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ABSTRACT 

Gas bearings allow the contact- and frictionless guidance 

of solid parts in relative motion. They are widely used for 

high-precision machinery, for example in the 

semiconductor industry, for medical applications or 

precision laboratory equipment. Static gas bearings offer 

some unrivalled advantages over rolling element 

bearings such as the complete freedom from wear and 

extremely low levels of mechanical noise and 

microvibration. Despite their advantages, the need for a 

pump that supplies pressurized gas made this concept 

unfeasible for space applications. We found that a 

solution to provide pressurized gas are ultrasonic 

resonant gas pumps. This paper provides experimental 

evidence that reaction wheels based on gas bearings 

supplied by ultrasonic resonant gas pumps are technically 

feasible. Moreover, it discusses whether the technology 

has the potential to lead into a new generation of high-

performance reaction wheels. 

 

INTRODUCTION 

A large number of publications (e.g. [1], [2] and [3]) 

mention reaction wheels as a major contributor to the 

pointing error of spacecraft, due to the exported 

microvibration or jitter. In the past decades tremendous 

engineering effort has been undertaken to reduce reaction 

wheel microvibration in order to improve the system 

performance. 

The vast majority of spacecraft use conventional reaction 

wheels based on ball bearings. Due to the finite 

machining tolerance of the rolling elements and races 

they generate considerable levels of vibration at multiple 

speed-depending frequencies. The high stiffness of the 

bearings allows these vibrations to get easily transmitted 

and amplified by the reaction wheel structure which 

causes loads in excess of several tens of Newtons for 

some commercial products [4]. In the last decades, ball 

bearing technology for reaction wheels has not evolved 

significantly, apart from the introduction of small 

improvements such as coatings. It is not expected that 

there will be major breakthroughs to solve the mentioned 

problems. 

For missions with fine-pointing capabilities it has 

therefore become common to use passive dampers based 

on visco-elastic material to attenuate the reaction wheel 

disturbances. These dampers work as an effective filter 

of microvibration above a certain threshold frequency – 

depending on the wheel mass typically in the range of 20 

to 30 Hz. Thereby the largest peaks of the microvibration 

spectrum are getting attenuated, but the very critical low-

frequency content of the spectrum – dominated by the 

flywheel unbalance – is actually getting amplified due to 

the resonances of the passive isolation system [5]. This 

adverse effect can be reduced by the use of semi-active 

isolators such as proposed in [6] which shows that low-

frequency damping performance can be improved by the 

use of electro-magnetic shunt dampers. Both solutions, 

passive and semi-active, have in common that they come 

at the cost of a significant mass gain in addition to the 

weight of the reaction wheel. 

Since the 1980s active magnetic bearing technology has 

been regarded as a disruptor of the reaction wheel market. 

It allows the contact-less operation of high speed rotors 

which reduces the amount of exported vibration 

considerably. Two generations of 2 Degree-of-Freedom 

(DoF) actively controlled Magnetic Bearing Reaction 

Wheels (MBRWs) have been produced by Aerospatiale 

and were flown on fine-pointing missions, namely SPOT, 

ERS, HELIOS [7], Metop and Envisat. The production 

and further development of 2-DoF MBRWs has since 

been discontinued. 

Fully active MBRWs, i.e. reaction wheels where all DoFs 

are being actively controlled, have been developed in the 

90s to mid-2000s. This technology has reached the level 

of an engineering model in Europe [8]. However, this 

development has since then not been continued. 

Although the initial performance data looks promising, 

the technical challenges are also numerous: 

− need for a launch lock and emergency bearings 

leading to increased complexity 

− low load-bearing capacity and thus limited ground 

testability due to gravity 

− large amount of sensors and actuators requiring 

sophisticated control and power electronics 

− as a consequence of the above, high development 

and recurring costs 

− approximately twice as heavy as conventional 

reaction wheels of comparable size [19] 



 

In conclusion, there is still the need for a low-disturbance 

attitude control actuator which does not come at the price 

of a massive increase of cost, weight, or complexity. We 

consider that the gas bearing could satisfy this need. Gas 

bearings operate with a gas cushion between the solid 

parts, hence do not suffer from wear-out or friction. In 

contrast to magnetic bearings they do not require active 

control, while still having excellent microvibration 

characteristics. But only the advent of miniature, piezo-

based gas pumps provides the technology to supply gas 

bearings with the required pressure, without excessive 

power consumption nor audible noise. It has therefore 

been decided to design and build a prototype to verify 

whether the perceived advantages are also present in 

reality.  

