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Summary. The techniques of modeling of continual fracture process for space circular and
prismatic bodies under long-term static or cyclic force loading condition and some results of
determination of responsible parts lifetime is presented in this paper. The scalar damage parameter is
used to describe the material continual fracture process. A stress-strain problem solution made with
semianalytic finite element method (SFEM). It's shown, that the value of residual lifetime could be
differ significantly for different loading condition and object configuration.
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Otevrel I. etc.). However, as noted in [10],
INTRODUCTION the most actual problem is the determining
the residual lifetime — time of fracture zone
Structural elements of responsible objecgrowth after the local loss of the material
function often under long-term static oibearing capacity. Solving of this problem in
cyclic force loading. The process of creep (the spatial definition is not reflected enough
fatigue, accompanied by the gradu:in scientific publications. On the other hand,
accumulation of scattered damage, tksuch as highlighted in [11], the residual
formation and growth of macroscopic defecilifetime value may be up to half of the total
(fracture zones) are occurs under such time of structure element operation. Thus, it
loading conditions. This problem, similarlyshould be taking into account for correct final
as well as other aspects of reliability analysdefinition of part’'s operating time.
[1, 4], is very important, for a reliable
determination of long-term strength an
lifetime. PURPOSE OF WORK
A description of above mentionec
processes, which took the name «continu The purpose of this paper is to highlight
fracture», may be fulfilled efficiently usingthe main provisions of the developed
phenomenological scalar damage paramettechnique for modeling of continual fracture
proposed in the works of V.Bolotin,zone growth of spatial bodies and
L.Kachanov and Yu. Rabotnov. Thispresentation of the results of residual lifetime
approach is developed and implemented fdetermination of responsible structural
different loading conditions in the elements under different loading conditions.
publication of M.Bobyr, V.Golub, G.Lvov,
Yu.Shevchenko [5, 7, 8, 9, 12] and ir
publication of foreign scientists (Chen G.
Hayhurst D., Lemaitre J., Murakami S.,
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INITIAL EQUATION

doo o, " 1
AND METHODS OF ANALYSIS —=C - w", 3)
d  |1-0 ] (1-w)°

Continuum fracture mechanics relations. )
The damage accumulation process describépere: ¢, m, g, ¢ p — experimentally
with kinetic equations using determined material constants, which are
phenomenological damage parameter (DEynctions of temperatureg, — equivalent
®, Wwhich changed in time from stresses calculated according to the chosen
w(t =0) = w,=0 to w(t*) =1, where: t* — is strength criterion.

the time of the local loss of material bearin% Semianalytic  finite element method
capacity. SFEM). The solution of evolutionary

The next view of kinetic equation for DPProblems of spatial bodies ~deformation

calculation is most simply for the multi-Process requires signi_ficant cor_nputational
cyclic force loading [13]: expences and special algorithms for

regarding of damaged accumulation process
and fracture zones growth simulation. It is

doo - o ' (1) not always possible to solve these problems

dN 0, 1-w) using modern powerful finite element
where: A and n - experimentally Software systems (ANSYS, ABAQUIS, etc.),
determined material constants, based on traditional three-dimensional finite
o, — tensile strength of the material. element problem definition.

it is expected, that under multioyclic, oct S At tate anc
loading condition process of material’ 9

deforms elastically and the loading proces%eformat'on process of canonical form

can be carried out with variable paramete rigtr;a;tigot?(l)?jises_ 'Il'nhr:eotrgfrgle"?r?r?:riom:ecrllioirs]g
of the cycle (mean middle stress anfl ) 9

amplitude). Therefore, it is provided for'S used in the sense of the variability of the

construction of DP value determiningphys'cal’. mechamcal properties  and
eometrical dimensions of the body along the

algorithm, that load process must be divide . X :

into a number of steps - steps for probler%rmmgi Being based SFEM’. a discrete

solving - S* Within each stages calcula_tlon model suggests the finite element

(=1, 2..S*1, S¥ load means constantme.‘Sh in the cross section of the examined

stress 0. and constant amplitudes _object, and one finite element (FE) to be ysed
_ Os _ @ in the orthogonal towards the cross sectional

during the some quantity of cycl@é,. Using plane (along the forming, i.e® coordinates.

this assumption, the DP value by previoushys, the FE size in the® direction is the

. _< . same as the body one (Fig. 1).
load history (upNs cycles, N _52:1: NS ) is SFEM allows significantly reduce the

determined by a formula which obtained iffomputational expenses for solving of spatial

[13] as a closed form solution of equatioroblem, particularly on the stages of
(1): stiffness matrix calculating and FEM linear

equations systems solving. The efficiency

s and accuracy of the method is shown for a

_ A Z(Gas)n N; - (2) wide range of linear and nonlinear problems

(n+1of <1 of mechanics [2-4], where readers can also

find a more detailed description of the

A DP value description under |0ng_terrrfneth0d features, its implementation and links

static loading condition (when a creef0 additional author’s publications.

process presence) conducted using the follow

expression [7]:

(L)S =1- (n+1)\/1—
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means of step-by-step algorithm on the
parameter of time. When starting each

iterationn of a stepm, stress valuew; are

calculated considering creep deformation
process by the formula:

(o )r=35(0, )+ @

Components of stress tenscarij are

defined in compliance with the Hook’s law
considering an increment of total
deformation:

(O_U)nm =(0ij )nm_l"'(A_Gij)nm '

while the components of stress deviator

i \M . .
(s”) relate to an increment in creep

n

deformationAeﬁ :

