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Abstract. The article considers a task related to the general approach to
determining the random error in determining the endurance limit by accelerated
methods.

Based on the conducted analysis, it was shown that in the calculation of the
accuracy of accelerated methods for determining the endurance limit, it is necessary to
separately determine the systematic and random components of the total error.

It was also proposed to determine the random error of accelerated methods for
determining the endurance limit using a general statistical approach. At the same time, it
is proposed to find the accuracy of the assessment of the endurance limit itself, depending
on the specific test scheme of one or another accelerated method.
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Hayionanvnuii ynieepcumem «Ooecoka nonimexHika»

Anomayia. Y cmammi po3eisiHymo 3a80aHHA, NO8'A3aHe 13 3A2ATbHUM
nioxo0omM 00 BUBHAYEHMS BUNAOKOB0I NOXUOKU BUSHAYEHHS ZPAHUYL 6UMPUBALOCHT
NPUCKOPEHUMU MEMOOAMU.

Ha ocnosi npogedenozo amnanizy 0yio noxazamo, wjo npu po3paxyHKOGIi
OYIHYI MOUYHOCMI NPUCKOPEHUX MemOOi6 SUHAYEHHS 2PAHUYI SUMPUBALOCMI HeoD-
XIOHO OKpeMO GU3HAYAMU CUCMEMAMUYHY Ma 6UNAOKO8Y CKIA008Y 3a2aNbHOL
NOXUOKU.

Takooc 610 3aNpONOHOBAHO BUNAOKOBY NOXUOKY HPUCKOPEHUX Memooie
BU3HAYEHHA 2PAHUYL BUMPUBATIOCII USHAYAMU 3d 0ONOMO2010 342a1bH020 CMAMIUC-
MUYHO020 NiOX00y. ¥ ybomy mouHicmb OYIHKU O0e3n0CePeOHbo PAHUYL 6UMPUBALOCI
3aNPONOHOBAHO 3HAXOOUMU 3ANENCHO IO KOHKPEemHOI cxemu Gunpodysanv miei uu
IHWOT NPUCKOPEHO20 MemO0).

Knwuoei cnosa: npuckopeni 6unpo6yeamms, cucmemMamuunda, 6unadkosa ma
302a1bHA ROXUOKA OYIHKU 2PAHUYT BUMPUBATIOCTII.

Introduction. In the experimental assessment of the accuracy of methods for
accelerated determination of the endurance limit, their errors are evaluated by comparing
the results of accelerated and long-term tests. In the case of its calculated determination,
the systematic and random components of the total error are considered separately [1]. It
should be borne in mind that the random error in assessing the endurance limit by

54



BICHUK HERALD

OJIECBKOI'O HAIIOHAJIBHOI'O OF THE ODESSA NATIONAL
MOPCBKOI'O YHIBEPCUTETY MARITIME UNIVERSITY
Ne 1 (67), 2022 Ne 1 (67), 2022

accelerated methods will depend on the number of tested objects (samples, models, parts,
structural elements), their geometric and strength characteristics, conditions and modes of
the experiment, and so on. At the same time, their systematic error will be associated with
the initial assumptions (using hypotheses, assumptions, and so on). For example, the
Lokati method [2] uses the linear hypothesis of fatigue damage summation and
conditionals fatigue curves of various failure probabilities. As is known, the sum of
accumulated fatigue damage can significantly differ from unity depending on a number of
factors, for example, on the test modes [3]. As for the conditionals of fatigue curves, they
are built on the basis of data obtained from testing other (analogous) objects. These data
in each case depend mainly on the number of objects tested, and therefore may differ
significantly.

The above example shows that the approach to assessing the accuracy of
accelerated methods, based on a separate assessment of the systematic and random errors,
is relevant and requires further development.

This article considers a task related to the general approach to determining the
random error of accelerated methods for determining the endurance limit. This error is
due to a number of factors, the main among which are:

— inaccuracy of determining the rated voltages;

— inaccuracy of determining the number of loading cycles to failure or operating
time at a separate stage (under stepped loading);

— loading frequency fluctuations;

— temperature;

— fluctuations in the composition of the environment;

— the presence of oscillatory processes or inertial influences;

— instability of the geometric characteristics of test objects;

— non-compliance with the technology of manufacturing objects of test ;

— instability of the chemical composition and structure of the material of the
tested objects;

— the presence on the surface of the test objects of various kinds of pollution,
oxides, and so on.

