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Abstract. We present the investigation results of vibration characteristics of miniature stirling 
electric coolers, which can be used for compact HPGe spectrometers for space applications. 
Comparative assessment between three Stirling cycle coolers – two Ricor model K508 coolers 
and one Thales model RM3 cooler were done.  In spite of the limited number of the coolers tested, 
the following conclusions can be made, that there are significant differences in the vibration 
characteristics between the various types of coolers and between coolers of the same type. To 
categorize the vibration characteristics of the coolers we carried out our tests by different methods 
in certified Vibroacoustic laboratory and BSI laboratory. The results obtained in our laboratory 
follow the same trends and give the same ranking as the test results obtained in the Vibroacoustic 
laboratory. 
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1. Introduction 

The appearance of miniature Stirling electric coolers on the market has provide the 
development of a wide spectrum of nuclear physics devices base on High Purity Germanium 
(HPGe) detectors with application of those coolers [1]. The equipment for the precise radionuclide 
analysis in nuclear energetic and environment monitoring, medicine and geology, scientific 
research and other tasks is available on the market already [2-4]. The main restraint problem at 
the development and production of precise gamma spectrometric devices with application of 
electric coolers is the presence of the mechanical vibrations and their substantial impact to the 
energy resolution of HPGe detectors. 

In MESENGER space project [5] electric cooler Ricor K508 [6] was used for cooling of HPGe 
detector. In work [7] we have demonstrated also the development results of the small-sized HPGe 
spectrometer for the space applications. At the power supply of 6.6 W on the electric cooler Ricor 
K508, cooled HPGe detector of N-type with registration efficiency of 38 %, the energy resolution 
of 2.9 keV and 4.0 keV by energy 122 and 1332 keV has been obtained, accordingly.  At the 
switched off cooler the energy resolution was 2.0 keV and 3.0 keV, accordingly. The test results 
also have shown the considerable impact of Ricor K508 vibrations on the characteristics of the 
developed spectrometer, however, the level of those vibrations we have evaluated integrally only 
by their impact to the energy resolution of the spectrometer. 

Recently the company Thales Cryogenics (France) has informed the development of one more 
type of the electric cooler RM3 which could be potentially applied for the creation of the small-
sized spectrometers for the space applications [8]. However, its vibration characteristics are not 
specified as well. The purpose of the present work is the comparative investigations of the 
vibration characteristics of the electric coolers Ricor K508 and Thales RM3 by the direct methods 
for the inner specifications of their vibration characteristics, definition of the limits in those 
characteristics spread and determination of possible organization of the input control for the 
vibration parameters of the electric coolers before their application in the devices for the space 
investigations. The tests were made on the electric coolers: Ricor K508, N1; Ricor K508, N2; 
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Thales RM3, N1. 

2. Investigation of the vibration characteristics 

The external view of the Thales RM3 and Ricor K508 miniature Stirling cycle coolers is shown 
in Fig. 1. Both the Ricor and Thales coolers are of similar size and weight and both have imbedded 
controllers. All coolers performance you can find in [6, 8]. 

 
Fig. 1. Photograph of the Thales RM3 and Ricor K508 miniature Stirling cycle coolers 

The investigation of the vibration characteristics of the coolers was made in the Vibroacoustic 
laboratory of the Diagnostics and Design Center in Riga [9], which is accredited by the Latvian 
National Accreditation Bureau (LATAK) [10]. Measurements were made with a Brüel&Kjær 
spectrum analyzer (model number 3560), operating in a three-dimension accelerometer mode. The 
orientation of axes relative to the electric cooler case, were as follows; X – perpendicular to the 
axes of cooler reels and cold finger; Y – along the cold finger axis; Z – along the cooler reel’s axis 
(see Fig. 1). The vibration acceleration dependence on frequency was measured as well as a 
summary value of the acceleration in each axis. The results are summarized in Table 1. 

Table 1. Vibration characteristics of the Stirling cycle coolers in three axes 
Acceleration 

in range 
RicorN1  
X (m/s2) 

Thales  
X (m/s2)

RicorN2 
X (m/s2)

RicorN1
Y (m/s2)

Thales 
Y (m/s2)

RicoN2 
Y (m/s2)

RicoN1 
Z (m/s2)

Thales 
Z (m/s2) 

RicorN2 
Z (m/s2) 

Main 
frequency 0.2 1.8 0.85 1.18 1.8 0.95 1.4 1.41 1 

Second 
harmonic 2.5 2.9 2.75 1.33 1.3 1.13 0.25 0.51 0.6 

1...2 kHz 1.25 1.1 0.5 1.4 1.08 0.4 1.9 1.28 0.58 
2...3 kHz 0.6 0.2 0.2 0.45 0.5 0.20 2.03 0.4 0.79 
3...4 kHz 0.45 1.15 0.1 0.4 0.4 0.32 1.4 0.75 0.45 
4...5 kHz 0.15 0.1 0.05 0.1 0.2 0.02 0.1 0.39 0.1 
Summary 

Acceleration 5.57 5.51 4.36 4.35 4.01 2.82 7.93 5.07 3.95 

The measurements are displayed graphically in Figs. 2-4. The figures show the dependencies 
of the logarithm of acceleration values (in units of m/s2) on frequency in three axes. For 
visualization, the diagrams are shifted in the Y axis by 103 and in the Z axis by 106. 

