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ABSTRACT 
Within this work a new active magnetic bearing 
(AMB)-system offering supreme reliability is presented. 
It provides bearing capacity even in case of a defect 
within any sub-assembly over the whole operating time. 
Each AMB consists of completely decoupled electro-
magnet (EM)-channels configured in hot redundancy, 
comprising a singular EM, controlled and driven by a 
decentralized hot-swap controller amplifier module 
(HCA) and one displacement sensor. Each HCA is 
responsible for controlling the position of the structure 
towards its dedicated EM and comprises a digital 
controller, a switching amplifier, local power supplies, 
and a local error detection unit.  
All functional EM-channels contribute to support the 
structure. On occurrence of an error within a certain 
EM-channel this error is detected by the local error 
detection unit and the defective EM-channel auto-
matically shuts down. The adjacent redundant EM-
channels take over the bearing functionality and the 
defective sub-assembly can be replaced during system 
operation (hot-swap) without degrading system 
performance.  
This paper gives detailed information on the AMB 
functionality and the HCA design. 
 
INTRODUCTION 
Despite many advantages compared to conventional 
roller or journal bearings some drawbacks compared 
with conventional bearings limit the widespread 
application of active magnetic bearings (AMB).  

One of the major drawbacks of AMB, besides a lower 
specific load capacity, is the higher risk of a breakdown 
compared to conventional bearings caused by a rather 
large number of sub-assemblies needed (controller, 
power amplifiers, magnetic actuator, sensors, signal 
conditioning electronics, power supply, intercom-
nections, etc.). In a worst case scenario, the failure of 
one single component of an AMB may cause the 
complete loss of the bearing load capacity.  
The danger of an unpredictable machine break down 
caused by an AMB-failure is one of the major reasons 
that AMB-technology is not sufficiently accepted so far 
by industry for many practical applications. One field of 
application includes all systems, where AMB failures 
directly affect human life as e.g. in aircraft industry. By 
eliminating turbine bearing lubrication a further step to 
an all electric aircraft could be realized.  
Other fields of applications are industrial processes, 
where AMB failures result in large financial losses. 
Typical examples are petrol, textile and paper industry 
which require extremely high reliability for their plants. 
Even a short shutdown may cause high costs because of 
loss of production and expensive start up procedures of 
the plant, including synchronization along the whole 
production line. 
Therefore, a broad industrial acceptance of AMB-
technology is very strongly associated with high ope-
rational reliability and safety.  
Concepts for increasing the reliability of AMB-systems, 
known from literature, are based on a more or less 
multiple redundancy of AMB sub-assemblies.  
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FIGURE 1: Block diagram of an active magnetic bearing system with supreme reliability. 

 
 

Concepts with centralized control as in [1] to [6], use 
redundancy of certain sub-assemblies (sensors, analog-
digital converter (ADC), controller, digital-analog 
converter (DAC), amplifiers), which are coupled into 
signal flow when fully operational.  
In [7] and similar in [8] it is confirmed, that failure 
detection switchover schemes are crucial, and the 
increase in the number of components actually 
counteracts overall reliability. Furthermore, in [9] it is 
stated that in terms of reliability, a full multivariable 
controller could have the effect that a breakdown in a 
single unit, no matter how minor to the system, could 
have a plant-wide consequence.  
Also failure detection based on majority decisions only 
results in wrong decisions, if more than half of the sub-
assemblies show wrong results. So, even a single failure 
in one of the components listed below could 
nevertheless cause a total loss of bearing functionality1: 

 Global voters, detecting which components are 
functional and therefore should be coupled into 
signal flow or start a reconfiguration process on 
occurrence of an error, 
 coupling elements, which couple functioning modu-
les into the signal flow or decouple faulty modules 
from the signal flow, 
 communication links, including checksum gene-
ration circuits and bit error cancellation circuits, 
 synchronization electronics (global system-clock, 
control buses, etc.). 

                                                           
1 See [10] for an in depth literature analysis. 

Problems of decentralized control concepts presented 
e.g. in [11] include centralized position measurement 
and the lack of an error detection, so a single failure 
within sensors, cabling, connectors or electronics could 
nevertheless yield a total loss of bearing functionality. 
 
