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Magnetic alloy cores for the HIRFL-CSRm compressor cavity
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Abstract Four types of magnetic alloy cores, labeled as V1, V2, Al and A2, were produced by Liyuan Corp. Ltd.,

for the radio frequency compression cavity of HIRFL-CSRm. In this work, their permeability, quality factor (Q value)

and shunt impedance were measured before installing them into the cavity. The results show that the V1, V2 and A2

have higher permeability and shunt impedance, and lower Q value, and are suitable to the radio frequency

compression cavity.
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1 Introduction

Heavy Ion Research Facility at Lanzhou (HIRFL)
provides high energy heavy ion beams after the heavy
ion cooler-storage-ring (HIRFL-CSR) operates. The
HIRFL-CSR, including a main ring (CSRm) and an
experimental ring (CSRe), can be used to conduct
high-energy density and plasma physics research. In
order that the
high-intensity current can be effectively deposited in

short-pulse heavy ion beam of
the experiment target, high accelerating voltage is
required to compress the longitudinal beam pulse!"’.
The radio frequency (RF) cavity with a
the high
accelerating Voltage[2] without the tuning loop, thus

magnetic alloy (MA) core provides

simplifying the RF control system in the compact
accelerators and running the cancer-therapy facility. So
the MA core characteristics decide the RF cavity
performance.

In this work, four types of MA cores, which are
labeled as V1, V2, Al and A2, and were produced by
Liyuan Corp. Ltd.,, were measured before their
installation. The results show that they are of higher
permeability, shunt impedance and lower quality factor
(Q value), and are pertinent to load RF compression

cavity.

2 Permeability of the MA cores

In order to provide high accelerating voltage without
complicated bias winding loop, and realize the
untuned RF cavity, the magnetic cores must have
lower Q value, higher permeability, uQf value, and
shunt impedance. To cover a wide frequency range[s],
an imaginary part of the MA core permeability for an
untuned RF cavity needs be larger than or equal to that
of the real part, namely O<1. The MA cores at the high
permeability can have large inductance, and reduce the
number of the cores loaded in RF cavity. The higher
1Qf value and shunt impedance can reduce the power
requirements.

The serial complex permeability of MA cores
is expressed by Eq.(1).

M= = (M
where s is the real part representing the reserved
energy during magnetization, and u'’s is the imaginary
part representing the dissipation energy. The Q value is
given by

Q = s 2

The parallel complex permeability of MA cores is
determined by
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Up = Uy 1G"), © = w'lity 3)

Egs.(1)~(3) can be simplified into Eq.(4),
which can be used for the serial and parallel

permeability” ).

Wy = (UQ*+ 1), w1y =(1+ Q) (4)
3 MA core measurements

Fig.1 shows a measurement scheme of the MA core
performance. The MA cores were wound by coil to
form an inductance, and a parallel resonant circuit was
formed after a capacitor (C) is parallelly connected to
the inductance. The resonant circuit was measured by
vector impedance meter. The resonant frequency (f;)
and shunt impedance (R ) can be read out directly from

the vector impedance meter.
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Fig.1 A scheme of the MA core measured.

The inductance (L) of the resonant circuit can
be calculated by Eq.(5),

L = 1/(4n*/y*C) (5)

The inductance for MA core is calculated by

— ﬂoﬂp [ln
2n n

L LER Y (6)

From Eqgs.(5) and (6), Eq.(7) can be obtained,
, 1
4l = - ()
2nu, £,’ClIn-21d
r

1

where 7, r,, and d are respectively inner radius, outer
radius, and thickness of the MA core, yy = 4n x107
H'm ' is the vacuum permeability, and up' is its real
part of the parallel complex permeability.

The @ value for the parallel circuit is
calculated by

O =2xf,RC (8)

The uy' and p'" are calculated by Egs.(2) and
(4), and the resonant frequency dependent on the
permeability is obtained by changing the C value!®.

4 Results and Discussion

The V1, V2, Al, and A2 are all of Fe-based
nanocrystalline and tape-wound cores. Except for the
difference of the insulation layer between MA ribbons,
the V1 and V2 are 65 mm in outer radius, 35 mm in
inner radius and 30 mm thick, and the Aland A2 are of
65-mm outer radius, 35-mm inner radius, and 25 mm
thick. One coil was wound on the MA core during the
measurement. Fig.2 shows that the R magnitude and
phase of MA core at 1.0 MHz vary with the frequency
in the range of 0.8 to 1.2 MHz.

