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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EFFECT OF SINGLE OVERLOAD
ON THE DEVELOPMENT OF A FATIGUE CRACK

Abstract. In this paper we present the results of studies on the effect of a single overload on the kinetics of
fatigue crack growth rate (FCGR), and the reasons leading to the delay of fatigue crack growth in flat steel specimens
with an edge notch. It is known that the presence of stress concentration, and defects in cases of fatigue cracks may
occur in the early stages of operation, which lowers the fatigue resistance characteristics of the structure. In these
cases, to solve the problems of strength and its increase is necessary to study the kinetics of fatigue crack growth
methods applied fracture mechanics. To do this, in this paper are tested and characterized based cyclic crack flat
specimens with a cross section 10x60 mm with a notched edge on a universal electrohydraulic machine with servo
control of the company «Instron» (England). Changing the FCGR in the impact zone overload evidence of the
heterogeneity of plastic deformation zone caused by overload. Slowing and acceleration of crack growth can be
affected by the ratio skazat sizes of plastic zones formed before and after the overload and stress distribution in these
areas, which leads to the closure of fatigue cracks. For an explanation of these factors during the test were measured
closing fatigue cracks to determine the effective scope of the stress intensity factor AK.s. Effect of single overload
the delay in development of fatigue cracks is dependent on the degree of overload Rq. Based on this study researches
developed methods to assess and reasonably extend the survivability of parts, thus enhancing the reliability of the
machines.

Keywords: stress, defect, fatigue crack growth rate of a fatigue crack, the stress intensity factor, overload,
endurance and reliability.

Introduction. Operational reliability and durability of many structures associated with the cyclic
strength of their elements, such as, in particular, the operation of the hydraulic turbine impeller blades is
on the railway wagon is the half-rails, crankshafts in the engine are exposed to variable loads.

If there is a concentration of stresses and defects in cases of fatigue cracks may occur in the early
stages of operation, which reduces the reliability of the structure.

In these cases, to solve the problems of strength and its increase is necessary to study the kinetics of
fatigue crack growth (RTH). When operating the machine parts on the kinetics of RTA affect single or
multiple overload. They can lead to a delay in the development of a fatigue crack. This phenomenon is of
great practical importance for the development of methods to assess the survivability of machine parts.

In this paper we present the results of studies on the nature of the effect of a single overload on the
kinetics of fatigue crack growth rate, and the reasons leading to the delay of fatigue crack growth in flat
steel specimens with an edge notch.

Materials and methods. The starting material for the manufacture of the samples were platen 200
mm thick, the last full-time modes of heat treatment. Samples of cut rolled steel in the rolling direction.

Tests for studies of fatigue crack propagation after a single overload was conducted on flat specimens
with a cross section 10h60 mm with one edge notch on the universal machine with servo elekrogidravli-
cheskoy company «Instron» (England).

As is known, the test to determine the properties of materials under cyclic loading are made in a
consistent measurement for the given parameters load cycle of length 1 of a growing fatigue crack and the
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number of loading cycles N, and on the basis of these data is determined by the rate of fatigue crack
growth: V = dI/dN as average increase its length of one cycle at specified test conditions [1].

After that, find the relationship between the FCGR dI/dN on the scope of the stress intensity factor —
AK = Kiax — Kinin, 1€ builds a so-called kinetic diagram of fatigue failure (KDUR). KDUR are S-shaped
curve that has three distinct areas: the near-threshold (I), middle (II) and third (III). Our research is mainly
quoted at the junction of I and II sites.

Initsiruyuschy cut edge for initial cultivation of a fatigue crack was performed using a fine mill
(thickness = 1 mm) to a depth of 2 mm, then the method elektroerozivnym adjusted length cut to 4 mm.
The result is a cut corner radius of about 0.15 mm. It is possible to reduce the load and reduce the time to
the initial nucleation of fatigue cracks.

Test samples were carried out at room temperature under a sinusoidal loading frequency of 50 Hz.
After the achievement of the fatigue crack length 1 = 6mm once handled the sample with an equal degree
of overload:

iao
— K max

K

max

R =15

Where K the overload load. After this test continued with the former regime. Results of the study

max

RTH shown in figure 1.
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Figure 1

As seen in figure 1 after the overload crack growth ceases to certain loading cycles.

Why stops the growth of cracks and what happens when you overload a single?

Rezults and discussion. Overload leads to a significant disclosure to the crack tip blunting and
vetvlieniyu Usti cracks in the vicinity of which is highly developed plastic zone (figure 2).

Figure 2 — The top of the fatigue crack:
a) before the overload; b) after overload
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Figure 3 — Formation of a new fatigue crack one of the branches

In this case, after removal of the load can be seen the residual crack opening. Cyclic loading after an
overload leads to the formation of a new crack one of the branches of the crack (figure 3).

