presented with a poster. Table 3 gives an overview of the 
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11
Two types of journal air bearing.
(a)	 Rigid air bearing.			                  (b)	 Air-foil bearing.

Single-ring foil journal bearing consisting of a rigid ring plus a bump foil.

Single-foil bearing, without separate bump foil.

Comparison of bearing designs (dark grey = stator).
(a)	 H-type.				                  (b)	 Biconic.
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design alternatives; the green options have been chosen and 
combined. Figure 15 shows renders of the actual test rig. 
The requirements include:
• 	Speed:
	 -  up to 120k rpm; 2,000 Hz.
•	 Balancing:
	 -  better than 60 mgmm.
•	 Hysteresis:
	 -  �vertical load variation in combination with load cell; 

uncertainty 0.35 N;
	 -  �load range > 15 N (taken from measurements);
	 -  �deflection measurement with eddy-current sensors; 

uncertainty < 0.9 mm.
•	 Torque:
	 -  �breakaway torque uncertainty < 1.6 mNm (at start-up 

from mechanical contact to full film);
	 -  range > 150 mNm (taken from measurements);
	 -  overall torque uncertainty < 0.4 mNm.

No measurement results could be shown yet due to 
a planned publication about this test rig.

Series production of foil bearings
Bram Spijkers of Bosch Transmission Technology 
introduced an air-foil-bearing design in combination with 
high (mass-production) volumes for fuel-cell and heat-
pump system compressors, for example; see Figure 16. Both 
cases involve products that are under severe price pressure 
and have to work in a wide range of temperature conditions, 
including high-frequent start-stop regimes. Figure 17 shows 
the scalable bump-foil and foil concepts they designed for 
an axial bearing apart from a journal bearing. Figure 18 
shows that already at series of a few thousand products 
stamping becomes a feasible process.

Rigid gas bearings
Interestingly, Mihai Dobrica and Eliott Guenat on behalf 
of ebm-papst came to a different choice of gas-bearing type 
for a heat-pump system (Figure 19) with R290/propane as 
a refrigerant – R290 has a highly reduced carbon footprint 
compared to that of the current coolants/refrigerants, whose 
use will soon be banned. 
Typically for a heat-pump system, an oil-free solution 
is preferred, for reasons of, amongst others, improved heat 
transfer/performance, prevention of fouling of heat-transfer 
surfaces, and reduced maintenance. In addition, the 
application of propane means higher working pressures 
and also much lower viscosities. This implies dealing with 
(much) higher Reynolds numbers and thus a much higher 
probability of turbulent instead of laminar flow regimes, 
which will impact bearing behaviour and friction values.

Based on criteria such as shaft positioning (compressor/
housing clearance related to compressor efficiency), bearing 
efficiency, and cost/integration ease, they selected a self-
acting rigid bearing; in this case, a herringbone journal 
bearing in combination with a spiral-groove-thrust bearing. 
Alternatives were foil bearings as well as hybrid externally 
pressurised, tilting-pad and magnetic bearings. A multi
physics design approach was followed to arrive at the 
optimal design. Figure 20 shows the selected electrically 

13a
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13b

Biconic bearing radial and axial error-motion figures.
(a)	 Within 21 nm.			                  (b)	 Within 23 nm.

Radial frequency response, showing increasing natural frequency with 
increasing air pressure. The structural mode belongs to the bearing-
stator bending mode (saddle-shape).

Table 1
Comparison of statical stiffness and load-carrying capacity of H-type (10R) 
and biconic (ABRZ250) bearings.

Spindle type
Axial

(N/μm)

Stiffness
Radial
(N/μm)

Tilt
(N·m/μrad)

Axial
(kg)

Load  
capacity

Radial
(kg)

Tilt
(N·m)

10R (specified)       930       190         6       580       100       362 

ABRX250 (measured)       446       181         4       327       236       311

Table 2
Static and dynamic stiffness.

Inlet 
pressure

(MPa)

Axial
kstatic

(N/μm)

Tilt
kstatic

(N·m/μrad)
kstatic

(N/μm)

Radial
kdynamic
(N/μm)

ksqueeze
(N/μm)

          0.4           405           2.8           180           469           289

          0.55           495           3.2           210           525           315

          0.7           655           3.9           235           564           329
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driven ceramic shaft /compressor combination. In the 
multiphysics study, Dobrica and Guenat applied a Pareto 
approach for pre-screening the design space. Subsequently, 
amongst others, genetic algorithm techniques were applied 
to optimise the design/manufacturing parameters. 

Many tests/experiments were carried out. Figure 21 shows 
an example of the axial position reaction in a surge 
(compressor/pump instability) situation. This surge 
situation did not lead to critical bearing behaviour.

Further research/development will be carried out 
with respect to:
•  �more insights into turbulent flow regimes within 

the bearings;
•  �application of magnetic preload on a thrust bearing;
•  �further widening of manufacturing tolerances 

in combination with efficient and robust running 
of the compressor.