The results show that the R is about 70 Q for
V1, 76.3 Q for V2, about 26 Q for Al, and 41 Q for
A2; and corresponding phase is 11.1° to —11.1° for V1,
12.3° to —12.5° for V2, 7° to —5.9° for Al, and 6.2° to
—7.1° for A2, indicating that the small R changes are
good for an untuned RF cavity.
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Fig.2 Dependence of R magnitude and phase on frequency.
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The frequency error, the Q value, u,'Of, us', and
shunt impedance of the cores were measured by
changing the capacitor. Fig.3 shows that the frequency
error measured by vector impedance meter is in the
range of +0.03 MHz, and is a main parameter
measured in the test system.

At 1.0 MHz in the range of 0.8 to 1.2 MHz, the
Q values of the VI, V2, Al and A2 are about 0.67,
0.78, 0.51 and 0.44, respectively, with slight variations
(Fig.4a). The u',Of values of the V1, V2, Al and A2
are, respectively, about 2980, 3260, 1120 and 1750
MHz with variations ranges of 2750-3150, 3000-3460,
1050-1150, and 1670-1820 MHz (Fig.4b). The
permeability values of V1, V2, Al and A2 decrease
with increasing operation frequency in the ranges of
1588-1190, 1806-1403, 536403, and 786—560 MHz,
respectively, indicating that the V2 has a higher
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permeability (Fig.4c). And the R values of V1, V2, Al
and A2 are in the ranges of 64.2-73.7, 70.3-81,
24.6-26.9, and 39— 42.6 Q, respectively (Fig.4d).
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Fig.3 Dependence of measure error on frequency.
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Fig.4 Dependence of Q value (a), 4',0f (b), i/'s (c) and R value (d) on frequency.
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Given that the characteristics of a single MA
core do not change when scaled up, its shunt R can be
calculated by its practical dimension, as shown in
Fig.5. Finally, we adopted the MA cores with 400 mm
outer radius, 170 mm inner radius, and 30 mm thick.
Fig.5 shows that V2 is the best to load RF cavity
among four kinds of material due to the highest shunt
R, and V1and V2 has shunt R higher than Aland A2.
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Fig.5 Dependence of R values on frequency.

By applying 50 kV accelerating voltage to the
MA cores, the power requirement can be calculated
when the loaded RF cavity was designed by the
fourteen cores[3], as shown in Fig.6. The V2, V1, A2,
and Al require 230, 250, 350, and 550 kW,
respectively, for 50-kV accelerating voltage in the
range of 0.8 to 1.2 MHz. Therefore, the V2 will be the
best for the low power requirement.
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Fig.6 Dependence of power on frequency.

The results show that the V2 performance is
the best during the four MA cores in this test system.
Briefly, the V and A with Fe-based nanocrystalline
tape-wound cores are processed by different
techniques, because the V raw cores is from German,
and the A tape material is from China. Second, the V
and A have the different insulation layer in MA
ribbons, the Al and V1 are SiO; of 1.0-um thickness
and silica gel to enhance insulation effect, and the A2
and V2 are just silica gel. Comparatively, the A1 and
V1 decrease the filling factor due to increasing
thickness, and affect the core performances. As a result,

the V2 and A2 have higher O value, u',0f, and R.

5 Conclusions

The V1, V2, Al and A2 for loading the RF cavity can
be used to get 50-kV accelerating voltage, and the V2
is the best because of the larger shunt R and the lower
power requirement. Also the A2 can be used only
when the V2 is more expensive.

References

1 Hiilsmann P, Hutter G, Vinzenz W. The bunch
compressor system for SIS18 at GSI. EPAC2004, Lucerne,
2004, 1165-1167.

2 Mori Y, Fujieda M, Koba K, et al. A New Type of RF
cavity for High Intensity Proton Synchrotron using High
Permeability Magnetic Alloy. EPAC98, Stockholm, June
1998.

3 Mei L R, Xu Z, Yuan Y J, et al. Chin phys C, 2010, 34:
1132-1135.

4 Ohmori C, Ezura E, Fujieda M, et al. High Field-Gradient
cavities loaded with Magnetic Alloys for Synchrotron.
PAC99, New York, April, 1999, 413-417.

5 Ohmoria C, Kanazawa M, Noda K, et al. Nucl Instrum
Meth Phys Res A, 2005, 547: 249-258.

6 Watanabe M, Chiba Y, Katayama T, et al. Nucl Instrum
Meth Phys Res A, 2004, 532: 503-507.

7 Saito K, Hirota J I, Noda F. Nucl Instrum Meth Phys Res
A, 1998, 402: 1-13.

8  XuZ, Wang C X. HPLPB, 2005, 17: 1431-1433.



	Magnetic alloy cores for the HIRFL-CSRm compressor cavity
	1 Introduction
	2 Permeability of the MA cores
	3 MA core measurements
	4 Results and Discussion
	5 Conclusions



<<
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


