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ESTIMATING OF DURABILITY INDEXES OF STRUCTURAL ELEMENTS
BASED ON IDENTIFICATION OF THEIR DETERMINISTIC PROPERTIES

Durability indexes are presented as a consequence of some deterministic properties inherent in the system
and (or) their elements, and it is proposed to determine the durability indexes on the basis of analysis of
these properties. The most important for estimating the durability are properties related to the lifetime,
and the deterministic properties basic for determining the indexes of durability, can be represented by
the function of the dependence of the lifetime on the parameter defining the operational conditions.
Estimating the durability indexes is reduced to identification of the deterministic properties representing
the dependence of the lifetime on the parameter defining the operational conditions. An example of
estimating the durability of pipes of superheaters of steam boilers demonstrates the proposed approaches
with relatively less complexities. This particular example shows that deterministic properties can have
a significant influencing on the durability due to significant differences between the density function of
the parameter defining the operational conditions and the density function of the lifetime. The proposed
approaches can be recommended for use to estimate the durability indexes of unique technical systems,
such as high-power steam boilers and nuclear power reactors, which are usually manufactured in single
batches, as well as to estimate the durability indexes of any systems at the stage of their development in
order to compare the durability of different constructions.
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Introduction. Durability is considered tradi-
tionally on the basis of notions about probability,
which is in good agreement with a number of engi-
neering systems produced in large amounts, but at
the same time it generates significant methodologi-
cal limitations and contradictions when considering
unique systems that are produced in single amounts
and have different, in fact, unique modes of oper-
ation. The durability is one of principal properties
defining the competitiveness of technical systems,
and corresponded scientific problems are of current
interest at present. For example, the interest to dura-
bility problems of gears is due to the newest applica-
tions in the jet engines with higher temperatures [1],
in the wind generators [2] with extreme loading and
low weight requirements. The durability problems
are researched now also for traditional thermal [3]
and nuclear [4] power plants, for future generations

of fusion reactors [5], as well as for green power in-
cluding solar power plants [6].

It is possible to see that the most studies are based
on some common approaches but they are not discussed.
The purpose of this article is to show relations of dura-
bility indexes and deterministic properties of structural
elements, and to reduce durability estimation to identifi-
cation of principal properties of the structural elements.

Typical durability indexes and main difficulties
of their estimating. It is well-known [7] that points
of view on the durability are based on the notion
about probability. For example, the most widely used
durability indexes are as follows [7]:

MTTF = [ f (" )dt'; (1)
{r(e)ar ==, @)
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where MTTF (mean time to failure) is the mathema-
tical expectation of the lifetime; B, is the operating
time during which the limiting state (failure) will be
achieved with the probability value X in percentile; 7" is
the lifetime and f () is the lifetime’s density function.

The notion about the probability supposes the pos-
sibility of large number realizations of a researched
phenomenon. This is in a good agreement with engi-
neering systems that are made in large amounts. At
the same time, such approach has a lot of significant
methodological limitations and contradictions for
estimating the durability indexes of unique systems
which are made in single amounts.

Estimating durability as the result of determi-
nistic properties. The durability indexes are the con-
sequence of some properties inherent to the system or
the element and it is naturally to define the durability
indexes on the basis of analysis of these properties.
To formulate these properties let us consider some
parameter { defining the operational conditions like
temperature, pressure and other similar ones. The life-
time ¢ depends on the parameter { and this depen-
dence is deterministic. Really, the lifetime is changed
exactly corresponding with changing the operating
temperature, the pressure. Thus, the principled for the
lifetime deterministic properties can be represented
by the function:

£=10). (3)

The natural occurrence of unexpected influences
makes it possible to imagine the operational condi-
tions as including the random items so that the para-
meter { can be imagined as the random variable, and
the function (3) can be imagined as the function of
one random variable. Let us denote ¢({) as the density
function of the parameter { and let us use the result
from the theory of probability [8]:

. | d
7()o(6( )|
where € = C(t*) is the inverse to the function (3).