SYSTEM OVERVIEW 
The principle configuration of the new AMB concept, 
offering supreme reliability of the whole AMB-system 
over the whole operating time and the perpetuation of 
bearing capacity, even in case of a defect within any 
sub-assembly, is shown in Figure 1.  
Each AMB consists of completely decoupled electro-
magnet (EM)-channels configured in hot redundancy, 
comprising a singular EM, controlled and driven by a 
decentralized hot-swap controller amplifier module 
(HCA) and one displacement sensor (eddy current 
sensor).  
Each HCA is responsible for controlling the position of 
the structure towards its dedicated EM and comprises a 
digital controller, a switching amplifier, local power 
supplies, and a local error detection unit.  
All functional EM-channels contribute to support the 
structure. If the air gap of an EM increases, the current 
through this EM is increased, so that the structure 
recovers reference position. 
On occurrence of an error within a certain EM-channel 
the local error detection unit detects that error, and the 
defective EM-channel automatically shuts down. The 
adjacent redundant EM-channels take over the bearing 
functionality without the need for a re-assignment of 
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module functionalities, control parameters or signal re-
routing. 
An uninterrupted operation of all functional EM-
channels is assured by a complete decoupling and by 
waiving any communication between the EM-channels. 
The intended supreme reliability throughout the whole 
operating time is assured by the possibility to replace 
the HCA, cabling, etc. during operation of the system 
(hot-swap) without degrading system performance.  
The necessary communication with a remote unit is 
reduced to a minimum. Start up and soft shut down of 
the AMB as well as bearing data visualization (rotor 
position, applied force, etc.), which can be used for 
machine diagnosis (see [12], e.g.), is transmitted by two 
galvanically isolated serial communication links per 
HCA, validated by a secure protocol. This guarantees 
full bearing functionality even in case of HCA faults or 
failures within the remote unit. 
The new concept is a logical next step from the AMB-
system presented in [13] comprising a reliable switching 
amplifier (RSA) [14] – [17] with hot-swap amplifier 
half-bridges and a local voter to a complete hot-swap 
AMB-assembly for supreme reliability. Depending on 
the desired reliability and requirements on achievable 
force and physical dimensions the number of EM-
channels can be chosen optimally.  
In order to make sure, that in case of a failure the 
functional EM-channels are capable of supplying the 
specified bearing capacity, a certain over-dimensioning 
of the magnetic actuator is required. However, large 
machines with high force requirements typically 
comprise magnetic actuators with a large number of 
poles, which leads to a reduced proportional over-
dimensioning. A further advantage during normal 
operation is the reduced electrical and thermal stress on 
the AMB-components, which further increases 
operational reliability of the system.  

By choosing the number of redundant EM-channels this 
new concept is an economic solution for applications 
with reduced requirements on the reliability and safety, 
as well.  
In Table 1 a comparison between the best AMB-
concepts for high reliability presented in literature and 
the new AMB-system with supreme reliability is shown. 
With an increasing number of EM-channels, the load 
capacity of the new system reaches that of best AMB-
concepts for high reliability presented in literature, 
whereas their centralization allows more complex and 
therefore better control algorithms. However, 
component faults might result in a complete system 
breakdown, whereas the new AMB-concept with 
supreme reliability will continue operation. 
 
HOT SWAP CONTROLLER AMPLIFIER 
MODULE (HCA) 
In Figure 2 a block diagram of an HCA is shown. The 
design avoids any single point of failure and basically 
consists of the previously mentioned functional blocks: 

1. Controller and error detection (CED). 
2. Switching amplifier (drives the dedicated EM). 
3. Power supply. 

 
Controller and error detection (CED) 
The controller and error detection comprises two totally 
independent working digital signal controller boards 
(DSB). Each DSB has its own independent power 
supply and is galvanically isolated from the second DSB 
as well as the power circuitry (high power supply and 
switching amplifier). A DSB comprises a digital signal 
controller (DSC) – a digital signal processor with 
additional components and interfaces included on a chip 
(such as ADC, pulse-width modulators (PWM), RS232 
and high speed serial interfaces as well as timers and 
counters, etc.). 
 

 

 
TABLE 1: Comparison between the best AMB-concepts for high reliability 

presented in literature and the AMB with supreme reliability. 
 

