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Abstract. Change of the mechanism of accumulation of fatigue

damages leads to sectional-linear description S-Niwe view and
change of functions of long life time distributionthat have two-
parametric bi-exponential distribution with logarit hmic life time.
The experimental estimations of durability mean andoot-mean-
square deviation under test condition are used ascale and
position parameters of bi-exponential distribution. One of the
advantages of this distribution is the smallest vakes of
probabilities on the left tie of density of distribution compared
with known ones.
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I. INTRODUCTION

Forecasting of design’s service life is impossibi¢hout the
estimation of life time dispersion in the work ogion. To
make this estimation is possible by results oftifsts. But the
conditions of the tests are distinct from the operal ones.
Usually it is accepted that the kind of the lifméi distribution
function is the same through the every loading lkevand
differs only in parameters of the chosen kind @& ftanction.
In design practice this parameters are estimatece$yits of
fatigue tests. After that there are supposed (uttteknown
form of S-N curve) to be determined the parametdr¢he
distribution function of the same kind for greatues of life
time (more than 1 000 min cycles). Thus frequerttig
function of distribution are chosen only from remesf good
accordance with the experimental data, without ictemation
the various nature of variability of experimentahtal at
different loading levels, caused by various mecémasi of
occurrence and accumulation of fatigue damages tiero
reasons.

In practice it is accepted that the best way taides the life
time distribution is to use the logarithmic-norrmdatribution:

lgN -a

F(N) = @{ b 1 1)

where

N — number of load cycles,

@ {e} —Laplass function,

a - expectation mean or position parameter,

b - root-mean-square deviation or scale parameter.
or Weibull distribution:
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where

N — number of load cycles,

a - position parameter,

b - scale parameter,

m-— mode parameter.
These distributions are received from  different
phenomenological models: the influence of a lot of

insignificant factors on accumulation of fatiguendeges and
the hypothesis of a weakest-link respectively [1, Qther
models have not received the wide practice, bdgibalcause
of the necessity determinate the plenty of parammetiat
considerably reduce the accuracy of their estimatio

Il. ACCUMULATION OF FATIGUE DAMAGES DIFFERSTHROUGH
THE LOADING LEVELS

However both earlier researches [3, 4] and someemod
works [5] show that the mechanism of fatigue darsage
accumulation strongly differs through the loadiagdl, so it is
necessary to describe the process of destructiorothgr
phenomenological models in desired predicted afelny
life times, which, unfortunately, cannot be conféun
experimentally due to its high duration and expesséss.
About the distinction of mechanisms of fatigue uadl
revealed during the fatigue tests it was marked[6h
Moreover, even at one loading level various medrasi of
fatigue failure of objects were found out. In tliase the
distribution of durability is characterized by thmix of
functions of distributions, usually no more than otw
distributions. This mix distribution depends, ansidered in
[7], from initial quality of researched object armn be
represented as:

FIN)=2F (N)+ Q- x)F,(N)

where

F(N) — the function of object durability distributip which
fatigue failure occurs on i- mechanism,

¥ - a share of the objects which have collapsed erfitht
mechanism.

®3)
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However such mixes of distributions should be abs
practically due to increased quality assurancerofipction. In
this case the presence of such a mix of distribsti®@) shows
that on this level of loadings one mechanism dftat failure
may transitive to another. Let’s call this pointtadnsition as
Noi. — the area of durability close tdoi cycles, where the
failure mechanism is changed — “point of changing.”

The changing from one mechanism of fatigue failtioe
another is accompanied by breaks of S-N curves
multimodality of the distribution density, non-mdooous
change of some parameters (a dispersion of fatiguability,
the functions of intensity, etc.). No one of anytlod accepted
fatigue models cannot explain and describe thesaghena
As shown in [8] the two-parametric bi-exponentiestdbution
with logarithmic life time (as the limit distribaths of maxima
extremes) suitable describes the life time underl@mading or
high reliability objects. One of the advantages tbis
distribution is the smallest values of probabittien the left
tie of density of distribution (“cycles cut-off” wiout using

the third parameter) compared with known ones [Sgel.). Bi-linear S-N- curve
One of kind of this distribution is follow: L
m \
F(N) = exp[ -exp(-—)] (@ £ 00 Y
b 2 o6
o T
0,4
where 54, —
N — number of load cycles, o
o — position parameter, 5 6 7 8 9 10 1
B — scale parameter, IgN  N(cycles)

Much smaller probabilities in the left tail of digution and a
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elt is known, that the S-N curve is described bydkpression:
5
o™ N = const ®)

or
m;lg o + 1g N = const (6)

, a

where

m — the inclination angle of the S-N curve’s sectieimear
part numbered |,

o —the loading level (stress, force, load etc.),

N —durability (number or cycles, life time etc).