Dynamic bearings
Fabrizio Pauri and Federico Colombo, of Carbomech 
and Politecnico di Torino, respectively, have been working 
together on dynamic bearings for thrust- and journal-
bearing applications in centrifugal compressors, blowers 
(amongst others, fuel-cell applications), etc. They also 
selected herringbone journal/spiral-groove-thrust bearings; 
see Figure 22. 
Apart from simulation work, they also set up extensive test-
rig equipment to test radial/axial stiffness, load-carrying 

Torque Line

Linear Actor

Torque Loadcell

Preload Spring

Hysterisis Loadcell

Hysterisis Line

Traverse

Base Plate

Housing Base

Speed Sensor

Pelton Exhaust

Pelton Turbine Blades Thrust Bearing DiskTorque Rod

Bearing Holder

Cartridge

Beam-Foil
Top-Foil

EP Spacer Axial Bearing Cover

Housing
Pelton Nozzles

Pelton Cover

Pyrometer

Water Cooling Supply

Distance Sensors

EP Air Supply

EP Bearing Cartridge

Rotor

EP Thrust Bearing

Axial Distance Sensor

EP Air Supply

Table 3
Design alternatives for an air-foil journal bearing high-speed test rig, 
showing the chosen module concepts in green.

Overview and close-up renders of the test rig.
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16

17

Application areas for gas-foil bearings.
Scalable axial foil bearing (on the left), showing separate bump-foil and top foil, 
and assembled journal air-foil bearing without shaft (on the right).
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capacity and friction torque during contact/start-up and 
lift-off phases; see Figure 23.
Figure 24 shows results from finite-difference modelling, 
Muijdermann-modelling (based on an infinite number 
of grooves) and experiments. The experiments, with 
a damaged/scratched groove pattern, showed lower film 
thicknesses than expected for undamaged surfaces; further 
tests have not yet been carried out.

Aerostatic bearings
Mikael Miettinen of Aalto University showed work on 
porous aerostatic seals and bearings. This concerned both 
experimental and modelling/theoretical work including 
comparative measurements of ‘home-made’ and off-the-
shelf aerostatic bearings, as well as work on smart bearings 
(with integrated fly-height measurement and feedback to 
air-supply pressure). 

He described an interesting case in which aerostatic bearings 
manage paper-machine-roll bending compensation in order 
to keep the paper thickness constant over 8 m width (paper 
speed up to 2,000 m/min, roll diameter approximately 1 m); 
see Figure 25. Due to the application of aerostatic bearings, 
the dissipation in friction is orders of magnitude lower than 
with compensation by hydrostatic bearings. Figure 26 shows 
a test set-up for his application.
Miettinen is also working on a portal-based, open 
programme for doing simulation work (analytical 
and numerical solutions) on aerostatic bearings aimed 
at calculating load capacities, stiffnesses and air-supply flow 
rates. To date, the number of bearing configurations in the 
programme is limited, but this will be expanded gradually. 
For a view of the internet portal, see the article on page 19 ff.

Conclusion
The workshop demonstrated that a lot of new developments 
are taking place in both the aerostatic and aerodynamic gas-

Production process cost vs production volume; change-over from etching to stamping.

Response to compressor/pump surge instability; Δ axial movement 
(vertical axis) within 7 mm.

Heat-pump system with electrically driven high-speed compressor.
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20

Compressor/shaft design with ceramic shaft/bearing surfaces (on the right).
Herringbone-groove air-bearing shaft and spiral-groove axial bearing 
flange.

22
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bearing field, in modelling, experimental set-ups, 
applications and methods for obtaining an optimal bearing 
and system design. Also, some interesting new concepts 
were shown. Of course, within the scope of this review, 
only a limited number of aspects could be described. 

Invitation
Interested parties are kindly invited to search the literature 
or contact authors/presenters, if necessary, through the 
author’s mediation. Needless to say, they can also consider 
participating in a future Gas Bearing Workshop as a listener 
and/or presenter, to extend their knowledge/insight and 
network. The next edition will be held in early spring 2027, 
once again in Düsseldorf.

23

Test-rig set-up/equipment in two views.

Studies of dynamic bearings using both simulation and experiment.
(a)	� Results, showing film thickness vs speed, from finite-difference modelling (FDM), Muijdermann-

modelling, and experiments (the lower three curves).
(b)	 Schematic with parameters for modelling spiral grooves. 
(c)	 The (damaged) axial bearing used for the experiments.

24a

24b 24c

Paper-machine rolls; bending compensation in the roll is applied 
to maintain a constant paper thickness over the roll width.

25

Test set-up for bending compensation of aerostatic air bearings.
(a)	 Schematic.
(b)	 Realisation.

26a

26b
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