The density function (4) is defined not only by
the density function ¢({), but also by the determin-
istic properties (3). Thus, due to the relations (1)—(4)
defining the durability indexes is reduced to identifi-
cation of the deterministic properties represented in
the form (3). It is also necessary to have estimations
about the density function @((), but the well-known in
the theory of probability density functions can be used.
The operational conditions can be defined by the seve-
ral parameters, but this case is similar to the case (3),
(4) in principle and it requires only more complicated
mathematical representations of the relation (4). Such
approach was used for estimating the durability in-
dexes of heat exchanging pipes in the steam generators
of the nuclear power plants considering with the stress
corrosion cracking [9].

Example of using the proposed approach. Con-
structing the function (3) is actually the difficult task

: “)
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and can require solving the complicated mathematical
problems [10]. Let us present the example about esti-
mating the durability for the pipes of superheaters of
steam boilers showing the proposed approaches with
relatively smaller complications. The pipes of the su-
perheater are damaged due to the high-temperature
corrosion, and the limiting state of the pipes is defined
by decreasing their thickness. Let us use the results
from the theory of elasticity [11] and the condition of
the pipe’s strength:

2p + Ea ! + !
I-p; 2np,

where p = 25 MPa is the internal pressure; p, iS
the ratio between the internal and the external radii;
E=160 GPa, 0.=18.5-10° K" and [s] = 110 MPa are
the Young module, the thermal expansion coeffi-
cient and the permissible stress of the structural
material, respectively; AT = 10 K is the difference
between the temperatures on the external and in-
ternal surfaces.
From the condition (5) we can find:

Kﬁb—a/[pl], (6)

where k is the depth of the corrosive damaging; a = 14 mm
and » =21 mm are the internal and external radii; [p,] is
the maximal value satisfying the condition (5).

The dependence of the depth of the corrosive da-
maging on the time is researched and in the case of
burning the fuel oils for example it can be represented
as [12]:

lg(x)=2.226 - 7,450/ T +(1.0+0.234-10°T)1gt, (7)

jAT <[c]. 5

where T is the operational temperature of the corro-
sive medium, K; ¢ is the time, h.

Inequation (6) and the relation (7) make it pos-
sible to represent the lifetime as follows:

lg(b-af[p])= g
=2.226-7,450/T + (1.0 +0.234- 10’3T)1gt*. ®)
Not complicated resolving of the condition (8)
makes it possible to find the function (3) analytically
so that the parameter { will be corresponding to the
temperature:
=T €
Atthe same time, it is necessary to have the inverse
of function (3), but it cannot be obtained analytically
for the function (3) defined through the condition (8).
Instead the analytical function defined through the
condition (8), it is proposed to use the approximation

of this function:

(T)=A-Tv, (10)
where A and ¢ are the especially defined numerical
parameters.

The least square method makes it possible to find
the A and ¢ parameters in the approximation (10) for
the function defined by the condition (8) so that:

g =18.6056865; A=1.31862-10° h-K«. (11)
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Figure 1 a shows that the approximation (10), (11)
in a very good agreement with the analytically defined
function, but it makes it possible to find the inverse
function:

(") = Al (£) ', (12)

Considering further, the density function of the ope-
rational temperature is corresponded to the uniform dis-
tribution (see Figure 1 b):

-1
T.-T.) T .<T<T_,
(P(T) = {( max min ) min max

13
0, T, <T<T (13)

where 7., =813 K and 7}, = 933 K are the minimal
and maximal possible operational temperatures.

The inverse function (12) and the density function
(13) after transformations considering with the re-
lation (9) and the formula (4) will make it possible
to have the result:

-1 RN L ok
f(t*): (T;nax_Tmin) al/qq 1,([) , 1St Stmax,(l4)
0, Lo>t>t
where = a-(T,,,) “and ¢, = a-(T,;,)
The density function (14) is presented on
the Figure 2 a. Using the result (14), let us define
the durability index (1):

MTTF = 116,700 h. (15)

The B, lifetime (2) is presented on the Figure 2 b.

Conclusion. The generalized idea and the tech-
nique of using the approaches for estimating the du-
rability indexes on the basis of identification the deter-
ministic properties of the considered systems and (or)
their elements are fully presented. Due to this research
the following affirmations are substantiated.

