TOPANFbIPOB YHUBEPCUTETIHIH
FblJIbIMU XKYPHAIbI

HAYYHbIN XXYPHAN
TOPAUIrbIPOB YHUBEPCUTETA

KASAKCTAH FblJIbIMbI
MEH TEXHUKACHDI

2001 XXblJIOAH BACTAI WbIFAObI

TORAIGHYROV
UNIVERSITY

HAYKA U TEXHUKA
KASAXCTAHA

N3OAETCA C 2001 TOOA

ISSN 2788-8770

Ne 3 (2021)

NABJIOOAP



HAYYHbIA XXYPHAN
TOPAWUIbIPOB YHUBEPCUTET
BbIXOAMT 1 pa3 B KBapTan

CBUOETENLCTBO
0 NMOCTaHOBKE Ha nepeyyeT Nepuoanyeckoro neYaTHoro n3gaHus,
MHMOPMAaLIMOHHOrO areHcTBa 1 CETEBOTO U3aHus
Ne KZ51VPY00036165

BblAaHO
MuHncTepcTBOM MHpopMaL M 1 o6LLECTBEHHOTO Pa3BUTUS
Pecny6nukn KasaxcrtaH

TemaTuyeckas HanpaBneHHOCTb
My6nvkaunsi Hay4YHbIX UCCREeA0BaHMI NO LLMPOKOMY CMEKTPY npobnem
B 06nacTu meTannyprim, MallMHOCTPOEHUS, TpaHCcnopTa, CTPOUTENLCTBA,
XUMUYECKON 1 HeddTerasoBoW MHXEHepum, MPOM3BOACTBA NPOAYKTOP NUTaHWSA

MoanucHon nHaekc — 76129

https://doi.org/10.48081/EZKZ4794

Umnakr-cpaktop PUHL - 0,344

Abuies KanpaTtonna KanponnuHoBmY — K.T.H., Npodheccop (rnaBHbIN peaakTop);

KaceHoB Acbinbek XXymabekoBud — K.T.H., Tpodeccop (3amecTuTeNb rNaBHOro peaakropa);
MycuHa XKaHnapa KepeloBHa — K.T.H., npodeccop (OTBETCTBEHHBIN CeKpeTapb);
LLlokyb6aeBa 3aypeLu XKaHaToBHa — TEXHUYECKUI PefaKTop.

YneHbl peAaKLMOHHOW KOJINerum:

Kannaknapos Antaw 'vHaynnuHoBuy — A.T.H., npodeccop (Hyp-CynrtaH, KasaxcTtan);
Kneuenb Mapk AkoBnesuy — A.7.H., npodeccop (Maenoaap, Kazaxcran);
LLlepos Kapubek Taraesndy — A4.T.H., npodpeccop (Kaparanga, Kaszaxcran);
Boromonoe Anekceln Butanbesuy — k.T.H., accou. npodeccop (Masnogap, KasaxcraH);
Kaxunbaesa Nanus TyneyeBHa — K.T.H., npodpeccop (Masnogap, Kasaxcran);
3apyb6exHble YneHbl peAaKLMOHHOMW KOMnerum:

Baigang Sun — npodeccop (MekuH, Kutan);

Gabriele Comodi — PhD, npodeccop (AHkoHa, MTtanus);

Jianhui Zhao — npodeccop (Xap6buH, Kutan);

Khamid Mahkamov — A.T.H., npodbeccop (Hbtokacn, Benvkobputanus);
Magin Lapuerta — 4.71.H., npodpeccop (Cbtoflag Pean, Vicnanus);

Mareks Mezitis — A.7.H., npodeccop (Pura, llateus);

Petr Bouchner — PhD, npodeccop (IMpara, Yexus);

Ronny Berndtsson — npodpeccop (flyHa, LBeuns);

Bap3os Anekcanap AnekcaHapoBuY — A.T.H., npodeccop (Mocksa, Poccus);
ButBuukuii EBrennn EsreHbeBuy — A.7.H., npodeccop (Omck, Poccus);
MBaHunHa Omunusa mutpuesHa — A4.T.H., npodeccop (Tomck, Poccus);
Ilazapes Bnagucnas EBreHbeBuy — A.T.H., npodeccop (YensbuHck, Poccus);
MsirkoB, JNleonung JIbBoBuY — A.T.H., npodgeccop (Mockea, Poccus);

AntowknH Anekcangp CepreeBud — A.T.H., npodeccop (HYebokcapbl, Poccust)
Pe6esoB Makcum Bopucosuy — a.c/x.H., npodeccop (Mocksa, Poccus).