The random error of accelerated methods, as noted above, depends on the number
of tested objects and their scattering characteristics, and therefore can be determined
using a statistical approach.

The purpose of the article is to develop and substantiate a general approach to
assessing the random error of methods for the accelerated determination of the endurance
limit.

Presentation of the main material. When determining the sample volume of
objects to ensure the required accuracy, one should proceed from the purpose of the
experiment. So, if its purpose is to estimate the mathematical expectation, then the sample
size n can be determined by the formula [4]
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where Va — the coefficient of variation of the determined characteristic of fatigue
resistance;

A 4 — the maximum relative error in estimating the average value of the
characteristic being determined;

Zl—q /2 - quantile of the level P=1-q/2 of normalized normally distributed
random variable;

P=1-0/2 - statistical reliability, which is the probability of not exceeding the
actual error when estimating the average value of the maximum errors characteristic A a
or O 4 modulo;

0 4 — the maximum relative error in estimating the mean value of the quadratic

deviation of the corresponding fatigue resistance characteristic.
When testing with increasing load, the characteristic to be determined is the

breaking stress G, . In this case, formulas (1) and (2) will take the form, respectively:
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Using dependence (3), we will establish a relationship between the number of
tested objects # and the random error in the magnitude of the breaking stress G » during

testing with an increasing load. To do this, consider an example using an approach based
on virtual simulation of fatigue tests.
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To carry out the calculation, we will accept the normal law of distribution of the
endurance limit. Then, by the method of generating random numbers, we determine the
scattering of ten of its values relative to the average, equal to 200 MPa. Let us calculate

the breaking stress G » for the rate of load increase o =300 Pa/cycle. To do this, we

use the formula of the unified Weibull equation with constant parameters

6,=06p+V2-10"-a. 5)

p

We will also assume that the load acting on the objects is normal [5].

These values are chosen based on the fact that the rate of 300 Pa/cycleis close
to the maximum loading rate, and at the same time, it guarantees the destruction of
objects in the high-cycle fatigue area [6]. At the same time, the fatigue limit equal to 200
MPa corresponds to the case when the design breaking stresses depend least of all on the
chosen model of the fatigue curve and the relationship of its parameters with the fatigue
limit.

Results of calculation of values of breaking stresses O P> their of root mean
square deviation S o, coefficient of variation Vc’p , as well as the number of objects 7

at several values of the maximum relative error A o . are given in Table.
p

Table
Calculated values of quantities G, Sc’p’ Vc’p and n
nat(qg=0.10-z_,, = z,95 =1.645)
Gr> | Op> Scp 4 Bop = Ao = Aoy = Aop = Ay =
MPa | MPa | Mpa| 7 |=02ep=| =04V, =| =06V, = | =08V, =| =107, 1
=0.011 =0.022 =0.033 =0.044 =0.055
172,0 | 249,5
187,1 | 264,6
191,3 | 268,7
193,6 | 271,1
197,0 | 274,4
: — 11
197.0 [ 274.5] 10| 0055 | 8(7.36) | 4(3,68) | 3(2:45) | 2(1.84) | 2(1.47)
200,2 | 277,6
202,5 | 280,0
207,2 | 284,6
211,0 | 2884
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Table shows in parentheses the calculated values of the number of samples.
Rounding of these values to integers is carried out in all cases upwards.

The values AG P S

dations according to the formulas [4]

Gp and Vcy p were determined according to the recommen-

A, =(02..1.0)75,. (6)
— 1 u oy 2
5oy =i 5o v
N
v, =—k. ®)
p Gp

According to Table, we build a graph of dependency Ac’p (n)

Breaking stress G, is most often used as an experimental parameter in the

p
accelerated determination of the endurance limit. However, there are accelerated
methods, in which that use other and characteristics, for example, the summary fatigue
life before destruction under an increasing load or the fatigue life under a stationary load
[7]. In these cases, formulas (6)+(8) remain valid.