Crack after a certain load is distributed in the zone of plastic deformation created by the overload.
In connection with this change the kinetics of the crack. Speed as you move a crack at some distances
after application of overload begins abruptly padat, then after reaching the minimum value begins to
increase. Before the fall of the FCGR after the overload at first she really "accelerated." This is
apparently asso-ciated with a break overload load loosened, damaged zone ahead of the initial crack
formed by cyclic loading, and closing with the lack of new cracks. FCGR corresponds to a significant
slowdown began closing the crack tip, which is observed only after a certain part of the zone of plastic
deformation caused by overload [2, 3]. After passing a zone of influence overload FCGR reaches a new
steady level will.

Rezults and discussion. Change the CPT in the impact zone overload evidence of the heterogeneity
of plastic deformation zone caused by overload. Slowing and acceleration of crack growth can be affected
by the ratio skazat sizes of plastic zones formed before and after the overload and stress distribution in
these areas, which leads to the closure of fatigue cracks.

Conclusions. For an explanation of these factors during the test were measured closing fatigue cracks
to determine the effective scope of the stress intensity factor AK¢ [4].

Effect of single overload the delay in development of fatigue cracks is dependent on the degree of
overload Rq.

On the basis of these studies, methods have been developed to assess and renew the vitality of the
details that tend to increase the reliability of the machines.
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H. C. CaiinyanaeBa, H. C. Taraes, JI. T. [1a3zpuioBa, A. O. KanukysioBa
M. O. Oye3oB arbiHAarsl OHTYCTIK Kazakcran MemiiekeTTik yHuBepcuterti, Llsimkent, Kazakcran
BIPPETTI APTBIK )KYKTEMEHIH INAPIIAY CBI3BATTBIH JAMYBIHA 9CEPI

Annotanusi. Makanaga OippeTi apThIK KYKTEMEHIH IIapIiuay ChI3aThIHBIH ©CY JKbUIIaMIBIFbl KMHETHKACHIHA
acepi (LLICXK) >kaHe mieTTik OMBIFEI Oap jka3blK OOJIAT yIITijiep/ie mapliay Chl3aTTapbIHbIH 6CyiH TeXeUTiH cebenrTep-
Il 3epTTey HaTIXKenepi kenrtipinred. KoimaHynslH aiFalikel Ke3eHIEpiHJe KepHEY MEH aKayjapAblH KOHIIEHTpa-
IUSCHl OPBIH ANFaH[a IIapiiay ChI3aTTaphbl TYBIHAAYBl MYMKIH €KeHi Oenrini. by e3 keserinae KOHCTPYKIHS 3Jie-
MEHTTEpiHIH IIapIiayra KeIepri cHmaTTaMallapblH TeMeHeTeni. MyHnai karmaitmapna, OepikTUTiK Mocenenepin
IICTITY YKOHE OHBI apTTHIPY VIiH OY3BUTYABIH KOITaHOATE MEXaHHUKA 9ICTEePiH KOJIAHBII, IApIIay ChI3aTHIHBIH 6Cy
KHHETUKaChIH 3epTTey KaxkeT. Ochl MakcatTa «Instron» ¢upmackiHbiH (AHIIHS) cepBodackapybl Oap omOedarn aek-
TPOrHIPABIMKAIBIK MalliHaga Oip IIETTIK OWbIFeI Oap KuMackl 10x60 MM jKa3bIK YATUICPIiH LHUKIMIK ChI3aTKa
TO3IMIUIIK CHIIaTTaMajiapbl ChIHANBIN anbiHIbL JKykTemeHiH ocep ety aymarbiaaa LIICXK esrepici apThIK KyKTeme
naija eTKkeH IIacTHKAIBIK AeopMals aiMarbIHbIH OEpTEKTI eMecTiriH kepcerei. Chl3aTTap/blH 6CYyiHIH TeXelyl
JKOHE JKEJCNICTYIHe apThIK KYKTEMeJIepIeH JICHiH KoHe KeliH maiiia O0JiFaH IUIACTHKAIIBIK Je(hOopMalis aiiMaKTaphbl
MOJIIIEPiHiH KaThIHACKI MEH OCHI aliMaKkTap/a KepHeyJIep/IiH Tapallybl acepid turizeni. Ocel GpakTopiapabl TYCIHAIPY
yiuiH ceiHaK Kesinge AK.q KepHeysep MHTEHCUBTUIIK KodQdUIHeHTIHIH 3((GEeKTUBTI KApKbIHBIFBIH aHBIKTAY YIIiH
Iapiiay Chl3aTTapbIHBIH >KaOBLIyhl eNIIeHAl. bippeTTi apThIK KYKTEeMEHIH Iapiiay ChI3aThIHBIH JIaMybIH TEXEHTIH
acepi Rq apThIk xykTeme papexecine Tayenai. Ocbl 3epTTeysiepAiH HEri3iHe MalluHallap CEHIMIUIITiH apTThIpyFa
acepiH THTri3eTiH, OenmIeKkTepAiH eMipIIeH-iriH 0aranar, y3apTyFa MyMKIHJIIK OepeTiH aaicTep a3ipieH .