Best AMB-concepts for high reliability 
presented in literature AMB with supreme reliability  

normal operation component fault normal operation component fault 
Load capacity best best – malfunction* high** high 
Control performance best best – malfunction* high – medium high – medium 
Controller complexity high medium 
Electronics complexity very high high 
Initial costs very high high*** 
Reliability / safety high – malfunction* best 

  * depending on type of  fault   ** with increasing number of EMs up to MRAMB   *** can be optimized economically 
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FIGURE 2: HCA block diagram
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Previously mentioned galvanically isolated communi-
cation with a remote unit is carried out via the RS232 
interface of DSC1. For detection of communication 
errors, DSC2 listens to the bus and reads both, sent data 
from DSC1 and from the remote unit. Wrong data sent 
by DSC1 is followed by a deactivation of the 
communication by DSC2, which signalizes the remote 
unit a faulty HCA. 
Additionally, a high speed serial communication 
interface with galvanic isolation via optocouplers 
between the two DSC is implemented. This is required 
for data, system status and control parameter exchange 
between the DSC. For highest reliability, hard- and 
software of the DCB should differ from each other 
(hardware and code diversity), ideally designed by 
different design groups. 
The functionality of DSC1 includes: 

 PID position controller with underlying proportional 
current controller and noise shaper2, 
 control of the switching amplifier, 
 self-sensing, 
 error detection of DSC2, 
 deactivation of EM-channel. 

The functionality of DSC2 includes: 
 Error detection of: 
o switching amplifier,  
o high power supply, 
o DSC1, 
o communication with the remote unit, 

 deactivation of EM-channel. 
 
Switching amplifier 
Since for AMB (not for hybrid magnetic bearings) only 
one current direction is sufficient, a two quadrant 
switching amplifier circuit is used. Unlike the standard 
circuit with one active switching element (transistor) 
and one passive switching element (free-wheeling 
diode) per half-bridge side, two switching transistors in 
series and two free-wheeling diodes in parallel are 
implemented. This special circuit topology allows a 
complete functional test of all components during 
system operation as well as a safe deactivation of the 
amplifier even in case of a component error, e.g. short 
circuit or high impedance state within a power 
semiconductor. Additionally, using a special PWM 
scheme for transistor control a reduction of the effective 
switching frequency for each transistor is gained, 
resulting in reduced heating of the transistors and 
therefore a higher mean time to failure (MTTF). 
Control of the switching amplifier is done via opto-
gatedrivers – drivers with optocouplers and outputs with 
high current drive capability. The gate-driver´s second-
                                                           
2 A noise shaper is implemented to improve output 
signal quality of the switching amplifier in conjunction 
with a special pulse-width-modulation scheme. Simu-
lation results in [18] show a significant reduction of 
noise and higher harmonics. 

dary sides are supplied by DC/DC-converters.  
All current sensors (for EM-current, transistor- and free-
wheeling diode currents) are closed loop hall effect sen-
sors using the flux-compensation principle. Voltages are 
measured galvanically isolated via isolation amplifiers. 
 
Power Supply 
The power supply is divided into a high power supply 
for the switching amplifier and galvanically isolated low 
power supplies for the two DSB. 
DC link voltage for the switching amplifier is generated 
via direct full-wave rectification of the three-phase 
mains supply. Beneath a smoothing inductor for reduc-
tion of inrush current from the mains during regular 
operation, a soft-start circuit for limiting the inrush cur-
rent from the mains during start-up and a series-parallel 
arrangement of electrolytic capacitors is implemented. 
All voltages for the DSB are generated via transformers 
(400VAC to 230VAC conversion), followed by line 
filtering and AC/DC-converters. 
 
AMB FUNCTIONALITY 
 

System start-up 
1. Switch on of all HCA via local power switches. 
2. Both DSC of each HCA start up and perform a first 

self- and cross-check. 
3. After a positive first test a soft-start of the high 

power supply is initiated. 
4. Check of all switching amplifier voltages. 
5. After a positive voltage test: waiting for “levi-

tation”-command from the remote unit. 
6. Soft-start of the switching amplifier with slow 

increase of EM-current to the value given by the 
digital controller. 

7. AMB is fully functional. 
Generally a negative test results in deactivation of the 
EM-channel via the HCA. 
 
Error detection 
The complete EM-channel is checked including all 
functional blocks of the HCA during operation: 

 DSC (hard- and software),  
 signal conditioning electronics,  
 switching amplifier,  
 watchdog circuit, 
 power supplies, 
 interconnections, 
 EM, etc. 

