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Abstract

1 INTRODUCTION
The Fermilab Permanent Magnet Magnetizer System was
developed to produce saturated permanent magnet bricks to
be used inthe construction of permanent magnet
assemblies for the 8 GeV Lirendthe RecyclerRing for
he Main Injector Project. The new systeaplaces an

The Recycler antiproton storage ring and the 8 Ge&m
transferline betweenthe FermilabBoosterandthe Main
Injector are constructedsing permanent magneferrite
bricks surrounding a steel padadhoused inside a steel
flux return shell. The transfer line consists of 51 dipole

67 gradientmagnets,and 8 quadrupoles. The Recycler - ;
. . . . existing manual system for the saturation and
ring consists of approximately 35ffadientmagnets and .
. . measurement of YBM-2b Permanent Magnet Bricks.
60 quadrupoles. Thesenagnet assembliesre being . : :
. : There are severaizes of brickaused inthe construction
produced at Fermilab currently and as a part oftdloding . W o An o A
. : : of the magnet assemblies, namely 4" x 6" x 1", 3" x 4" x
required toproducethese assemblies we hadesigned, ., .o " : ) :
! . . and 2" x 6" x 1". Thenagnetizersystem isdesigned
built and put into production an automated permanen N
o . o shuttle an unsaturated permanent magnet brick into the
magnet magnetization system. The systieicludes a . . : ;
conventionalB-2 tvpe dipole. a Proarammable Loaic aperture of aconventional dipoleenergizethe dipole,
yp po’e, 9 9€ saturate the brick, shuttle the brick to aasurement

Controller (PLC) controlled brick mover, hall-probe :

. : fixture, and recordthe field measurement. The system
measuremenstation and an IBMCompatible P.C. for : :
data acquisition. The system has beesed in the also provides operatofeedback tosort acceptable bricks

) from those which lie outside theequiredfield strength

Fsembleseach requiing Severahincred ndvival 2195 The Femlab Pemanent Magnesgheizer
q 9 System was put into operation on July, 30th 1996 and

permanenmagnets. Thipaper describeandillustrates has been useful in magnetizing all the bricks used in the 8

theed;s::gg Aogszla:i??]attﬁ?ﬁsetseim’ (;Tgi aéiagﬂgfézo\r/]v’e GeV Transfer Line which operated successfully at
Y gm P Fermilab on February 20th, 1997.

have had using this production system.

FIGURE 1. MAGNETIZATION SYSTEM AT FERMILAB

" Operated by Universities Research Association, Inc. under contract with the U.S. Department of Energy

0-7803-4376-X/98/$10.00 O 1998 IEEE 3266



an aluminumcarriagerunning on aluminum rails. The

2 THE CONTROL SYSTEM carriagecontains the permanent magnet brakd has a
The automatic control of the mechanismaizomplished sliding cover which captures the brick in its entirety. The
using a GE-Fanuc Series 90-30 programmable |ngé/cle starts with the brickholder carriage aits home
controller (PLC). The system also has a Person@pPsition where a brick ifoadedinto the carriage and the
computer fordatalogging. Wehave used an IBM 386 COVer closed. After the cover is closduk operatorhits
clone in this case. The PLC has an AS@ASIC thecyclestart buttonsand the carriagebegins totravel
module which runs a small basic language program {Bt© the dipole aperture. The carriage moves at a high rate
supply the Hall probe readings to the PLC registers. T speeduntil it hits a downslopeswitch which sets a
PC runs a program written in MS-Quidgasic which 0wer speed and slows tiearriage down to goft stop at
communicates with the registers of the PLCréad and the end oftravel micro switch. The conventiondipole
record the currertiall probe measurements. The PC halS energized automatically and the brick is saturated. After
several programs written in MS-BASIC which run the? short time, thecarriage is driven tdhe measurement
machine in automatiamode for saturation, automatic [Xturé where a Hall probe measures ftetd strength and
mode for measuremenonly and a small program to this data is sent to the PLC.' The data is tlhgged to a
toggle the PLC run states. The small program to toggfeC from the PLC, thecarriagereturns to the home
the PLC from Stop/OutputsDisabled mode to POSition using the same higspeed-low speed method
Run/Outputs Enabled is used if the PLC shut down on &§€d atthe dipole position where the operator then
interlock violation. A conceptualrawing ofthe control unloadsthe saturatedbrick and inserts anunsaturated

system follows as figure 2. brick. And the cycle begins again. Theurrentcycle
time excluding brick handlingime is 13 seconds per
3 THE MECHANISM brick.

The brick shuttle mechanism includes a Hadfsepower
DC motor which drives a timing belt to which @tached
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FIGURE 2. MAGNETIZATION CONTROL SYSTEM CONCEPTUAL LAYOUT
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error due to positional inaccuracies.Finite element

4 MAGNETIC MEASUREMENTS analysis was also used to verify that the magnitude of the
Finite Element Analysis (Ansys) wasnployed toaid in magnet!c.flux density measurement Was.reasonable. The
the design of the measurement fixture. The flux return fgPagneticinductancewas found by analysis to be 813
the measurement fixture wasadeout of conventional 92uss and the average measured at the Fermilab production
Main Injector ring dipole lamination steel. The steel wafacility was 786 gauss which is within 3.5%.
plentiful at Fermilaband its magnetic propertiesvere
well understood. The original polepiece forthe fixture 5 FUTURE DIRECTION
was a laminated design which wdiscovered tohave a This system works well and was used in the production of
positional sensitivity of 20 gausger inch of carriage the saturated permanembagnet bricks for use in the 8
travel due tothe fact that air betweenlamination layers GeV line permanent magnet assembliethese magnet
has theeffect of bunching the flux in thecenter of the assemblies were produced at the rate of 2 magnets per day
fixture and no haragstopsare employed tostop thebrick  and requirecabout 200 brickgper magnet. Fermilab is
holder carriage precisely at the measurement fixture. Tlarrently designing a higher capacity production system
measurement fixture pole pieeasreplacedwith a solid which is basedupon this design without measurement
steel pole which distributed the flux more uniformly butcapability for theRecyclerRing bricks. Thecarriage in
also had the effect of lowering the magnitude of the this particular versiorwill be designed to carry dricks
averagemagnetic flux density measurement from 920nto the dipole aperture. The new systensdheduled to
gauss to 813 gauss. The position sensitivity vilemh  be completed in July of 1997.
20 gausgerinch to 2.5 gausperinch or less than 1%
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