More often the S-N curve (5) is described as lirfeaction
(6) with two parts (see Fig.2.) or as exponentialdm (see
Fig.3) [9].

Fig. 2. Bi-linear S-N curve

little raised on the right branch of the distrilouticorresponds

to so-called S-shaped curves of the distributioat thre -
characteristic of objects which have increasedalbdlty or exponential S-N curve
which working at a low loading level. The logaritlem 1.2
presentation of the fatigue durability allows désiag the 1
non-monotonic function of the intensity, especially 0.8
characteristic for fatigue failures [1]. 0,6 ]
0,4
- @ o2
compare of distributions = o
5 6 7 8 9 10 11
.. 05
-(z 0.4 IgN N(cycles)
g 0,3 /}’;‘\\ —e—exp
g 0,2 —=—norm Fig. 3. Exponential S-N curve
N _,./'//'// \\\‘2
S ool —e However, both in the first and in the second cali#erent
A I A T endurances areas (especially in its great valuesjiescribed

standard durability

Fig. 1 The cycles “cut-off” effect for Bi-exponésitdensity of distribution
(smaller probabilities on the left tie of the diistition)

Take the supposition that one of the proofs of ¥heious

mechanism of accumulation of fatigue is the varieaisies of
S-N curve’s parametent”.

18

usually with the extrapolation in area of greatuesl by the
same parameters. This, especially in logarithmiordinates,
leads to an appreciable error.
Ill. DETERMINATION OF PARAMETERS FORONE OF
SECTIONAL-LINEAR S-N CURVE PART

In practice, for aluminium alloys, there appliesectional-
linear S-N curve with double logarithmic coordiratéNe
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shall accept a hypothesis about the change of mesrhaof

All random variables in (8) - are stochastic indegent,

fatigue accumulation (paramet@) at the following values of therefore the following is true:

S-N curve durability.

Let's consider the following Table (values are shcas an
example for one of details of helicopter Mi-2 urfgge Fig.4.)
As it is stated above, it is inconvenient and expen to
determine experimentally a kind of the distributifumction
for long life time’s values of durability, howevéris possible
to determine changing of a population (expectatmogan and
a dispersion of the random variables in expres&on

Then we show the determination of parameters for @i

researched (constant valuesnofparameter) areas resulted. (If
it has to be shifted to another area and aftertthttie area of

operational working loads it is necessary to repleatresulted
calculations, based on changing pdgito.)
Let us assume that the kind of the S-N curves #stdllitions

functions of the durability and the fatigue limége the same

assumed sectional-linear area. It is shown [8] tFat
extrapolation of tests results in the area of asgllbadings it
is possible to take advantage of the following folam

(lg Nj —Ig Ngj) g™ oj =

- (7)
=(g Nj-lgNpj)lg"" o

where

N; ; - design’s life time undes; j loading,

m, Noi —S-N curve parameters, see Fig. 4 and Table I.

o000

Fig. 4. Sectional-linear S-N curve

Let’s sett = Ig(N/Ng) and S = lg and take the logarithm (7):

gz, =1lgz, + mlg S, —mlg S, (8)

D{lg z,} = D{lg z;} + m*D{lg S;} (9

where
D{ #}- the variable dispersion operator.

Let’s arrange the local linearization of IgS and(8) in the
area of expectation mean }{10]:

D{lg T-}ZMZVNZ{T-} (10)
J E Z{Z'j} ]
D{z;} 2

D{lg 7.} = ——— = var ¥{r, 11
{lg 7} E2r)] {z;} @y
0S.} Ig2eD{c.}  Igevari{o.}
EXs) EAS)EHo}  lg°Efo )

where

var{e} - the operator of variation coefficient,
e = 2,7183 - Napierian base.

Then use (10), (11) and (12) in (9):

m2 Ig2 evarz{a -}

varz{rj}zvarz{rj}+ (13)

g2 E{c i)
Apply the mean expectation operator to (8):
E{lg r;}=E{lg 7,} + mlg S, - mE{lg S;} 14

Changing the logarithmic operator in (14) with ecgagion
mean operator:

lg E{r;} =1g E{7;} + mlg E(S ]

(19)

TABLE |
THE SECTIONAL-LINEAR S-N CURVE DESCRIPTION ANDPARAMETERS CHANGING

Range of durabilty parametor of S- | mechanism of fgue Aceumuation s T dstibuton funcion of the
cycles c curve changed durability
up 1 min 4 1 Weibull 2)
from 1 min up 10 min 6 6 logarithmic-normal (1)
from 10 min up 100 min 8 7 logarithmic-normal ) (1
from 100 min up 1 000 min 10 8 Bi-exponential  (4)
from 1 000 min 12 9 Bi-exponential 4)
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or raising (15) to the power based 10

_ 9o ym_ m
E{zr;} = E{z X g E{GJ}) = E{z;}n. (16)
where:
g o,

- the load safety factor

Expressions (13) and (16) define the life timerdistion
function parameters of the design in operationubtoknown
loading parameters, measured in flight, and byltesd tests.