As it is seen in the above figures, the N2 Ricor cooler has the lowest vibration levels, followed 
by the Thales RM3 cooler. The N1 Ricor K508 cooler had the largest vibration levels. For this 
device, the greatest impact on detector resolution was due to a mechanical resonance in the Y axis 
along the cold finger in the region 800 Hz to 4 kHz. Frequencies below 300 Hz, are effectively 
suppressed by the spectrometer filter. By contrast, the N2 Ricor cooler has relatively low 
resonances along the Y axis. In this region the acceleration does not rise above 0.4 m/s2. The 
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Thales electric cooler has a resonance at a frequency of 1.86 kHz in the direction of Y axis, along 
the cold finger, with acceleration of 1.08 m/s2. The N1 Ricor cooler has a strong acceleration 
resonance at a frequency of 1.6 kHz in the direction of Y axis, along the cold finger, that could 
induce microphonic effects in the detector. This cooler also has an increased vibration level at 
frequencies above 5 kHz that could provide an additional deterioration of the spectrometer 
resolution. 

To categorize the vibration characteristics of the coolers we have developed a vibration test 
bench that utilizes a wideband microphone and a ZET 110 spectrum analyzer. The measurements 
were made in direction of the Z axis. The test results (amplitude spectra and vibration frequency) 
are shown in Fig. 5. As the results show that the N2 Ricor cooler has the lowest vibration rate 
values followed by the Thales cooler. The N1 Ricor cooler had the highest vibration levels. It is 
obvious that a direct comparison of the results obtained in the Vibroacoustic laboratory and in our 
laboratory, cannot be made because a microphone sensor measures the vibration rate while the 
sensor based on an accelerometer, measures acceleration. Nevertheless, the results obtained in our 
laboratory follow the same trends and give the same ranking as the test results obtained in the 
Vibroacoustic laboratory. 

 
Fig. 2. Vibration spectrum of the N1Ricor К508 electric cooler along the X, Y and Z axes 

 
Fig. 3. Vibration spectrum of the N2 Ricor K508 electric cooler along the X, Y and Z axes 

 
Fig. 4. Vibration spectrum of the Thales RM3 electric cooler, along the X, Y and Z axes 
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Fig. 5. Vibration spectra recorded from the coolers N1 Ricor К508, N2 Ricor K508, Thales RM3 
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3. Conclusions 

In spite of the limited number of the coolers tested, we can conclude that there are significant 
differences in the vibration characteristics between the various types of coolers and between 
coolers of the same type. A comparatively simple inspection of characteristic vibration levels was 
done by us in the laboratory. To categorize the vibration characteristics of the coolers we have 
developed a vibration test bench that utilizes a wideband microphone and a ZET 110 spectrum 
analyzer. The results obtained in our laboratory follow the same trends and give the same ranking 
as the test results obtained in the Vibroacoustic laboratory. 

Acknowledgements 

The authors thank the specialists of the Vibroacoustic Measurements Laboratory of the 
Diagnostics and Design Centre [9] for the responsiveness and execution of the electric cooler 
measurements in the present work. 

The authors are also thankful to specialists of Ricor (Israel) and Thales (France) for their work 
to read, comment and improve the present article. 

References 

[1] Sokolov A. D., Pchelintsev А. B., Gostilo V. V. The analysis of electric coolers performance for 
gamma-radiation HPGe detectors. Nuclear and Radiation Safety, Kiev, Ukraine, Vol. 4, 2015, 
p. 45-50. 

[2] www.canberra.com 
[3] www.ortec.com 
[4] www.bsi.lv 
[5] Goldsten J. O., Rhodes E. A., Boynton W. V., Feldman W. C., Lawrence D. J., Trombka J. I., 

Smith D. M., Evans L. G., White J., Madden N. W., Berg P. C., Murphy G. A., Gurnee R. S., 
Strohbehn K., Williams B D., Schaefer E. D., Monaco C. A., Cork C. P., Eckels D., Miller W. O., 
Burks M. T., Hagler L. B., DeTeresa S. J., Witte M. C. The MESSENGER gamma-ray and neutron 
spectrometer. Space Science Reviews, Vol. 131, 2007, p. 339-391. 

[6] http://www.ricor.com/wp-content/uploads/2013/05/K508.pdf 
[7] Pchelintsev А. B., Lupilov А. V., Nurgaleev R. M., Jakovlev О. I., Sokolov А. D., Gostilo V. V., 

Owens A. Miniature HPGe spectrometer for space applications. Cosmic Research, Russia, (in Press). 
[8] https://www.thalesgroup.com/sites/default/files/asset/document/rm3_leaflet_2015_0.pdf 
[9] http://www.ddcentrs.lv/index.html 
[10] http://www.latak.lv/index.php?lang=en 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