The most principal for estimating the durability
are the properties about the lifetime, and the principled
for the lifetime deterministic properties can be repre-
sented by the function of dependence of the lifetime
on the parameter defining the operational conditions.
Defining the durability indexes is reduced to identifi-
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Figure 1 — Computed points (markers) and approximation (curve)
of dependence of the lifetime on the operational temperature (a)
as well as the density function (b) of the operational temperature
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Figure 2 — Density function of the lifetime (a)
and the B, lifetime (b)
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cation the deterministic properties of dependence of
the lifetime on the parameter defining the operational
conditions.

In the particular example, it is shown that the de-
terministic properties can have the significant influ-
encing on the durability indexes due to the signi-
ficant differences between the density function of
the parameter defining the operational conditions and
the density function of the lifetime.
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OLIEHKA NOKASATEJIEN J,O0JITOBEYHOCTU 3JIEMEHTOB
KOHCTPYKLUWUA HA OCHOBE MAEHTUDUKALIUN
UX AETEPMWUHUPOBAHHbIX CBOMCTB

Tloxazamenu 0o1208e4HOCIU NPEOCMABIAIOMCA KAK CIEOCMBUSL HEKOMOPbIX CEOUCME, NPUCYWUX CUCTHEME
u (unu) ux anemenmanm. Ilpeonooiceno onpedename nokazamenu 001208€YHOCNU HA OCHOBE AHANU3A IMUX
ceoticme. Haubonee easicuvimu 015 0yeHKU 00NI208eUHOCMU AGNAIOMCA C8OUCNEA, OMHOCAUUECS K PecypCy,
U 0CHOBHbIE 0715 onpeoeietus noxkasameinel 001208eYHOCU 0eMepMUHUPOBAHHbIE CEOUCMEA MO2YM ObIMb
npedcmasiensvt GyHKyuell 3a6UCUMOCINU Pecypca om napamempd, onpeoeisiioujeco Ycao8us IKCHIYama-
yuu. Onpedenenue noxazameinei 001208€4HOCNU CBOOUMCS K BblAGIEHUIO 0eMEPMUHUPOBAHHBIX CEOLICE
3a8ucumMocmu pecypca om napamempd, onpeoensaiowie2o ycaiogus skcnayamayuu. Paccmompen npumep
oyeHKu doneoseyHocm mpyo naponepezpesamerneti NApOBLIX KOMI08, 0eMOHCMPUPYIOWULL npednazaembvie
N00X00bl ¢ OMHOCUMENLHO MEHLUUMU CLOACHOCAMYU. B dmom Konkpemuom npumepe noxkasamo, ymo oe-
MePpMUHUPOBAHHbIE CBOUCMEA MO2YM UMENb 3HAYUMENbHOE GUAHUE HA NOKA3ameny 00I208eUHOCU U3-
34 3HAUUMENbHBIX PA3IUYULL MedHcOy NIOMHOCMbIO pacnpeoenenus napamempa, onpeoeisioue2o yCiosl
IKCHnAyamayuy, U niomHocmulo pacnpeoeienus pecypca. Ilpeonodcennvie n00Xo0bl Mo2ym Obins pexo-
MEHOO0BAHbBL K UCNONL30BAHUIO Ol OYEHKU nokazameinel 001208e4YHOCIU YHUKAIbHBIX MEXHUYECKUX CU-
cmem, maKux KaxK napogvle Komivl 601bULOU MOWHOCMU U 0epHble IHep2emuyecKie peakmopbl, KOmopbie
00bIYHO U320MABIUBAIOMCS COUHUYHBIMU NAPMUAMU, A MAKJice OJi OYeHKU noxasamenel 001208e4HOCU
M06bIX cucmeM HA cmaouu ux paspadbomxu, 4mobdvl CpagHUMb 00NC08EYHOCL PAZIUUHBIX 8APUAHNOB
KOHCMPYKYUU.

Knrouesvie cnosa: oemepmunupogannvle ce0UCMEd, udenmu@ukayus, 001208€4HOCHb, DPACHEMHAS.
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