Shown in Figure dependency Ac’p n), is general in nature, and does not apply

to any specific accelerated method. It allows estimation of the random error of
accelerated methods based on tests with increasing loading. At the same time, for each of
them, it is necessary to carry out a calculation in which the random error in the
assessment of the breaking stress will be linked to the random error in the endurance limit
for a specific experimental scheme.

Conclusions

1. When estimated estimate the accuracy of accelerated methods for
determining the endurance limit, it is advisable to separately determine the systematic and
random components of the total error.

2. The random error of the accelerated methods for determining the endurance
limit can be defined using a general statistical approach.
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Figure. Dependence of the maximum relative error A o) in at estimating the average

value of the breaking stress G, on the number of tested objects n

p

REFERENCES

1. Konoplev, A.V., Kurochkina, S.V. Opredelenie sistematicheskoy i sluchaynoy
pogreshnosti  metoda uskorennogo opredeleniya predela vynoslivosti
[Determination of the systematic and random error of the method for the
accelerated determination of the endurance limit]. Problemy tekhiky. 2015.
MNe 4. 8. 102-107.

2. Oleinik, N.V., Sklyar, S.P. Uskorennie ispitaniya na ustalost [Accelerated
Fatigue Tests]. monograph. Kiev: Naukova dumka, 1985. 304 s.

3. Collinz, Dzh. Povrezhdenie materialov v konstruktsiyakh. Analis.
Predskazanie. Predotvrashchenie [Damage to materials in structures.
Analysis. Prediction. Prevention]. monograph. Moskva: Mir, 1984. 624 s.

4. Stepnov, M.N. Statisticheskie metodi obrabotki rezultatov mechanicheskih
ispitaniy [Statistical methods for processing the results of mechanical tests].
spravochik. Moskva: Mashinostroenie, 1985. 232 s.

59



BICHUK HERALD

OJIECBKOI'O HAIIOHAJIBHOI'O OF THE ODESSA NATIONAL
MOPCBKOI'O YHIBEPCUTETY MARITIME UNIVERSITY
Ne 1 (67), 2022 Ne 1 (67), 2022

5. Konoplev, A.V., Grechenko, P.I, Cheredarchuk, N.I., Halevskyi, V.V.,
Sologub, V.O., Rozhko, E.K., Kononova, O.N. Sravnitelnaya kosvennaya
otsenka predelov vynoslivosti detaley po rezultatam ih ispytaniy s
vozrastayushey nagruzkoj [Comparative indirect assessment of the
endurance limits of parts based on the results of their tests with increasing
load]. Visnik ONMU. Vip. 3(60). 2019. S. 70-80.

6. Konoplev, A.V., Cheredarchuk, N.I, Halevskyi, V.V., Kononova, O.N.,
Rozhko, EK., Sologub, V.O. Opredelenie predelnykh skorostey rosta
amplitudy napryazheniy pri uskorennykh ispytaniyakh detaley mashin na
soprotivlenie ustalosti [Determination of the limiting rates of stress
amplitude growth in accelerated tests of machine parts for fatigue
resistance]. Visnik ONMU. Vip. 3(60). 2019. S. 59-69.

7. Konoplev, A.V., Kibakov, A. H., Kononova, O.N., Rozhko, E.K. Ispolzovanie
dolhovechnosti do razrusheniya v kachestve osnovnoy characteristiki pri
provedenii sravnitelnykh ispytaniy na soprotivienie ustalosti. Perspektyvni
tekhologii dlya zabespechennya bezpeki ta dovholittya liudyny [Use of
durability to failure as the main characteristic in comparative of fatigue
resistance testing. Promising technologies for ensure the safety of life and
human longevity]. Tezy dopovidei pershoi mizhnarodnoi naukovo-
tekhnichnoi konferentsii (24-25 travnya 2018 r): Odesa, 2018. S. 48-52.

