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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.¢. 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.

1. 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.

2. 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
elekrogidravlicheskoy company «Instron» (England).
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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 | of a growing fatigue crack and the
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 dl / 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:

ido
R, = —Kma" =15
K

max

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).

a) b)

a) before the overload b) after overload

Figure 2: The top of the fatigue crack
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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).

Figure 3. Formation of a new fatigue crack one of the branches

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
associated 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.

3. 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. Caiinyanaesa, H.C. Taraes, /I.T. [1azbr10Ba, A.O.KaaukyJjoBa
M.0O.Oye30B atsiHaarsl OHTyCTiK Kasakcran MemnekeTTik yHuBepcuteTi, LIIBIMKEHT Kanachl
BIPPETTI APTBIK )KYKTEMEHIH IHAPHIAY CBI3BATTBIH JAMYbIHA 9CEPI
AnHoTtanusi. byn makanmazna 6ippeTi apThIK JKYKTEMEHIH HIapIiay ChI3aThIHBIH ©CYy JKbUIIAMJIBIFbl KHHETHKA-

ceiHa ocepi (ILICXK) xoHe mieTTik oibIFbl Oap jka3blK 0OJAT yirijepie Hiapiiay Chl3aTTapbIHbIH OCYIH TEXEHTIH
ce0enTep/Ii 3epTTey HOTHKEIEPl KeNTIpiireH.

—— 4 ——
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KonpmanynpiH anramikel Ke3eHAEpiHIE KepHey MEH akayliapJblH KOHLCHTPALMSACHl OpbIH alFaHAa LIapliay
CBI3AaTTaphbl TYBIHAAYBl MYMKIH €KeHi Oenrimi. bysr €3 ke3eriHme KOHCTPYKLHS SIIEMEHTTEpiHIH MIapiiayra Keaepri
cHUIIaTTaMallapblH TOMEHICTE .

MyHpail xaraainapia, OpIKTUIIK MoceleNiepiH ISy OHEe OHbl apTThIPY YLIH OY3bUIy/ABIH KOJAaHOAbI
MEXaHHMKa 9[iCTepiH KOJJaHBII, IIapliay ChI3aThIHBIH 6Cy KMHETHKAchlH 3epTTey KaxeT. Ockl MakcarTa «Instron»
(upmachiHbIH (AHMIHS) cepBobackapysl 0ap omOedan 31eKTPOrHIPaBIMKANbIK MalllnHaaa Oip IIETTIK OWbIFbI Oap
kumachl 10x60 MM >ka3bIK YATUIEpIIH HUKIJIIK ChI3aTKa TO3IMAUIIK cHIlaTTaMallaphbl ChIHAJBIN abIHABL. JKykTeMeHiH
acep ety aymarbiaa [IICXK esrepici apThIK )KYKTeMe Maia €TKeH IIACTHKAJIBIK 1e(OpMalns aiiMarbIHbIH OepPTEKTI
emecTirid kepceteni. Chl3aTTap/blH 6CYiHIH TEXeINyi XKoHE JKe/IeNIeTyiHe apThIK KYKTeMeNepIieH JeliH jKoHe KeiliH
naiiga OoJIFaH IUIACTHKANBIK Jedopmanus ailMakrapbl MeJIIEpiHiH KaThIHACKI MEH OCHI aliMaKTap/a KepHeyJIepIiH
Tapanybl ocepin Turizeni. Ocbl dakTopiapabl TYCIHIIpY YIIH cbiHaK Ke3iHne AKys KepHeyliep MHTEHCHBTLIIK
K03(h(pUIMEHTIHIH S PEKTUBTI KAPKBIHIBIFBIH aHBIKTAY YIIiH IIapIiay chl3aTTapbIHbIH XKa0buTybl emreHi. bipperri
apTHIK )KYKTEMEHIH [IapIiay ChI3aThIHBIH JaMybIH TeXEUTIH ocepi Rq apThIK )XyKTeMe IapexeciHe Toyesi.

Ocel 3epTTeyJlepAiH HETi3iHIe MaIlMHaJap CEHIMIUITIH apTTBIpyFa OCepiH THTI3ETiH, OeJIIeKTepIiy
eMipIIeHAIriH Oaranar, y3apTyFa MYMKIHIIK OepeTiH oicTep 93ipIaeH]Ii.

Tipex ce3aep: kepHey, axay, lapiuay, cbl3aT, MIaplIay ChI3ATHIHBIH ©CY KbUIIaMIBIFbI, KEPHEYJIEpIiH HHTCH-
CHUBTIITIK JOPEKEC], apTHIK JKYKTEME, OMIPIICHIIK, CCHIMILTIK.