Tyiiin ce3aep: kepHey, axay, IIapliay, CbI3aT, MAapIiay ChI3aTHIHBIH 6CY KbUIIAMIBIFbI, KEPHEYJICPAIH HHTCH-
CHUBTIITIK JOPEKECi, apTHIK JKYKTeMe, OMipIICHIIK, CeHIMALTIK.

H. C. CaiinyanaeBa, H. C. Taraes, /I. T. [1aszbl10Ba, A. O. Kanaukyiaosa
HOxH0-Kazaxcranckuii rocyqapcTBeHHbIN yHIBepeuTeT uM. M. O. Aya3osa, llIsiMkenT, Kazaxcran
BJUSTHUE OJJHOKPATHOM NEPEIPY3KHU HA PA3BUTUE YCTAJIOCTHOM TPEILIAHBI

AnHotanusi. B sToif paboTe mpuBEACHBI Pe3yNbTaThl MCCIENOBAHUH 10 M3YyYCHHWIO BIUSHUH OJHOKPAaTHON
Heperpy3Ky Ha KHHETHKY CKOPOCTH pocTa ycTanocTHo! TpeutuHsl (CPT), n nmpuyrHBI IPUBOISIINX K 3aJI€PKKE POC-
Ta yCTAJIOCTHBIX TPELIMH Ha IUIOCKUX CTaJbHBIX 00paslax ¢ KpaeBbIM Hajape3oM. Kak M3BECTHO, U4TO NMpH HAIHIMN
KOHIIGHTPALMN HAlpsDKEHUH U eeKTOB B TaKHX CIIy4asX MOTYT BO3HHKHYTH yCTaJOCTHbIE TPELIMHBI HAa PaHHHX
CTaguAX SKCIUTyaTallH, YTO CHUKAET XapaKTEPUCTUKU COMPOTHBIIEHHUS YCTAIOCTH 3JIEMEHTOB KOHCTPYKIUH. B 3THx
clydasax, IJid peueHusA npo6neM IMPOYHOCTU U €€ TMOBLIIICHUEC HeO6XOZ[I/lM0 HN3Yy4YUTb KMHETUKY POCTa yCTaJ'IOCTHOﬁ
TPEIIMHBI METOJAMHU TIPUKJIQJHOW MEXaHUKH paspyuenus. [t 3Toro B 3T0it paboTe UCIBITAHBI U TIOJyYEHbI XapaK-
TEPUCTUKU LIUKINYECKOW TPEIMHOCTOMKOCTH IIOCKUX oOpa3uax c¢ cedeHneM 10x60 MM ¢ OJJHUM KpaeBbIM Hajpe-
30M Ha YHUBEPCAJIHHOW AJIEKTPOTHIPABINYECKON MalllHe C cepBoynpaBieHreM Gupmbl «Instron» (Aurmus). M3me-
Henne CPT B 30He BO3JEHCTBHS NEperpy3KH CBUAETENLCTBYET O HEOJHOPOJHOCTH 30HBI IUIACTHYECKOH nedopma-
L[UH, BEI3BAHHOM Neperpy3koil. Ha 3amMennienre u yckopeHue pocta TPEIUHbI, MOXKHO CKa3aTh BIUSAET COOTHOLIEHUE
pa3MepoB 30H IJIaCTHYECKOH nedopMary, 00pa30BaHHBIX J0 U MOCHE MEPErpy30K, H paclpeaeieHie HaupsHKeHUH
B 3THX 30HaX, YTO OOYyCIAaBIMBACT 3aKPHITHE yCTaNOCTON TpemuHbl. {1 00bsACHEHUs! 3THX (DAaKTOPOB BO BpeMs
WCTIBITAaHUH M3MEPSUINCH 3aKPBITUS YCTATOCTHBIX TPEIINH VISl OlIpeaeneHust 3¢ GeKTUBHOroO pa3maxa kodddurnnenrta
WHTEHCUBHOCTU HamnpsbkeHUd AK.y BilnsiHue OIHOKpaTHBIX NEPErpy30K Ha 3aJ€pKKy B Pa3BUTHM YCTaJIOCTHOU
TPEIIMHBI 3aBHCUT OT CTENEHH neperpy3ku Rq. Ha ocHoBaHMM 3THX HciIen0BaHNi pa3paboTaHbl METOIBI IO3BOJISIO-
M€ OIIEHUTh 1 00OCHOBAHHO MPOJUINTD XKUBYUYECTh JETANIEH, TEM CaMbIM MTOBBICUTH HAJIS)KHOCTh MAIIHH.

KnaroueBble cnoBa: HanpspkeHHE, Ne(EKT, ycTanocTb, TPEIIMHA, CKOPOCTh POCTa YCTaJIOCTHOM TpPEIIUHBI,
K03(h(DUIIMEHT MHTEHCUBHOCTH HANPSDKEHUH, NIeperpy3Ka, )KHUBYUYECTh, HaJIe)KHOCTb.
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