TECHNICAL APPROACH 

Functional concept 

Static gas bearings are machine elements with 

remarkable properties: The complete separation of the 

functional surfaces through a gas film results in very low 

friction values and a complete absence of stiction. Other 

favourable properties are the high precision combined 

with extremely low induced noise and vibration. 

Moreover, gas bearings are capable to operate in a wide 

temperature range without losing its properties at a wear 

rate of virtually zero. This allows continuous operation 

for years or decades [9]. 

These properties make gas bearings the first choice in 

applications where very high precision and zero wear are 

paramount – for instance as positioning stage in 

lithography machines for the semiconductor 

industry [10]. 

The gain in precision with respect to ball bearings can be 

visualized by the fact that machines intended to measure 

the surface deviations of ball bearings are based on gas 

bearings with a runout in the nanometre range [11]. 

The superior performance of gas bearings would make 

them highly desirable for space applications, however, 

the lack of an atmosphere and the need for a pump to 

pressurize the bearings – which may itself contain 

rotating parts – made the concept seem unfeasible. 

More than three years ago we came across a new type of 

pump that raised our interest. Primarily intended for the 

use in consumer goods and the medical industry, these 

coin-sized pumps drive gases both inaudible and without 

vibrations. In contrast to conventional membrane pumps 

that use volume changes to move gas, this new type of 

pump uses a standing acoustic wave in the ultrasonic 

range to generate pressure. Fig. 1 depicts such a 

micropump from UK manufacturer TTP Ventus. These 

pumps weigh just 5 g and generate a maximum pressure 

of 40 kPa at a steady-state power consumption of 

1 W [12]. 

The combination of an ultrasonic pump with a high 

precision static gas bearing in a hermetically sealed 

housing may be a promising solution for the reduction of 

reaction wheel microvibration. 

Figure 1 - Size comparison of an ultrasonic micropump 

(photo courtesy of TTP Ventus). 

 

Patent description 

An internal review of ESA experts acknowledged the 

novelty of the approach. ESA consequently filed a patent 

to protect the idea for the European space industry. 

Fig. 2 gives an overview over the patent application. A 

rotor (3) is supported by a static gas bearing (1,2), which 

is connected through pipes to an ultrasonic pump (4). The 

gaseous atmosphere (7) is sealed in a hermetic casing (8). 

The anticipated advantages of the concept are increased 

running smoothness and lower noise emission compared 

to ball bearing reaction wheels. Furthermore, the bearing 

lifetime will be indefinite if a continuous bearing 

pressurisation is presupposed. A compelling argument is 

the reduced complexity compared to magnetic bearings. 

The tiny gaps between rotor and stator of only a few 

micrometres will simplify the design of a rotor launch-

locking mechanism or may even render it unnecessary. 

 

 

 

Figure 2- Schematic cross-section of the Gas Bearing 

Reaction Wheel patent application. 

Naturally, there are also disadvantages with respect to 

conventional reaction wheel technology and magnetic 

bearings. The need for a sealed housing to maintain the 

gaseous atmosphere requires additional engineering 

effort and the drag of the moving rotor causes additional 

losses. This loss mechanism is absent in reaction wheels 

based on ball bearings or magnetic bearings.  

Furthermore, pump lifetime and a potential pump failure 

are points that need to be addressed in the future. 



 

PROTOTYPE DESCRIPTION 

Development goals and technical parameters 

Even though the proposed concept is seemingly 

straightforward, it was unclear whether or not the 

arrangement would also work in practice. More 

specifically, it was unclear whether the technical 

parameters for a prototype were anywhere near the needs 

for a future space application. 