YK 539.4: 620.19
H.C. CaiigyanaeBa, H.C. Taraes, /I.T. [1azbri0Ba, A.O. KanukynoBa
IOxHo0-Kazaxcranckuii ['ocygapctBennsli YHuBepcureT uMeHr M.O.Ay330Ba, r.11IsMkeHT

BJIUSAHUE OJJTHOKPATHOM NEPEI'PY3KH
HA PASBUTHUE YCTAJTOCTHOMU TPEIIIUHBI

AnHotanusi. B 3Toif paboTe mpuBEACHHI Pe3yNbTaThl MCCICNOBAHUH 10 M3YyYCHHIO BIUSHUH OJHOKPAaTHOH
Heperpy3Kd Ha KMHETHUKY CKOpOCTH pocTta ycranocTHod TpemuHbl (CPT), u nmpuuuHEI NPUBOAAIINX K 3alEpPKKE
POCTa YCTAJOCTHBIX TPEIIUH Ha IUNIOCKUX CTAIBHBIX 00pa3Iax ¢ KpacBbIM HaIPE30M.

Kaxk u3BecTHO, 4TO NPH HAJTMYUU KOHLEHTPALMH HAIPSDKEHUH U 1e(DeKTOB B TAKUX CIyYasix MOI'YT BOSHHKHYTb
YCTAJIOCTHBIC TPCUIMHBI Ha PaHHUX CTaAWAX OKCIUTyaTalliu, 4YTO CHUXXACT XapaKTCPUCTHUKU CONPOTUBJICHUA
YCTaJIOCTH 3IEMEHTOB KOHCTPYKI[HH.

B s1ux cnmyvasx, [ pemeHus npodieM IMPOYHOCTH U ee MOBBINIEHHE HEOOX0ANMO M3YUUTh KUHETHKY POCTa
YCTAJIOCTHOM TpPEIIMHBI METOJAaMM IPHKIJIAJHON MEXaHWKU paspymeHus. Jliast 3Toro B 3Toi paboTe HCIBITaHBI U
MOJTYYCHBI XapaKTEPUCTHKH IUKIMYECKONW TPEIIMHOCTOWKOCTH TUIOCKHX oOpasnax ¢ cedenueM 10x60 MM ¢ ogHUM
KpaeBbIM HaJpe30M Ha YHHBEPCAIBHOM IIEKTPOTHIAPABINYECKON MaIIMHE C CEpBOYIIpaBIeHHEM (GUPMbI «Instrony
(Arrmums). Msmenenne CPT B 30He BO3IEHCTBHS MEperpy3Kd CBHACTEIECTBYET O HEOJHOPOTHOCTH 30HBI ILIAC-
THYeCKOl nedopManny, BRI3BAHHOW Ieperpy3koil. Ha 3amemienne u yCKopeHHe pocTa TPEIIUHBI, MOKHO CKa3aTb
BIIMSIET COOTHOLICHHE Pa3MEepOB 30H IUIACTHYECKOHl nedopManuy, oOpa3oBaHHBIX OO M IOCHE INEPerpy3oK, U
pacIpeeneHe HalpsHKEHUH B 3THX 30HAX, YTO 0O0YCJIABIMBACT 3aKPBITHE yCTANOCTOHN TpemuHeL. [ 00bICHEHUs
3TUX (HaKTOPOB BO BpeMs HCIBITAaHWI M3MEPSsUINCh 3aKPBITHSA YCTAJOCTHBIX TPELIMH Ul ompexaesieHus 3¢ ¢ex-
TUBHOTO pasmaxa koddduimeHra uHTeHCHBHOCTH HampsbkeHuit AKer BrmsHue OIHOKpaTHBIX mHeperpy3ok Ha
3a[EP>KKY B Pa3BUTHU YCTAJIOCTHOM TPELIMHBI 3aBUCHUT OT CTETIEHH Meperpys3ku Rq.

Ha ocHoBaHuu 3tHX I/ICHe}IOBaHI/lﬁ pa3pa60TaH1)1 METOAbI IMO3BOJAOINIMEC OLCHUTH U OGOCHOBaHHO MpOJAJINTh
KUBYYECTH z[eTanei&, TEM CaMbIM ITIOBBICUTH HAACKHOCTh MAllIUH.

KitroueBble cioBa: HanpspkeHHE, Ie(EeKT, yCTalloCTh, TPEIIMHA, CKOPOCTh POCTa YCTAIIOCTHOM TpPEIIMHBI,
K03(h(pUIIMEHT MHTEHCUBHOCTH HANPSDKEHUH, IIeperpy3Ka, KHUBYUYECTh, HaJIe)KHOCTb.
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