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At manufacture of articles by the method of cold pressing widely the sheet cold-
rolled low-carbon steels are used. Last time increase the production of IF and IFHS steels,
DP and HSLA steels, that exhibit high ability to deep elongation. Thus the microalloyed
cold-rolled steels without the defects of inner structure (IF-steels) have very high ability
for elongation, what is attributed to the rise of plasticity at the decrease of content of the
elements of internodal points (carbon and nitrogen) up to ultralow content and to the unit-
ing of the residual nitrogen and carbon at the cost of introduction of the stabilizing ele-
ments (for example, titanium and niobium). This distinguish the IF-steels from the usual
cold-rolled low-carbon steels of type 08Yu—08kp. In the process of producing for receiv-
ing the required mechanical properties the steels for deep elongation are exposed to re-
crystallization annealing. For testing the quality of annealing of sheet cold-rolled low-
carbon steels is used the pulsed magnetic method [1]. In the paper the results of investiga-
tion of the influence of the conditions of technological annealing after the cold rolling of
the microalloyed steels for the set of their magnetic and mechanical characteristics having
the aim to determine the possibility of magnetic nondestructive testing of their mechanical
properties.

To receive the differences in mechanical and magnetic properties of the specimens
under test of the microalloyed steels 1 mm thick the annealing was undertaken at stan-
dardized temperature (nearly at 700°C) with different duration (from 5 up to 10 minutes).
The annealed specimens were metallographically tested, their mechanical properties were
determined (ultimate strength, yield strength and elongation per unit length) and their
main magnetic characteristics in the open and closed magnetic circuits. The magnetic
characteristics were determined using the magnetic measuring system UIMX [2] in quasi-
static mode of magnetization (the field of magnetization reversal had the triangular form
at the frequency of 0.1 Hz and amplitude of 20,000 A/m).

The analysis of the results of mechanical tests show, that for all specimens of the
microalloyed steels the holding at the temperature of 700°C up to 6 minutes influences on
their mechanical properties weak, as at that conditions of heat treatment (starting from
400°C) only the inner stresses are relieved. At the sixth minute of heating and during the
next few minutes (as the metallographic tests show) the recrystallization of metal is com-
pleted quickly enough. Besides owing to the structural changes of metal its hardness and
strength are reduced sharp at simultaneous increase of its ductility.

The results of magnetic tests show, that for all steels under investigation the best
magnetic parameter of testing both in the closed and the open circuits is the coercive
force. The residual magnetization can serve as the testing parameter only in the open
magnetic circuit owing to big demagnetization factor, that causes the slope of the mag-
netic hysteresis loops and is responsible for the straightness of the loop section from the
coercive force field of residual magnetization. The sheet steel even has the high demag-
netizing factor. Therefore for the sheet between the residual magnetization and the coer-
cive force, measured in open magnetic circuit, exists the strong linear connection. Thus at
measuring directly on the sheets the residual magnetization not less effective can be used



as the coercive force for the reliable testing of their mechanical properties (ultimate
strength and yield strength). What is more the process of measuring of the residual mag-
netization is easily and the results are more stable. From the point view of increasing the
resistance to interferences is preferable to measure not the value of residual magnetization
itself, but the gradient of the residual magnetization field strength H,,.

Such magnetic parameter as the maximum differential magnetic permeability on the
hysteresis loop can be used potential for the nondestructive testing. But by practice that
parameter is undertaken to the influence of different interference factors.

The measurements of VH,,, were made using the ferroprobe-gradientmeter having
the base of 30 mm on the specimens with overall dimensions 450 x 500x 1 mm® after their
local pulsed magnetization in static from one side of the sheet using the superimposed
solenoid with dimensions 12x6x31 mm® by amplitude of pulses 2,1-10° A/m (the device
HNMA-4M) and in motion in the production line from both sides of the sheet using two
solenoids having dimensions 145x15x15 mm® with amplitude of pulses 3,2:10° A/m
(system IMPOK-1B) [3].

The analysis of the results show, that in both cases well can be revealed that speci-
mens the recrystallization of what is not completed because they stay in the furnace less
time as required. Besides by the device IMA-4M in consequence of increased locality the
areas of heterogeneity of metal are indicated, caused mainly by different level of recrys-
tallization of separate areas of the specimen.

We have analyzed the possibility of unification in one file of the specimens of MA,
DP-steels, IF and IFHS-steels. In the figure the correlation connection between the value

of VH,, and the ultimate strength under deformation R,, of the specimens of MA, DP, IF
and IFHS steels for the system IMPOK-1B is done.
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Fig. Correlation connection of the gradient of the residual magnetization field
strength VH,, and the ultimate strength under deformation R,, of the specimens of
IF, IFHS, MA and DP steels at two-sides magnetization and measurement using the
system IMPOK-1B



The investigations undertaken have stated the possibility of the sampling test of me-
chanical properties of the microalloyed steels (the devices IMA-4M) and the testing in the
production flow (the devices IMPOK). The possibility is demonstrated of the magnetic
testing of IF, IFHS, HSLA and DP steels by the results of the statistical analysis of that
data in united file.

References:
1. Meabryii M.A. MarauTHbli KOHTPOJIb MEXAHUUYECKUX CBOWCTB. — MuHck: Hayka u tex-
HuKa, 1980. — 184 c.
2. Marok B.®., OcunoB A.A. YcranoBka YUMX juis u3MepeHnsI MarHUTHBIX XapaKTepu-
CTHK MarHUTOMSITKHX MaTepHasoB U u3nenuid. // Jedexrockomms. — 2007. — Ne 3. — C. 12 - 25.
3. Marok B.®. VIMybCHBII MATHUTHBIA KOHTPOJIb MPOYHOCTHBIX XapaKTEPHCTUK (heppo-
MarHuTHbIX m3genuil. — Beci HAH Benapyci. Cep. ¢i3.-TaxH. HaByK, 1998. — Ne 4. — C. 114 — 118.




<<
  /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