As an internal research project, the available funding was 

extremely limited. To keep cost low, the entire prototype 

is built using Commercial-Off-The-Shelf (COTS) parts. 

Additive manufacturing was used wherever feasible. 

Traditional manufacturing was only used for the shaft 

and the rotor, where the required precision prohibited 

advanced manufacturing methods. All design software 

and the required toolchains were either open-source or at 

least free of charge. Specifically, FreeCAD was used for 

the mechanical and KiCad for the electrical design. 

The aim was to build a fully functional prototype that is 

as close as possible to a typical reaction wheel employed 

in ESA missions. Given the budget constraints, this goal 

could only be partially met. Nevertheless, key technical 

parameters such as momentum capacity, speed, weight, 

overall dimensions, as well as the mechanical and 

electrical interfaces are close or identical to their flying 

counterparts. Other features even exceed state-of-the-art 

reaction wheel technology, most importantly the high 

torque of 1.5 Nm, but also other properties such as 

modern field-oriented control and a wheel speed control 

loop. Both motor and pumps can be controlled through a 

single CAN bus. Additionally, diagnostic information 

such as the motor’s current, voltage, speed as well as the 

pump voltages, currents, power consumptions and 

pressures are continuously monitored. A photo of the 

prototype is shown in Fig. 3, and  technical specifications 

and used components are detailed in Tab. 1. 

 

 

 

 
 

Figure 3- Gas Bearing Reaction Wheel Prototype. The 

coin-sized micropumps are small compared to the 

supported rotor. 

Table 1 – Technical specification of the Gas Bearing 

Reaction Wheel Prototype 

Overview  

Angular momentum 24 Nms 

Speed 6000 rpm (628 rad/s) 

Torque 1.5 Nm 

Mass 5.6 kg 

Dimensions 400 x 400 x 110 mm 

Electrical Interface  

Digital Interface CAN @ 1 Mbit 

Electrical Power 24 – 72 V 

Rotor (incl. shaft)  

Weight 3.06 kg 

Diameter 290 mm 

Bearing System  

Radial Bearing New Way S302502 

Bushing Ø 25 mm  

Axial Bearing New Way S104001 

Flat bearing Ø 40 mm 

(single-sided) 

Pump TTP Ventus disc pump 

XP-S2-028 

3x serial (radial) 

3x serial (axial) 

Pump frequency 21 kHz 

Pressure & Pump power 70 kPa @ 3 W (axial) 

50 kPa @ 3 W (radial) 

Pressure sensor For each pump: 

NXP MP3V5050 

Communication CAN @ 1 Mbit 

Drive system  

Motor ThinGap TG5142 

Servo Drive Ingenia Everest XCR 

Inductance 3 x 17 µH (Core from 

Magnetics Inc.) 

Commutation Field-oriented control 

PWM frequency 100 kHz (low torque) 

20 kHz (high torque) 

Encoder US Digital EM2 

5000 pulses / rev. 

 

 
 

Figure 4 - Prototype without rotor. Bearing shaft, the 

stator, inductances, the pumps, and the 3D-printed base 

with honeycomb structure are clearly visible. 



 

Structure and Rotor 

Fig. 4 shows the prototype without rotor. The base 

structure is a single part, manufactured with Selective 

Laser Sintering (SLS) using glass-filled polyamide (PA-

GF). The honeycomb lattice is an integral part of the base 

structure and has the purpose to shift the resonance of the 

base well above the maximum rotational frequency of the 

wheel. 

Undoubtedly, a 3D-printed polyamide housing is 

unsuited for space applications, particularly when 

considering that the housing needs to be gas tight. 

However, for prototypes 3D printing is an excellent 

option for parts with limited accuracy, as it combines 

unmatched design freedom with fast production times 

and a low cost. 

 

Bearing system 

A sectional view of the bearing unit is depicted in Fig. 5 

where the central T-shaped shaft serves as functional 

surface for both radial and axial gas bearing. These 

bushings are COTS elements and consequently easily 

available and inexpensive. The bearings are made of 

porous carbon with a precisely machined surface. 