3a LOCTOBEPHOCTb MaTepurarnoB 1 peknamMbl OTBETCTBEHHOCTb HECYT aBTOPbI U peknaMoaaTtenu
Penakuusa octaBnsieT 3a coboii NpaBo Ha OTKIIOHEHUE MaTepuarnos
Mpu “cnonb3oBaHMK MaTepUarnoB XypHana ccbifika Ha xypHan «Hayka n TexHuka KasaxctaHa» obsizaTenbHa

© TopalirbipoB yHuBepcuTeT



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2021

METAJINIYPIrUs

SRSTI 53.49.19
https://doi.org/10.48081/GDLO8047

*A. Zhakupov', A. Bogomolov? A. Zhakupova?®
L23Toraighyrov University,
Republic of Kazakhstan, Pavlodar

NON-DESTRUCTIVE METHOD FOR DETERMINING
THE MECHANICAL PROPERTIES OF ROLLED STEEL

This article describes the developed methodology for the prompt and reliable
determination the mechanical properties quantitative indicators of the heat-treated
steel products by a non-destructive method. For these cases, the non-destructive
method of testing steel products is the most optimal option, due to the fact that it
does not require destruction of the controlled sample and provides for the possibility
of the product further operation. The use of non-destructive testing methods also
contributes to significant savings in material and time resources.

The essence of the method described in this work lies in the initial study of
steel samples, measuring their coercive force, maximum magnetic permeability
and residual magnetic induction for subsequent statistical analysis to determine
the relationship between mechanical and electromagnetic properties. As a result of
finding this correlation and checking its reliability, it becomes possible to determine
the ultimate strength, yield strength and relative elongation on finished products,
which are normalized indicators of the steel structural products strength properties.

The proposed non-destructive method for determining the mechanical properties
will allow its use in the production flow, while having the reliability of determining
the quality indicators above 96 %.

Keywords: non-destructive testing, mechanical properties, rolled steel, coercive
force.

Introduction

At metallurgical and machine-building enterprises, serial and mass production of
steel products is carried out, the given structure and mechanical properties of which
are achieved by certain heat treatment modes. Possible inconsistencies in the chemical
composition of the products material and the modes of their heat treatment lead to
unacceptable deviations in the properties of the products and require control of each
product unit. Direct methods for determining mechanical properties and structure are
destructive and cannot be used to determine the quality of products intended for use.

In addition, quality control with destruction, as a rule, requires taking templates
and making samples for subsequent testing, which is a laborious and expensive
operation [1-8].

44



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2021

The feasibility of introducing a non-destructive magnetic control method into
production is justified by numerous advantages, of which these are:

—saving control time, due to the absence of the need to select templates and prepare
samples for testing;

— cost savings due to the rejection of low-quality metal, blanks before expensive
machining;

— replacement of bulky test equipment used for destructive testing methods with
small-sized instruments, which also saves production space;

— the possibility of further use of the controlled product.

Materials and research methods

The objects of research were samples of 09Mn2Si steel pipes.

Previously, the samples were heated to 900 °C, quenched in water and tempered
at various temperatures from 500 to 700 °C. Then, coercive force H , maximum
permeability u and residual magnetic induction B, were measured. After measuring
the magnetic indicators, the tensile strength o+, yield strength o, and elongation &
were determined by the tensile method of a steel sample [9].

The laboratory equipment was used for the study: a tensile electromechanical
machine for measuring mechanical properties in accordance with GOST 1497-84 —
«Metals. Tensile test methods», coercimeter KRM-Ts-K2M for measuring the coercive
force in accordance with GOST 30415-96 — «Steel». Teslameter EM4305 for measuring
residual magnetic induction in accordance with GOST 12119.1-98 — «Electrical steel.
Methods for determining magnetic and electrical properties».

Results and discussion

After heat treatment of the samples, using a coercimeter and a teslameter, the
maximum values of magnetization and strength were measured, and, accordingly, the
coercive force and residual magnetic induction, the values of which are indicated in
the diagrams in Figure 1.

Having determined the maximum values of the tension and magnetization of the
samples, the maximum magnetic permeability of each sample was calculated according
to formula 1, the values of which are summarized in Table 1.

Himnax :Bmax/}]max: ( 1 )

where B — maximum magnetic field strength of the sample, T;
H —maximum value of sample magnetization, A/m.

max
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Figure 1 — Magnetic properties of a 09Mn2Si steel specimen
The values of the coercive force corresponded to the values of the magnetization at
zero magnetic field strength, and the values of the magnetic induction, on the contrary,

to the value of the intensity at zero magnetization.

Table 1 — Values of the maximum magnetic permeability of steel samples

Steel Tempering temperature, °C
ee

500 550 600 650 700
09Mn2Si 73,7 72,2 73,5 81,6 108,0

After the measurements of the magnetic characteristics were carried out measurements
of the actual mechanical characteristics, the results of which are summarized in
Table 2. In this case, the variable parameter of heat treatment was the tempering
temperature in the range from 500 to 700 °C.