IV. PARAMETERS OFLIFE TIME FUNCTION DISTRIBUTION

Life time distribution function for designs in opgion
conditions looks like this [8]:

F (r) = exp[ — exp( - %)] (18)
where
t=IgN
N - number of load cycles,
a=Ef}-0,577P (19)

- position parameter,

~+00

I:)norm = j n [1 - I:0 (Ig N min

— o0

)

where

P.orm— NOrmative object destruction probability,

n - the quantity of the objects tested,

Nmin, - the minimal test life time,

Iy —cycle'ssafety factor in accordance with normative
object destruction probability.

Take (18) and (8) to (22), transit the changindalde
Ig N -«
y = expl —exp( - ——%) (23
B
and note the following
In 7

v = exp(—— 24
p( M ) (24)

where
M = 2,303 - the transition from natural to decimal
logarithm factor,

20

lg

A6D{r}

B = (20)

- scale parameter.
n=3,14...

Then paramete (20) describing the dispersion of the
design’s life time in operation, can be apprecidtgdesults of
tests and load measurements in operation fromédte ¢13)
and (16).

J6

~NO (21)
T

B =var{z }E{r;}

So we know the parameters of position and scale raag
determine the reciprocal distribution of life timender
operational conditions.

V.DETERMINATION OF CYCLE'S SAFETY FACTOR FORWORK
LOADS OPERATION CONDITIONS

Now, knowing the dispersion of fatigue durabilitt a
operational loadings (21), it is possible to deieemthe
necessary test time of the researched design pttapprove
the safe operation life time, confirmed with sorssuaance.
Setting normative probability of destructidh,m,, havingn
objects tested and observing the minimal operatinge
received at testbl;,, we may to address to ratio, offered in
[11]:

N mn —19 7,
[dF (g N)dF (g N, ) @
have
1
hel rn+LHI'(v +1)
o {( V)ydy = =TT @)
where
I' (¢) —gamma-function
y - changing variable (23)
Taking the known ratios [12], we will have:
n-1 v
I:)norm H ( + 1) =1 (26)
ico n-1
where
IT () — multiply operator.
Then the cycle’s safety factor is determined wt)(
ny =exp(2,303451Inv) (27)
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where
B - is determined with (21)
v - is determined with (24)

Thus, as the operation loads., the test loads; , given
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Vladislavs P. Turko. Progno#tais nogurumizturibas \ert gjums pec testu un uznerfjumu iekrauSanas rezultiem

Tiek izvirzita hipotze, ka parametra izmgis nogurumziknes gabala lirigas attloSanas gaguma ir saisttas ar noguruma b@gpmu uzké&Saras melanisma
izmaipam, kas noved pie ilgiztisas sad&@uma un robeZu funkciju veida izmam atkatba no apskama objekta pielietoSanas ekspligiias apgabala
slogojuma imeya. Bet eksperimedii noteikt sadajuma funkcijas veidu ekspluatijas slogojumu darba diapazonav iespgjams un/vai ir diezgan gti liela
laika pagrina un mateélieguldijumu cE]. Paaugstiita droSuma objektiem un/vai zemos slogojurraehos tiek piedvats izmantot dubulto eksponeailc
sadafjumu ar ilgiztutbas logaritmisko apkinu, kas ir iegts ki maksimumu sad@lims. Sadajuma stivokla un novirzes parametru risteSanai tiek pielietotas
vidgjas un vidji kvadratiskas novirzes navtejumi, kas tika iegti izméginajumu laika, neatkaigi no ilgiztuibas sad@uma veida izraginajumos. Tlak
sadaljuma novirzes un groga parametru pageniskais agkins pic nogurumaiknes gabala lirigas funkcijas ekspluatijas slogojumu apgat@lauj nowrtet
apskaima objekta ilgiztutbu. Viena no dubuit eksponendia sadaifjuma pielietoSanas priekSfbam ir iesggjas aprakst jutibas slieksni pa cikliem mazo
kvantiu joma (garangta resursa jor) bez nepiecieSaipas ievest treSo parametru, kasiski paaugstina sadalma parametru, &K af ilgizturibas (resursa)
noertéSanas preciziti, samazinoties kagam izneginajumu apjomam. Tika padits, k& pec izméginajumu rezulitiem un ekspluatija zinamiem statistiskiem
slogojuma parametriem afiinat apskaima objekta resursu, nosakot rezerves koeficientui kaitta un uzdodota bojuma koeficientu.