Pressurized gas is forced through the porous structure; 

generating a gas cushion which separates the bearing 

surface from the shaft. People unfamiliar with gas 

bearings may be surprised by the small size of the gap, 

which is only a few micrometres thick. Gas bearings, 

regardless of the technology used, have high demands on 

dimensional tolerances and consequently require very 

precise manufacturing equipment. 

As radial bearing, an air bushing with an inner diameter 

of 25 mm from US manufacturer New Way was chosen. 

The developed prototype uses a flat round gas bearing 

with 40 mm diameter as axial bearing. To correct for 

angular misalignment, a steel ball supports the bearing. 

As additional constraint, the selected configuration can 

only marginally support moment loads, which would 

arise through gyroscopic moments in satellites. 

Furthermore, the axial bearing can only support loads in 

a single direction. Even though this configuration is 

unsuitable for a real reaction wheel, this simplification is 

justified for a prototype that is operated in a preferred 

orientation under static conditions. Fig. 5 shows a cross 

section of the prototype. 

 
Figure 5 – CAD sectional view of the bearing unit. On 

the prototype, the axial bearing is single-sided only to 

support the weight of the rotor. 

The main challenge in the prototype design was to 

provide sufficient load capacity so that the shaft always 

remained separated from the bearing surfaces. In radial 

direction, the main loads were caused by the unbalance 

at maximum rotational speed, whereas the axial loads are 

dominated by the weight of the rotor. While the chosen 

bearings are designed for supply pressures of 400 kPa, it 

was evident that the micropumps can only supply a 

fraction of the rated bearing pressure. The initial sizing 

was based on the premise that the bearing load capacity 

is proportional to its supply pressure. These estimates 

were then confirmed by breadboard tests. 

 

Pump system 

The ultrasonic pump system is undoubtedly the enabler 

for this novel wheel concept. While the overall pump 

characteristics were outlined earlier, this section focusses 

on the operating principle and how the pumps are used in 

the prototype. 

 

 
Figure 6 – Operating principle of an ultrasonic 

micropump. The actuator generates a standing wave, 

making an inlet valve unnecessary (photo courtesy of 

TTP Ventus). 

Fig. 6 shows a schematic sectional view of the 

micropump. A piezo-actuator drives a metallic 

membrane at ultrasonic frequency and causes the 

creation of a standing acoustic wave in the pump cavity. 

The distinctive feature of such a pump is the absence of 

an inlet valve, as the inlet is located at a pressure node, 

whereas the valved outlet is placed at the pumps’ pressure 

antinode. The membrane displacements depicted in the 

photo are exaggerated and are only a few microns in 

reality. As a result, the pumping effect is not based on a 

volume change in the cavity, but on an acoustic effect. 

The requirements for outlet valve are rather extreme: It 

needs to open and close 21000 times per second with a 

response time of a few of microseconds. 



 

These pumps are normally sold for terrestrial 

applications requiring pump lifetimes from 1,000 to 

10,000 hours, with valve lifetime (and therefore pump 

lifetime) depending on the details of the application.  

Development of the technology would be required to 

reach the longer lifetimes required for space application 

– and to make the technology suitable for space use more 

generally. 

The initial breadboard tests revealed that a supply 

pressure of 70 kPa is required for the axial and 50 kPa for 

the radial bearing. Since the most powerful available 

pumps provided a maximum pressure of only 40 kPa, a 

series connection of three pumps per bearing was 

necessary to supply the bearings adequately.  

The compelling advantages of gas bearings with 

micropumps can be broken down into two key figures: 

force-to-power ratio and rotor-to-pump mass ratio. The 

axial bearing needs to support the rotor weight of 3.06 kg 

with a total pump power of just 3 W, leading to an 

excellent force-to-power ratio of 10 N/W. Even more 

impressive is a comparison of the rotor mass to pump 

mass. With a net weight of just 3x5 g, the pumps can 

support 200 times their own weight! 