For error detection significant signals of each functional 
block have to be checked, such that a correct 
functionality of the EM-channel can be guaranteed. On 
detection of an error the HCA disconnects from the EM, 
informs the remote unit about the supposed source of 
error, sets a failure flag in a nonvolatile memory and 
shuts down the EM-channel. The failure memory 
prevents an activation of a defective EM-channel. 
Since the error detection functionality is divided into 
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two physically separated devices (DSB1 and DSB2) 
using a cross-check between these devices allows a 
complete functional test of the EM-channel.  
For detection of displacement sensor/cabling/connector 
faults self-sensing is used.  
The error detection of the switching amplifier is based 
on the approved method as used for the local voter of 
the RSA [15]. Transistor and diode currents are 
compared with reference signals calculated based on the 
actual EM-current and the switching states of the power 
semiconductors.  
As the power for the switching amplifier current sensors 
is supplied by DSB1 and the check is performed by 
DSC2 and the power for the EM-current sensor is 
supplied by DSB2 and the check is performed by DSC1 
the comparison of the results allows to detect errors 
within the signal conditioning electronics, ADC, etc. of 
the DSB, as well. 
High power supply functionality is checked by 
measuring DC link voltage with DSB1 and comparison 
with capacitor voltages measured with DSB2. 
The DSB power supplies are checked by the cross-
check between the DSB. 
Depending on the error type the EM-channel is switched 
off after one or several occurrences of the error, which 
will ensure a high robustness against e.g. electro-
magnetic disturbances and therefore incorrect detection 
of errors. 
 
Sequence of events in case of errors within an EM-
channel 

1. Recognition of the error within the EM-channel via 
local HCA error detection. 

2. Deactivation sequence of the defective EM-channel. 
3. Supported structure begins to change its position 

and velocity due to the reduced number of active 
EM-channels. 

4. Recognition of position and velocity-change of the 
levitated structure by all functional EM-channels 
via their local distance sensors3. 

5. Reaction by the digital controllers within each EM-
channel to correct the position of the levitated 
structure. 

6. Hot-swap of the defective sub-assemblies of the 
defective EM-channel. 

7. Soft start of the new EM-channel/HCA. 
8. Operation with supreme reliability is restored. 

                                                           
3 Simulation results in [19] show that after one EM-
channel out of six fails, even during application of 
heavy disturbance forces a maximum rotor deviation at 
the AMB-position of about 40μm can be observed, 
which is completely compensated within 10ms. 

EM-channel deactivation 
Within all functional blocks independent deactivation 
means for the EM-channel are implemented: 

 High power supply: 
o Manual HCA power switch, 
o mains fuses, 
o opto-relay, 
o soft-start-transistor (if only a very small current 

can be drawn from the mains supply in the off-
state, resulting in DC link voltage of the switching 
amplifier near zero volt). 

 CED power supply: 
o Watchdog switches off the DSB on occurrence of 

an error. 
 Switching amplifier: 
o Switching transistors (tested during operation). 
 DSB: 
o Deactivation of the switching amplifier possible by 

both DSB. 
The different principles of operation have been chosen 
to ensure a safe decoupling even in case of severe EM-
channel faults. 
 
CONCLUSIONS AND OUTLOOK 
This work describes an active magnetic bearing (AMB)-
system offering supreme reliability over the whole 
operation time and the perpetuation of the bearing 
capacity even in case of a defect within any sub-
assembly. 
Within this paper advantages and drawbacks of reliable 
systems presented in literature were investigated and 
compared to the new AMB-system with supreme 
reliability. A hot swap controller amplifier module 
(HCA) is described and details on the system 
functionality during startup, errors within an EM-
channel, deactivation of sub-assemblies and the hot-
swap are given. 
To analyze the behaviour of this new active magnetic 
bearing-system at normal working conditions, when 
disturbance forces occur, during EM-channel failures 
and during the hot-swap of an HCA, an AMB rotor test-
rig is currently under construction. It comprises a rotor 
driven by an electric motor. One rotor side is supported 
by an AMB with supreme reliability, the other side by a 
conventional bearing.  
 
ACKNOWLEDGMENT 
The authors gratefully acknowledge the support of this 
project by the Austrian Science Fund “Fonds zur För-
derung der wissenschaftlichen Forschung (FWF)” and 
by the city of Vienna “Hochschuljubiläumsstiftung der 
Stadt Wien”. 

－272－



 

REFERENCES 
1. Fedigan, S. J., Wiliams, R. D., Shen, F., and Ross, R. 
A., Design and implementation of a fault tolerant 
magnetic bearings controller, Proc. of Fifth International 
Symposium on Magnetic Bearings, Kanazawa, Japan, 
Aug. 1996. 
 
2. Field, R. J., and Iannello, V., A reliable magnetic 
bearing system for turbomachinery, Proc. of Sixth 
International Symposium on Magnetic Bearings, 
Cambridge, Massachusetts, USA, Aug. 1998. 
 
3. Lyons, J. P., Preston, M. A., Gurumoorthy, R., and 
Szczesny, P. M., Design and control of a fault-tolerant 
active magnetic bearing system for aircraft engines, 
Proc. of Fourth International Symposium on Magnetic 
Bearings, Zurich, Switzerland, Aug. 1994.  
 
