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Outline

- Magnetic bearing choppers “System Juelich” worldwide
- The passive magnetic bearing

- In-house manufacturing

- Limitations of the rotor speed

- Modular digital control electronic

- Operation experience

- Electronic upgrade program
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Magnetic bearing choppers “System
Juelich” operating worldwide

Illinois, USA
BioCARS Jiilich, Deutschland
APS | Advanced Photon Factory, SV29
ANL | Argonne National Laboratory Forschungszentrum Jiilich \
ChemMatCars
ANL | Argonne National Laboratory
XSD-IXN Chilton, GroBbritannien
ANL | Argonne National Laboratory
HET .
MARI __—
Merlin_
MAPS

ISIS | Rutherford Appleton Laboratory
Gaithersburg, USA
DCS
NIST | National Institute of Standards and Technology

SANS-NH3

NIST | National Institute of Standards and Technology,
Centre for Neutron Research

Oak Ridge, USA
NSE
SNS | Spallation Neutron Source

Over 20 years of operation experience

September 24, 2014

Berlin, Deutschland

1.25 MHz Light Chopper
NEAT

/ BioRef

/' /ESS Testbeamline

“ NEAT 2

HZB| Helmholtz-Zentrum Berlin

Jena, Deutschland

XXX Garching, Deutschland

\\\IN 6
\\\D7

XXX| Universitat Jeri KWS 1
o ———— ~ __ KWS2
___TOPAS
~—_ Saphir
Villigen, Schweiz J — POWTEX
MARS Spheres
PSI| Paul Scherrer Institut NMI
FRM II]
Grenoble, Frankreich Forschungsneutronenquelle, JCNS
IN5
\ \BRIP
ILL | Institut Laue-Langevin
\ID09

ESRF | European Synchrotron Radiation Facility

ZEA-1 | Technology for Excellent Science
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Tsukuba, Japan

PF-AR

KEK

KEK|
Photon Factory
Advanced Ring

SPring-8| Riken Harima Institute
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The passive magnetic bearing

Typical disk chopper bearing arrangement

Active axial stabilisation
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Passive vs. active magnetic bearing

Pros
Very low power consumption during routine operation
(load carried by passive magnets)
Smaller size

Fewer controllers (radial passive -> only one axis controlled)
-> less expensive

No external cooling necessary (holds for most mag. bearings)

Touch down bearing doesn't carry the payload

September 24, 2014 ZEA-1 | Technology for Excellent Science 5
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Passive vs. active magnetic bearing

Cons

Less flexible. Bearing designed to the weight of the rotor.
No radial electrical damping (only passive damping possible)

Low bearing stiffness

-> \We will investigate more into “actively supported” passive bearings in the future

September 24, 2014 ZEA-1 | Technology for Excellent Science 6
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In-house manufacturing (mechanical / design)

Rotor FEM calculation Housing crash simulation Assembling

Magnetic bearing parts Housing and Rotors Balancing
Machining

Mitglied der Helmholtz-Gemeinschaft

September 24, 2014 ZEA-1 | Technology for Excellent Science 7



JULICH

FORSCHUNGSZENTRUM

Assembling Test and fine tuning
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High in-house manufacturing rate
(pros and cons)

Pros
High flexibility to “customer” requirements
Basically all interfaces possible
Long term support possible

Updates / Upgrades possible

Cons

Higher costs (no use of “mass production”)

September 24, 2014 ZEA-1 | Technology for Excellent Science
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Flexible design

N :

Customized absorber coatings
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Systems delivered / under
development and current “limits”

haft
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Limitations of the rotor speed

Diameter of the rotor

Disk material (CFK-> higher strength but no
“virtual” windows possible)

Depth of cut outs (highest stress in slot bottom)
Width / height of opening (for Fermi rotors)

Arrangement of windows (e.g. asymmetrical require
additional balancing weights -> point loads)

Requested non structural masses ('°B instead of Gd)

Design of magnetic bearing (sheathing of magnets)

September 24, 2014 ZEA-1 | Technology for Excellent Science
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Modular digital control electronics

- State of the art (floating point DSP)
* Digital control of magnetic bearing

*  Software-Controller (parameterization
by software)

- Error diagnosis and equipment
condition monitoring

- Remote maintenance
* Resolution of time signals 10ns

* Flexible design, e.g. one controller
per disk (ESS approach)

September 24, 2014
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Input-Cock Sync-lock MBINSS. | v on— e votage ok |12z Af14000 120000 1 of | J14.000 180,00
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oo Jusowo a2 bt Temp ok Comentok | OV [13]20 Drive [ Magnetic [ Reference
Last Message = Drve  Ouage || o START Bearing | Seeedttl
H No. | Report Matr-Gopper ‘@ r;:nu: eop 12,000
Interlocks i Operation =
T Al o | [ |[EE
Input Clock Sync-Clock MB Integ. x:o:“'d::w ul2: 28000 180000 2 < | |28.000 180,00
ot Pt | DAt T O ot “g: DiNeON  Phaseok | pm g | e
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Human Machine Interface (HMI) / PC
operate and observe
Controller
(DSP & FPGA)
signal processing,
controlling, timing
and monitoring
. . Sensor
Magnetic Drive System
Bearing y
_ » speed, position
Amplifier Amplifier current, temperature,
external error, etc.
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Modular digital control electronics

* Industry PCI sed modular systém

*  PC located remote / connected by
optical fibre

Mitglied der Helmholtz-Gemeinschaft
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Operation experience of new digital controller

m In Operation

SV29

NSE

BioRef

KWS 2

BRISP

BioRef upgrade
KWS 1
ESS-Testbeamline

September 24, 2014

= N w0

—_—

Fermi FZJ, Julich, Germany

Disk  SNS, Oak Ridge, USA

Disk  HZB, Berlin, Germany

Disk  FRM-2, Garching, Germany
Fermi ILL, Grenoble, France

Disk  HZB, Berlin, Germany

Disk  FRM-2, Garching, Germany
Disk  HZB, Berlin, Germany

ZEA-1 | Technology for Excellent Science

12/2004—-04/2006
since 08/2008
since 10/2009
since 10/2010
since 06/2011
since 12/2012
since 05/2013
since 07/2013
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Electronic upgrade program

Electronics will become obsolete: Typical life-cycle
of components in the order of less than 10 years.

Very long lifetime of the “mechanical” components.

v

Upgrade of older chopper systems using our new
digital controller increases system lifetime.

Update/upgrade can also implement
new / improved features

Planned upgrades:
ILL/INS: cascade of 6 disk choppers
ISIS: 3 Fermi choppers

September 24, 2014 ZEA-1 | Technology for Excellent Science
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