 

Drive system 

The main objective of this project was to demonstrate the 

feasibility of a gas bearing for a reaction wheel. Hence, a 

realistic assessment requires the wheel to cover the full 

speed range. Significant drag has been expected at high 

speeds, thus, demanding for a powerful motor. Due to 

their good availability and low price, industrial COTS 

components were selected here as well. 

The motor is an ironless, frameless, brushless drive with 

permanent magnets from US manufacturer Thingap. This 

motor is a good choice for reaction wheels, as the ironless 

configuration and distributed winding results in zero 

cogging and constant torque generation. The chosen 

motor can continuously deliver a very high torque of 

2.45 Nm, but only 1.5 Nm are used in our particular 

application. In comparison, only few reaction wheels 

provide torques in excess of 0.2 Nm. 

The selected drive electronics is also a COTS component 

from the Spanish manufacturer Ingenia1. Despite its 

small form factor, it includes all functional features of 

real wheel drive electronics, namely: A digital interface, 

incremental and absolute encoders and hall sensor 

connectivity, field-oriented control, adjustable PWM 

frequencies between 10 kHz and 100 kHz, current, speed 

and position control, protection circuitry and so on. Fig. 7 

gives a good impression of the drivers dimensions. 

Despite its weight of only 38 g, the device can 

continuously deliver 45 A at 80 V [13], resulting in a 

maximum continuous power throughput of 3600 W. 

It has to be highlighted that there is a large difference 

between an industrial COTS product and space qualified 

 
1 Ingenia is part of Celera Motion, a Novanta Company 

electronics, as latter needs to fulfil a more stringent set of 

requirements. On the other hand, this product exemplifies 

the astonishing progress in the commercial 

semiconductor and electronics market. Efficiencies as 

well as power densities have increased tremendously in 

the last decade. We believe that space mechanisms will 

benefit from similar developments in the future. 

 
 

Figure 7 – COTS motor drive electronics. The device 

can drive brushless motors up to 3600 W at a weight of 

just 38 g (photo courtesy of Ingenia). 

 

EXPERIMENTAL RESULTS 

The prototype development and hardware test activities 

were conducted in the Mechanisms Test Facility at 

ESTEC. The test campaign included functional 

performance tests, microvibration tests as well as tests to 

evaluate aerodynamic drag under various atmospheric 

conditions. 

Functional Performance 

Functional performance tests were performed in order to 

study the key characteristics of the prototype, specifically 

the capability of the gas bearing to carry the weight of the 

rotor during operation of the wheel. For a first series of 

tests the pumps were set to supply a pressure of 70 kPa 

for the axial and 50 kPa for the radial bearing. The wheel 

was commanded to accelerate to a top speed of 6000 rpm, 

which corresponds to a momentum of 24 Nms. During 

the operation of the wheel no physical contact between 

rotor and stator parts could be audibly perceived. 

However, at higher speeds a flow noise was noted, 

suggesting increased air circulation around the flywheel. 

In order to evaluate the losses during operation, a coast-

down test was performed. The motor was switched to idle 

after reaching top speed; resulting in a deceleration due 

to aerodynamic drag. In total it took about 32 minutes for 

the flywheel to decelerate from 6000 rpm to 50 rpm. As 

seen in Fig. 8, the deceleration rate shows an almost 

exponential progression. For the test in air, the power 

losses are 110 W at 6000 rpm and 25 W at 3000 rpm. 



 

 
Figure 8 - Deceleration of the flywheel in different 

fluids 

 

Microvibration  

One of the main expected benefits of the gas bearing over 

ball bearings is the improved microvibration 

performance. To verify this assumption, the prototype 

was installed on a 6-DoF-dynamometer to measure the 

exported forces and torques of the wheel during passive 

coast-down from full speed to standstill. 