Baaaucnas I1.Typko. Ounenka pazgpoca ycTaa0CTHOIf 10JroBeYHOCTH B IKCIUIYaTAIHH N0 Pe3yJIbTATAM HCIBITAHUIL U 3aMepa HATPY:KeHHOCTH

INoka3aHa BO3MOXKHOCTB OLEHKH pa3dpoca YCTaIOCTHOH JONTOBEYHOCTH AN KyCOUHO-IMHEHHOTO OTOOpa’keHHs KPUBOH ycCTalocTH. BeiaBuraercs rumotesa,
YTO M3MEHEHHE IapamMeTpa M B KyCOYHO-TMHEHHOM OTOOpa)KEHMH KpPHBOM YCTaJIOCTH CBA3aHO C H3MEHEHHEM MEXaHU3Ma HAKOIUIEHHs YCTaJOCTHBIX
HOBPEXICHHIT, KOTOPOE ¢ HEOOXOAMMOCTBIO IOKHO MPHUBOJHUTH K U3MECHEHUIO BHAA (DYHKLIHUH pacnpenesicHus! TOJIrOBEYHOCTH M IPEJENIOB BBIHOCIHBOCTH B
3aBHCHMOCTH OT YPOBHSI Harpy>XEHHOCTHU JKCILTyaTallHOHHON O00JIAacTH MPHMEHEHHS pacCMaTpHUBaeMOro o0bekTa. OHAKO SKCIIEPHMEHTAIBHO ONPEIEIUTh BUJL
GyHKIMHE pacripesiencHust B pabodeM IManasoHe SKCIUIyaTAlHMOHHBIX HArPY30K HE MPEICTABISCTCS BO3MOXHBIM W/WIM 3aTPYIHHUTEIBHO B CHITY OGOJBIIMX
BPEMEHHBIX M MaTepHaibHbIX 3aTpart. [Ipearaercs /uisi OOBEKTOB MOBBILICHHON HAJEGKHOCTH H/HMIIH MPH HU3KUX YPOBHSX MX HArPY)KEHHOCTH HCIIOJNb30BATh
JIBOIHOE IOKAa3aTelIbHOE paclpefeleHnue ¢ JIOrapu(GMUIECKUM HCUYHUCICHHEM NOITOBEYHOCTH, MONIYYCHHOE KaK paclpefelicHHe MaKCHMyMOB. /s OLEHKH
napaMeTpoB TOJIOKEHHS U CABUTA PACHpENENICHUS MPUMEHSIOT OLEHKU CPEAHEr0 M CPeIHEKBAaApPATUYHOTO OTKJIOHEHHUS, MOIYyYEHHBIE NPU HCIBITAHMAX,
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HE3aBHCHMO OT BHJAQ DacHpe/eNieHHs JONTOBEYHOCTH NpU HcHbITaHusx. Jlamee mosTamHblid pacyeT MapaMeTpoB CIOBHra M Mmacmrtaba paclpeneieHHs IO
JIMHEIHO-KYCOYHOU (DYHKIIMM KPUBOI YCTalIOCTH B O0OJNACTh SKCIUTyaTallMOHHBIX HArpy30K IMO3BOJISIET OLICHHUTH JOJTOBEYHOCTh PACCMATPUBAEMOT0 OOBEKTA.
OfHUM U3 MIPEUMYLICCTB MPUMEHEHUS IBOMHOIO MOKA3aTEIbHOIO PACHPENEICHUs SBISICTCS BO3MOXKHOCTD OMHMCAHUS MOPOra YyBCTBUTEIBHOCTH 110 IIHKIIAM B
obacti ManbIX KBaHTHIIEH (00J7aCTH rapaHTHPOBAHHOTO pecypca) 6e3 HeoOXOAMMOCTH BBEICHHS TPETHErO MapaMeTpa, Y4TO 3HAYUTEILHO MOBBIIIAET TOYHOCTh
OLICHKH I1apaMETPOB PACIpPE/IEIICH s, a 3HAYUT M JOITOBEYHOCTH (pecypca) Ipu CHIKeHHH oObeMa UcrbiTanuil. [IokazaHo, Kak 10 pe3yJbTaTaM HUCIbITaHUH 1
M3BECTHBIX B 9KCIUTyaTallMU CTAaTUCTUYECKHUX APaMETPOB HATPY>KEHHOCTH PAaCCYUTATh PECYPC paccMaTpuBaeMoro 00beKTa, onpeaensis Ko QuiueHT 3amnaca no
LUKJIaM U 33]aBasi TpeOyeMyI0 BEpOSITHOCTb €T0 pa3pyIICHHs.
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