CIIUCOK JIMTEPATYPbBI

1. Kononnée A.B., Kypouxuna C.B., Hopeaués B.J]. Onpedenenue cucmemamu-
YecKol U CAYYAUHOU NOSPEUWHOCHU Memodd YCKOPEHHO20 Onpeoeienus
npedena evinocausocmu. Ipobnemu mexnixu. 2015. Ne 4. C. 102-107.

2. Oneunux H.B., Crkaap C.II Ycxkopenuvie ucnelmanuss HA YCmMaiocmb.
monoepagus. Kues: Hayxosa. oymxa, 1985. 304 c.

3. Konnunz Joc. Ilospesicoenue mamepuanog 6 KOHCMpyKyusax. Ananu3.
Ilpeockazanue. Ilpedomspawenue. monoepagus. Mockea: Mup, 1984. 624 c.

4. Cmennos M.H. Cmamucmuueckue memoovl 00pabomku pe3yibmamos
Mexanuueckux ucnvlmanuil. cnpasoynux. Mockea: Mawunocmpoenue, 1985.
232 c¢.

5. Komnonnes A.B., I'peuenxo I1.HU., Yepeoapuyx H.U., I'anescxuii B.B., Conozyd
B.O., Poocrxo E.K., Kononosa O.H. CpasnHumenvhas KOCEeHHAS OYeHKA
npeoenog BbIHOCIUBOCU Oemdnell No pe3yibmamam ux UCHbIMAHUL ¢
sospacmaroujeli Haepysxou. Bicnux OHMY. Bun. 3(60). 2019. C. 70-80.

60



BICHUK HERALD

OJIECBKOI'O HAIIOHAJIBHOI'O OF THE ODESSA NATIONAL
MOPCBKOI'O YHIBEPCUTETY MARITIME UNIVERSITY
Ne 1 (67), 2022 Ne 1 (67), 2022

6. Kononnee A.B., Yepedapuyx H.U., [anesckuii B.B., Kownonosa O.H.,
Pooicko E.K., Conoey6 B.O. Onpedenenue npedeibhblx CKOpOCmel pocma
AMNAUMYObl HANPSIICEHUT NPU YCKOPEHHBIX UCTBIMANUSAX Oemaell MAWUH Ha
conpomuenenue ycmanocmu. Bicnuxk OHMY. Bun. 3(60). 2019. C. 59-69.

7. Komnonnés A.B., Kubaxoe A.I"., Kononosa O.H., Poxcxo E. K. Hcnonvzoeanue
0051206e4HOCIU 00 pA3PYULEHUS 8 KAYecee 0CHOBHOU XAPAKMEPUCTIUKY npU
NpoGedeHUU CPAGHUMENbHBIX UCNLIMAHUL HA CONPOMUGIEHUe YCMATOCHIU.
IHepcnexmusni mexunonozii 0nst 3abe3nevents Ge3nexu HCUmmeoisibHOCI
ma odoseonimms aoounu: Tesu donosioei neputoi MIDCHAPOOHOI HAYKOBO-
mexHiunoi konpepenyii (24-25 mpaeus 2018 p): Ooeca, 2018. C. 48-52.

Cmamms naditiwna 00 peoakyii 13.12.2021

IMocunannua Ha crarrio: Konomier A.B., Kibakop O.I'., KononoBa O.M.,
Jiokpe JL.IT., BoBk B.B. Orinka BUMaJKOBOi MOXWOKH METOIIB HPHUCKOPEHOTO BHU3HAYEHHS
rpanuii BuTpuBaiocti / BicHuk OJechbKOro HaI[iOHAJIEHOTO MOPCHKOTO YHIBEpCHTETY: 30. HayK.
npaip, 2022. Ne 1(67). C. 53-61. DOI 10.47049/ 2226-1893-2022-1-53-61.

Article received 13.12.2021

Reference a JournalArtic: Konoplev A., Kibakov O., Kononova O., Dukre L.,
Vovk V. Evaluation of the random error of the methods of accelerated determination of
the endurance limit // Herald of the Odessa national maritime university. 2022. Ne 1(67). 53-61.
DOI 10.47049/ 2226-1893-2022-1-53-61.

61