 

Fig. 9 shows the exported forces of the wheel in radial 

direction. The main contributor to the spectrum is the 

flywheel unbalance, which follows a typical quadratic 

increase at the main order of the rotor. The maximum 

force measured is 0.35 N at 6000 rpm, corresponding to 

a flywheel unbalance of approx. 0.9 gmm. No other 

major disturbance is visible within the spectrum, except 

of some minor broadband noise above 250 Hz. 

 

Likewise, the peak in axial direction, depicted in Fig. 10, 

occurs at the main order of the rotor at maximum speed. 

Even though some broadband noise is visible around 

150 Hz, forces do not exceed 0.25 N. A narrow-band 

signal is visible at approx. 30 Hz in both plots. These 

disturbances are induced by the test setup and do not 

originate from the wheel. 

 

These initial microvibration results are already an 

impressive demonstration of the advantages of the gas 

bearing technology. The exported disturbances of the 

prototype appear to be much more benign compared to 

commercially available, conventional wheels. This is 

mainly due to the absence of higher order harmonics – 

typically caused by ball bearing imperfections – that 

interfere with structural modes of the wheel. 

 

We suspected that the remaining broadband disturbances 

observed in the plots are caused by turbulent flow around 

the flywheel. To further investigate this hypothesis, it 

was decided to run microvibration tests using another gas 

as the working medium: helium. The implementation of 

the test setup is further described in the following 

chapter, but it is important to note that the micropumps 

were disabled in this test, since they only work with air. 

Instead, the helium was directly guided into the air 

bearings at a relative pressure of 100 kPa (1 bar).  

The entire prototype was placed in an acrylic glass 

housing. Eventually, the constant influx of helium 

displaced the remaining air entirely. As can be seen in 

Fig 11 and 12, the broadband noise spectrum of the wheel 

improved, confirming the hypothesis that turbulence is 

the main source causing the broadband noise in air. Low 

losses and the late onset of turbulence make helium a 

good candidate for reaction wheels. 

 

Figure 9: Radial forces in air 

 

Figure 10: Axial forces in air 

 

Figure 11: Radial forces in helium 

 

Figure 12: Axial forces in helium 



 

Aerodynamic losses 

Another relevant parameter to characterise the 

performance of reaction wheels is the loss torque, 

respectively the loss power. The rotating flywheel in a 

gas generates more turbulent flow with increasing speed 

and consequently results in an increased aerodynamic 

drag. While the absence of mechanical contact coupled 

with the choice of ambient gas is as described above 

advantageous for reducing microvibrations, it also has a 

significant influence on the loss power as shown in 

Fig. 13. When using helium instead of air as a working 

fluid, the losses drop. This effect gets more pronounced 

with increasing speed. While being able to reduce the loss 

power by more than 50 % at 3000 rpm from 20 W to 8 W, 

at the maximum speed of 6000 rpm it can be reduced by 

more than 70 % from 150 W to 40 W.  

 

In synergy with the experimental loss torque test, a 

computer-based performance model with a simplified 

geometry of the flywheel has been generated as 2D-

axisymmetric model using COMSOL Multiphysics. In 

the frame of this study, power losses were simulated as a 

function of rotational speed and with different fluids. 

 

The comparison between the numerical and experimental 

simulations as shown in Fig 13 gives confidence in the 

achieved experimental results. The numerical 

simulations yield lower loss power values than the 

experimental tests. This is due to the simplification of the 

assembly within COMSOL and the disregard of 

secondary sources of the loss power characteristics 

caused by the bearings or obstacles causing a distortion 

of the flow, for instance the inductance assembly or the 

heatsink. However, it can be clearly seen that a different 

choice of ambient gas has a significant impact on the loss 

power. In comparison with ball bearing reaction wheels, 

gas bearing reaction wheels have comparable drag torque 

characteristics when operated in helium. Kirsch et al. [14] 

reports a maximum loss torque of 0.035 Nm at 4000 rpm 

for the 40Nms reaction wheel used on the XMM-Newton 

spacecraft. 

 
Figure 13 - Comparison of loss power characteristics 

with a conventional ball bearing reaction wheel. 

