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Magnetization curve, magnetic hysteresis loop and their parameters (initial and
maximum magnetic permeabilities, residual magnetic induction, coercive force, rectangu-
larity coefficient and others) are the main characteristics of ferromagnetic materials and
articles at magnetic measuring and in non-destructive testing.

Last time serious attention is given to design of new automatic measuring means of
magnetic characteristics of magnetic soft materials using the means of computation engi-
neering. In the paper the new system for measurement of magnetic characteristics (MMC)
of soft magnetic materials in quasi-static mode is described, the special features of the
transducer construction, metrology support and application for non-destructive testing and
magnetic measurement are done.

The system MMC ensures reading of magnetization curve and magnetic hysteresis
loops of ferromagnetic materials at major and minor cycles of alternating magnetization in
quasi-static mode in closed (at rings) and open circuits. On the magnetization curve and
hysteresis loop the main (maximum value of magnetizing field H,,, maximum magnetic
permeability [, coercive force H., maximum B,, and residual B, magnetic induction)
and additional (differential magnetic permeability L. at field, equal to H,; magnetic in-
ductions By, and By, at fields H, and 2H, accordingly) magnetic parameters. The sys-
tem has convenience to determine the static value of coercive force with the aid of ex-
trapolation of the speed of the rise of the magnetization reversal field for zero.

Maximum amplitude of the magnetization reversal field is 40 kA/m, the frequency is
0.05-0.5 Hz, the measuring region of magnetic induction is 0.015-2.5 T. The main reduced
error of measurement the magnetic field strength and magnetic induction don’t exceed 2%.

The construction principle of the system MMC is based on the method of continuous
induction, that is characterized by well effectiveness and by possibility to select the optimum
speed of alternating magnetization for every of the specimens under test. The system con-
structively includes transducer, magnetization unit, measuring unit, PC and printer.

The transducer of the system includes the magnetizing and the measuring coils.

The magnetizing system includes many-turns solenoid, two identical compensation
windings, located above the solenoid near its end faces, connected with it in series-aiding,
two additional compensation windings, arranged above the solenoid symmetrical relative
its centre and connected with it and with the first two compensation windings in series-
aiding or in series-inverse (dependent on the real field configuration). The decrease of the
field along the axis of the solenoid near its end faces is compensated by the field of ring
windings, and its inhomogeneity in the centre is compensated by the additional ring wind-
ings. At adjustment the compensation windings can move along the solenoid axis, what
ensures in the working zone of the transducer +£120 mm long relative the centre the inho-
mogeneity less than 0.5%.

For compensation the field of solenoid at measuring the magnetic induction of the
specimen under test and for comparison it with the standard the transducer has two work-
ing zones. The central part of every of them embraces the appropriate measuring coil. The
measuring coils are connected between them in series-inverse and are 10 mm long.

The magnetizing unit includes the driving generator, power amplifier and the refer-
ence resistor and generates the line current of sawtooth form having maximum amplitude
of 5.4 A and frequency of 0.05-0.5 Hz.



The measuring unit includes integrator, channel of measuring the strength of the al-
ternating field, channel induction measuring, the control unit and unit of data processing.

The channel of measuring the magnetization field is made as standard one, which
measures the current through the magnetizing system and conversions its value in the
value of the magnetization reversal field.

The channel of measurement the magnetic induction is designed on the base of ana-
log integrator, the control and the compensation of the error of transformation of which is
executed using the PC. The special feature of the system MMC is the decrease of the
measuring error because the automatic account of the shift of the channel of the magnetic
induction up to and after the measurement on the specimen and the introduction of the
appropriate correction in their results [1]. It allows at the frequency of magnetization re-
versal of 0.05 Hz to decrease the drift of the measuring channel up to 0.4%.

The PC controls the processes of magnetization reversal and of measurement
through the port USB. Apart from the control it ensures the collection and store of data,
the plotting the hysteresis loops and the output of the data to printer.

Metrology support of the system MMC includes its certification on the value and
the frequency of the magnetization reversal field and on the value of the measured mag-
netic induction.

The certification of the system on the value of the magnetization reversal field con-
sists in determination using the high precision Tesla meter of the K constant of the mag-
netizing unit, introduction of this value in the storage, in measurement of the current value /
through the magnetizing unit on the value of voltage from the reference resistor and in
determination the value H of the magnetization reversal field using the equation H =Kyl
The frequency of the magnetization reversal field is measured by the frequency meter on
the voltage from the reference resistor.

The certification of the channel of magnetic induction measurement is curried out
using the standard of mutual inductance, one of windings of what is connected in series
with the magnetizing system of the transducer, and the second winding is connected to the
input of the channel under test. As the system measures not magnetic induction, but the
magnetic flow (at connecting the standard of mutual inductance it is equal to L/, where L
is the value of mutual inductance of the standard), then to determination the value of
magnetic induction, generating this flow in the working zone of the transducer, the re-
ceived value must be divided by the cross section and the number of turns of the measur-
ing winding, the values of which are stored in PC. Therefore the conversion of the value
of the flow in the value of appropriate magnetic induction is executed automatically. The
certification for the magnetic induction is executed at several frequencies and maximum
values of the magnetization reversal fields within the measuring range. Express test of the
system is carried out using the special specimen having the prescribed cross section with
the predetermined magnetic properties.

Apart from the direct measurement of the magnetic characteristics of the specimens
under test the system MMC is used for the determination of the magnetic characteristics
of articles, what on one can execute the magnetic testing of their mechanical properties.
Using the system MMC one can investigate the scope for multiple regression analysis and
for direct use in the tasks of multiparameter non-destructive testing. Very promising is the
use of the system MMC for determination of the thickness of the hardened layers of the
ferromagnetic articles on the change of the configuration of the magnetic hysteresis loop.

References:
1. Mariok B.®., OcumnoB A.A. Crioco6 onpeeneHuss MarHUTHBIX XapaKTePHCTHK U3IENHst U3 (ep-
pomarautHoro Marepuaina. [larent Pb Ne 10534. — Acinsiins! 6tonersss. — 2008. — Ne 2. — C. 100-101.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