Table 2 — Values of mechanical properties of test specimens

Steel Tempering Tensile strength, Yield strength, RelaFive
temperature, °C MPa MPa elongation, %
500 755 645 9
550 684 583 10
09Mn2Si 600 617 539 11
650 602 518 13
700 586 505 14

Applying regression analysis in Excel program, a mathematical model was derived
for the control of mechanical properties by a non-destructive method for steel 09Mn2Si.
To determine the tensile strength:

Ops = 929,4 + 15,86H, — 0,764mqy + 110,1B. (2)
To determine the yield strength:

Ops = 3634 — 52,4H, — 3,854,,,, — 28,65. 3)
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To determine the relative elongation:
€ =46,99 — 3,15H, + 0,00651t;,4, — 1,24B. 4)

To confirm the reliability of the proposed method for determining the mechanical
properties, tests were carried out with measurements according to the proposed method.
For this, three items of steel 09Mn2Si were taken and thermally treated according to the
selected mode, for example, a tempering temperature of 620 °C was taken [10]. Then,
the magnetic parameters were measured on each tempering product. Substituting the
average of three values for each of the parameters into the equations of dependencies
available for a given steel, determined the calculated values o;g, oy and €. After
that, standard samples for tensile testing were made from each product and the actual
values of mechanical properties were obtained. Table 3 shows the calculated values
determined by the equations of dependencies and the actual values of the mechanical
properties determined by tension the standard samples, which confirm the reliability and
accuracy of the proposed method for quality control of steel products heat treatment.
The measurement error was less than 4 %.

Table 3 — Convergence of results

Mechanical properties of steel 09Mn2Si products at a tempering temperature of 620 °C
Calculated The actual
(by regression equations) (by tensile tests)
075, MPa 715 Ors,MPa 731
Oys, MPa 668 Oys, MPa 693
& % 16,2 & % 16,5
Conclusions

The use of three magnetic parameters in the complex during the inspection of steel
products contributes to an increase in the reliability and accuracy of measurements, in
comparison with one-parameter control, which is confirmed by an error of no more than 4 %.

In addition, improving the technology for determining the mechanical properties
of steel products heat treatment will reduce the time for testing, due to the absence of
the need to select templates and prepare samples for testing, eliminate the use of bulky
test equipment used for destructive testing methods with small-sized devices, and will
also enable further use controlled item.
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*A. JKaxynoé', A. bozomonoé’, A. Kaxynosa’
1-23TopaltFbIPOB YHUBEPCHTETI,

Kazakcran Pecny6nukacet, [1aBnogap k.
Marepuan 20.09.21 Gacnara TycTi.

BOJIAT WJIEMHIH MEXAHUKAJIBIK KACUETTEPIH
AHBIKTAY/JIbIH BY3BAUTHIH TOCLII

byn maxanadoa 6oram emimoepin Oy30aimein  80icmepMeH  MEPMUSIbIK
OHOEYOIH MEXAHUKANbIK KACUCMMEPIHIY CAHObIK KOPCeMKIWmMepPIH Jcedell JHCOHe
CeHIMOT anvlKmay yulin 93ipaeneen goicmemeniy cunammamacyl keamipineen. byn
Jrcazoaiinapoa bonam OHIMOepiH 6aKbLIaAyOblH Oy30aimvin 90ici OAKbLIAYOLIH eH
JHCAKCBHL HYCKACHL DO0IbIN MAOBLIAOL, OUMKEHT 01 OAKbIIAHAbIH YI2IHT OY3)0bl Kadicem
emnetiodi Jicone OHIMOT 00aH opi NALLOAIAHY MYMKIHOI2IH Kapacmulpadvl. Bysoatimoin
mecminey 80icmepin KOA0AHY MAMepUdioblK JHCOHe YaAKbIMUA pecypcmaposl e0oyip
yHemoeyee biknan emeoi.
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Ocvl  ocymvicma  cunammanear — 90icmiy — MOHI  MEeXAHUKATLIK — HCOHe
QNEKMPOMASHUMMIK KAcuemmep apacvblHOaabl OAIAHbICIbL AHLIKMAY YUWIH KeUiHel
CMAMUCMUKAILIK, Manoay ywin 6o1ammuoly op MAPKACLIHBIY Yacinepin dacmankbl
3epmmey, on1apObly KOIPYUMUBMI KYULIH, MAKCUMATIObL MASHUM OMKI32IUMICIH HCOHe
KANObIK MASHUMMIK UHOYKYUsHbL oauley Oonvin maodvinadvl. Ocbl KOppersyusiib
maby JicoHe OHbIH CEeHIMOLNIZIH meKcepy Homudicecinoe Oaibli OHiMoepoe
bonam KypulibIMObIK OyUbiMOapObly Oepikmik Kacuemmepiniy HOpMAIaH2aH
Kepcemkiwmepi 006N MAOLIIAMbIH YAKBIMUUA KAPCHLIBIKMbL, KIPICMINIK Wesin
JHCOHE CATLICINBIPMATBL Y3APYObl AHBIKMAY2a MYMKIHOIK Oap.