The simulation additionally yields information of the 

turbulent gas flow as shown in Fig. 14 and provides 

insight how to optimize the flywheel and housing to 

reduce aerodynamic losses. Since drag increases 

disproportionally with velocity, the vast majority of 

losses occur close to the rotor circumference. 

 

 
Figure 14 - Simulated turbulent flow direction and 

velocity at 6000 rpm in helium. 

 

EVALUATION 

The prototype tests conducted at ESTEC demonstrated 

that it is feasible to operate a reaction wheel running on 

gas bearings up to a speed of 6000 rpm, corresponding to 

an angular momentum of 24 Nms. For reference, the 

ESA Science mission BepiColombo used conventional 

reaction wheels of a similar size  [15]. The bearings and 

pump system provided sufficient lift to withstand both 

the static and operational loads using both air and helium 

as a working fluid. What is particularly encouraging are 

the excellent ratios of force-to-power and rotor-to-pump 

mass. The load capability required for larger wheels will 

only require a minor increase in power and mass. 

 

Aerodynamic drag is an area of concern. The observed 

loss torque when operated in air clearly exceeds the 

power consumption of comparable conventional reaction 

wheels. However when operated in helium at 100 kPa the 

loss power is already at a compatible level of 40 W. For 

reference, the power consumption of the BepiColombo 

wheels is 29 W at steady-state full-speed [18]. A further 

reduction is likely feasible when reducing the ambient 

pressure by a certain percentage. In a further 

development the sweet spot between low drag and 

sufficient pump inlet pressure needs to be found. Sealing 

the housing to minimize leak rates is a technical 

challenge – especially when using helium. However it 

appears to be feasible acknowledging that extremely leak 

tight hard-disc-drives operating in helium are already 

state-of-the-art and produced in the millions [16].  

 

The microvibration levels described above appear 

promising. But how do they compare to the 

microvibration signature of commercial wheels? The 

noise emissions of conventional ball bearing reaction 

wheels are dominated by bearing imperfections which 



 

interact with structural modes of the wheel. This is 

described in numerous publications. For instance, a 

BepiColombo type reaction wheel produces vibration 

exceeding 20 N in each direction [17]. This is a factor of 

40 higher than the peak observed during prototype testing 

of the gas bearing. At medium to low speeds the 

difference is close to a factor of 100. 

 

On top of that it can be seen that the gas bearing even 

outperforms the active magnetic bearing technology 

when it comes to microvibration. Heimel et al. [8] 

presents microvibration measurements of a 5-axes 

actively controlled MBRW. Fig. 15 and 16 show plots of 

the data presented in [8] superimposed with the 

measurements of the gas bearing prototype at ESTEC. 

The plots indicate that the gas bearing emits 2-3 times 

less microvibration over the entire speed range. It has to 

be acknowledged though that the tested MBRW with an 

angular momentum of 65.5 Nms is significantly larger. 

We also point out that there might be differences in the 

test conditions or data evaluation which could alter the 

results slightly; Heimel for instance mentions a vacuum 

bell on top of the facility as a disturbing factor. 
 

 
Figure 15: RMS force over speed in radial direction of 

a gas and active magnetic bearing reaction wheel. [8] 
 

 
Figure 16: RMS force over speed in axial direction of a 

gas and active magnetic bearing reaction wheel. [8] 

CONCLUSIONS 

We presented a new reaction wheel concept based on gas 

bearings and ultrasonic resonant gas pumps. To evaluate 

the feasibility of the concept, we built a full-sized 

prototype. It confirmed that a small number of coin-sized, 

low-power pumps can create sufficient gas pressure to 

separate rotor from stator, even in presence of unbalance 

and gravity. We also confirmed that the pumps are 

practically noiseless. 

Microvibration tests revealed superior performance 

compared to conventional ball bearing reaction wheels, 

and performed even slightly better than MBRWs. 

Identified problem areas are the limited pump lifetime, 

the high drag torque, especially in air, and the hermeticity 

of the casing. 

We believe that all of these problems can be overcome 

with further investigation. The European Space Agency 

will continue their research and development effort in the 

field. 
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