4. Maslen, E. H., Sortore, C. K., Gillies, G. T., et al., A 
Fault tolerant magnetic bearing system, Proc. of MAG 
’97 - Industrial Conference and Exhibition on Magnetic 
Bearings, Alexandria, Virginia, Aug. 21-22 1997.  
 
5. Joo Na, U., and Palazzolo, A., Optimized realization 
of fault-tolerant heteropolar magnetic bearings, Journal 
of vibration and acoustics, 122:209–221, Jul. 2000. 
 
6. Schroder, A., Chipperfield, J., Fleming, P. J., and 
Grum, N., Fault P. tolerant control of active magnetic 
bearings, Proc. of ISIE '98 - International Symposium 
on Industrial Electronics, IEEE, 1998. 
 
7. Schweitzer, G., Safety and Reliability Aspects for 
Active Magnetic Bearing Applications - A Survey, 
Proc. of the I MECH E Part I Journal of Systems & 
Control Engineering, Volume 219, No. 6, 2005. 
 
8. Soeffker, D., Kashi, K., and Wolters, K., Konzept 
zum Entwurf ausfallsicherer mechatronischer Systeme, 
atp, 47:90–94, Jul. 2005 (in german). 
 
9. Stoustrup, J. and Niemann, H. H., Near optimal 
decentralized H∞ control: bounded vs. unbounded 
controller orders, Proc. of American Control 
Conference, Jun. 4-6, 1997. 
 
10. Schulz, A., Neumann, M., and Wassermann, J., A 
Sophisticated Concept for Supreme AMB Reliability, to 
be published: Proc. of MOVIC 2008 - The 9th 
International Conference on Motion and Vibration 
Control, Sep. 15-18, 2008. 

11. Chen, H. M., A self-healing magnetic bearing, Proc. 
of Fifth International Symposium on Magnetic 
Suspension Technology, Santa Barbara, California, 
USA, Dec. 1-3 1999.  
 
12. Nordmann, R., and Aenis, M., Fault diagnosis in a 
centrifugal pump using active magnetic bearings, 
International Journal of Rotating Machinery, 10(3):183–
191, 2004. 
 
13. Wassermann, J., Schulz, A., and Schneeberger, M., 
Active magnetic bearings of high reliability, Proc. of 
ICIT ’03 – International Conference on Industrial 
Technology, IEEE, Maribor, Slovenia, Dec. 10-12 2003. 
 
14. Schulz, A., Wassermann, J., and Schneeberger M., 
A reliable switching amplifier for active magnetic 
bearings, Proc. of ICIT ’03 - International Conference 
on Industrial Technology, IEEE, Maribor, Slovenia, 
Dec. 10-12 2003. 
 
15. Schulz, A., Wassermann, J., and Schneeberger M., 
A reliable switching amplifier for active magnetic 
bearings - error detection strategies and measurement 
results, Proc. of ICIT ’04 - International Conference on 
Industrial Technology, IEEE, Hammamet, Tunisia, Dec. 
8-10 2004.  
 
16. Schulz, A., Schneeberger, M., and Wassermann, J., 
A reliable switching amplifier driving an active 
magnetic bearing - experimental results, Proc. of ICIT 
2005 - International Conference on Industrial Techno-
logy, IEEE, Hong Kong, Dec. 14 - 17 2005. 
 
17. Schulz, A., Schneeberger, M., and Wassermann, J., 
Reliability Analysis of Switching Amplifier Concepts 
for Active Magnetic Bearings, Proc. of ICIT 2006 - 
International Conference on Industrial Technology, 
IEEE, Mumbai, India; Dec. 15-17 2006. 
 
18. Schulz, A., Neumann, M. and Wassermann, J., 
Modeling and Simulation of a Hot-Swap Controller 
Amplifier Module for an Active Magnetic Bearing with 
Supreme Reliability, Proc. of Electrimacs 2008, Que-
bec, Canada, Jun. 8-11 2008. 
 
19. Schulz, A., Gamez Sangra, A., Neumann, M. and 
Wassermann, J., Modeling and Simulation of a 
Sophisticated Active Magnetic Bearing System with 
Supreme Reliability, to be published: Proc. of X. 
International Conference on the Theory of Machines 
and Mechanisms, Liberec, Czech Rep., Sep. 2-4 2008. 

－273－



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Text35: 11th International Symposium on Magnetic Bearings
	Text36: August 26-29, Nara, Japan