Mexanuxanvlx, Kacuemmepoi aHblKmayovlly YCbIHLLIAMbIH O)Y30aumull 90ici
cana kepcemxiuimepin 96 %-ea Oetlin aHblKMayObiy ceHiMOLLiciHe ue O01a Omvipbin,
OHbL OHOIPIC AbIHLIHOA NAUOALAHY2d MYMKIHOIK Oepedi.

Kinmmi ce30ep: Oysdatmuln 6axvliay, MeXAHUKAIbLIK Kacuemmep, UleM,
KO3pyumuemi Kyul.

*A. JKaxynoé', A. bozomonoé’, A. Kaxynosa’
23T opalirbIpOB YHUBEPCHUTET,

Pecny6iinka Kazaxcraw, r. [1aBnogap.
Matepuan noctynuia B pegakuuio 20.09.21.

HEPA3PYIIAIOIIAI CITIOCOB ONPEAEJEHUS
MEXAHUYECKHUX CBOHUCTB CTAJIBHOI'O ITIPOKATA

B oOannoii cmamve npusooumcs onucaumue pazspabomMaHHOU MemoOUKu
npoGedeHUsi ONEePAMUBHO20 U OOCHMOBEPHOSO ONPeOeseHUs. KOIUYECHBEHHbIX
nokaszameneli. MEXAHU4eCKUx CEOUCME MePMUYecKol o00pabomKy CmaibHbIX
U30enUll Hepa3PYUAIOWUMU MeMOOaMU. [ SMux cyuaes Hepaspyulauuil Memoo
KOHMPOJNs. CMANbHLIX U30eIUll A6AAemcsi Hauboaee ONMUMAIbHLIM BAPUAHMOM
KOHMPOJs, 6 C6i3U C meM, 4mo He mpebdyem paspyuieHuss KOHMpOIUpPYemozo
00pasya u nPeodyCMampueaen 03MONCHOCHb OdlbHeluell SKCNILYaAmayuu U30eaus.
Ilpumenenue memooos Hepaspywaoueco KOHMPOIs MAK dce Cnocoocmeyem
SHAUUMENbHOU YKOHOMUU MAMEPUATbHBIX U 8PEMEHHBIX PECYPCO8.

Cywrocms onucanno2o 8 OaHHOU pabome cnocoda 3axKioHaemcsi 8 Ha4aIbHOM
uccnedosanuu 00pazyo8 Kaxcoou MapKu CMAIU, U3MEPEeHUU Ux KOAPYUMUGHOU CUTbL,
MAKCUMATLHOU MACHUMHOU NPOHUYAEMOCU U OCMAMOYHOU MACHUMHOU UHOYKYUU
07151 NOCNEOYIOWe20 CMAMmUCMU4eck020 aHAIU3A C Yeivio ONPe0eieHUst 3aUMOCEs3U
MeNCOY MEXAHUYECKUMU U NIeKMPOMASHUMHbLIMUY  ceoticméamu. B pezyiomame
HAX02ICOeHUsl OAHHOU KOppeIsiyul U NposepKu ee O00CMOBEPHOCU NOSAGIIAEHC
BO3MONCHOCTL HA 20MOBLIX U30CAUSX ONpedeisimb GPEMEHHOe CONPOMUBIEHUE,
npeden mexKyyecmu u OMHOCUMENIbHOe VOJIUHEHUEe, SAGIIOUUECS HOPMUDYEMbIMU
NOKA3aMensiMu NPOYHOCHHBIX CEOUCE CMANbHBIX KOHCIMPYKYUOHHBIX U30eTUl.

Ilpeonazaemviii  Hepazpywaowuli  Memoo  ONPeOeieHUss  MeXAHUYECKUX
CBOUCME NO3BOAUM UCNOTIL30BAHUE €20 8 NOMOKe NPOU3800CMEA, UMEsL NPU IMOM
00CmMOBEePHOCIb OnpedeneHus nokazameinei kavecmeda 00 96%.

Knouegvle cnosa: Hepaspywiarowuii KOHMpPOIb, MEXAHUYECKUE C8OUCMEA,
nPOKam, KOIPYUMUBHAS CULA.
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