(oes )7 =(e5 1o,

Fig. 1. Circle (a) and prismatic (b)
inhomogeneous body (sij )m :(

I -els)r. ©

(Sij ):
(o)
de

of creep deformation rate tenscf; :a,

FINITE ELEMENT ALGORITHMS 2
FOR CONTINUAL FRACTURE  where: (£¢)" =[ec]"
PROBLEM SOLUTION 2

— components

A problem of stress-strain  state
parameters determinatiominder linear and
nonlinear deformation process performed b int val
the algorithm based on the use of the implicl me interval vaiue. .
integration over the time scheme with help of The DP values addition(da)y, and
Newton-Kantorovich iterative procedure: ~ accumulated DP valuesw, on a time

intervalm calculated with next relation

G, =E/(@-2y) — elastic constantsity, —

{AUI }:1 ={AUI }nm—1+ B [KII] B ({Ql}m _{ RI}:1 )’
| | O =Wy + (86, = 0, +[ 22| 1, )
where: is1< <2 — relaxation parameter, dt )

{Q}™ - vector of full loads in nodes on step o _
The criterion of local loss of the material

m, [K,] — FE stiffness matrix{R} "~ bearing capacity isa (t*)> « * where
vector of nodes reactions on iteration of  ; x~1 _ critical DP value. It's fulfillment in
stepm. the some point of studied obje&t with

Creep problem_ sc_)lutlop considering coordinates (Zi' )K e :{Zl'*, 2 7 }
damage accumulation is being executed by
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indicates the transition of the scattered
damages accumulation process, which
accounted integrally using DP, to occurrenc

of macroscopic defects — initial areas o©

continual fracture. This points in time

determining the value of the estimate

lifetime of studied object.

Continual fracture zone growth modeling
To simulate the initial macroscopic defect:
occurrence at the poinK the area with
volumeVj introduced there at the time point
t = t*+At (Fig. 2, a). The size of this area a

in plane z* -7* is the same of FE size, in
which conditionw > « * reached. The size  #* 2 L N

222 in the 22 direction defined as the sum of 2 Kt ¥
half the distance from the poinK to ; . AN A
1

neighboring integration points in FE (named
asK-1 andk+1 , AZ® =a,,/2+a, /2, Fig. ) -
2, ¢). Values of stress and elastic modulus of

the material taken as being equal to zero
within a specified area: z¥

7™ '
z 27

c)

E(zi =z *) =0. (7) Fig. 2. Stages of continual fracture zone growth
(a,b) and special finite element (c)

o;(t=t*+At, z =2*)=0,

Volume V,, the value of which is causec

inimum mrement of e Characiorisi sz RESULTS OF FINITE ELEMENT
u MODELING OF CONTINUAL

of the fracture zone in the course of it FRACTURE ZONE GROWTH

growth. . . . _ AND RESIDUAL LIFETIME DEFINITION
Implementation of (7) is carried out using

special FE V\_/ith adjusted values of physici The allowed approaches being spent to
and mechanical constants. The stress-_strasolving of practical problems of residual
state parameters and DP values determine jifetime definition of responsible structure

(3) - (6) during following point of time. This gjement — the connecting union under multi-
is accompanied by a gradual increase cyclic loading condition and the blade of a

fracture zone by_acce_dlng to it of a N€\gas turbine under creep.

volume V, at time intervalst, after The connecting union (choke) of valve

fulfilment of condition « > «w* in settings for high pressure polyethylene

appropriate  points. The procedure cSynthesis is a massive circle (cylindrical)

continual fracture zone growth modeling i:body loaded with cyclic internal pressure.

performed to achieve a zone of critical sizThe initial defect is available on the inner

(volume)V" (Fig.2, b). The appropriate timeSurface of the choke - an weakened area of
interval (number of cycles) determines thdegraded material physical and mechanical

residual lifetime (vitality) of the object after Properties. General view of the object and the
the of fracture zones occurrence. FE discrete model, used for solving and
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describing the defect presence, shown iepth 1-5 mm, which obtained in
Fig.3. The initial elastic stresses distributiomxisymmetrical statement, is half less than
in the absence of defect is uniform omne obtained in spatial statement. This
choke’s height ¢* axis).and variable along difference gradually decreases: at a zone
the it's radius. depth 12 mm (corresponding to half of the
wall thickness) it is only near 5%. But in any
case, the magnitude of the residual life after
the fracture zone growth is almost an order
greater than the time to zone occurred.
Wherein, it should be noted, that during all of
time of the fracture zone growth the detail
keeps tight and relevant performance
properties (Fig. 5).
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Fig. 3. The connecting union with initial defect S(AT : .

The description of the damage
accumulation process performed with eq.(z
using o, =1300 MPa,A = 1.5495 * 1¢ and

n = 4,267. The degradation of materia
mechanical properties within the defect are
performed with linearly change aof in the

range 4,267-4,4 (increase of the valoe
indicates more intensive damage
accumulation at the same level of stress
Estimated lifetime of the choke (until the
local loss of the material bearing capacity) i
the absence of the defect was 4.9%1C

cycles, and N*=389*10° for defect
presence. The obtained DP values rapid
decreases at choke wall thickness wit
distance from the inner surface and at tr
distance of 3 mm from it DP value is les:
then 0,1. Thus, after the local loss of the
material bearing capacity on the inner surfagqegg. 4. SFEM discreet model of connecting union
the wall remains virtually intact and thepipe with defects
choke may be used stay in operation.

The simulation of fracture zone growtt
was conducted in axisimmetrical and spatial
statement using FEM model, shown on Fig.4.
It is shown, that time for zone growth in the
radial direction (of the wall thickness) to

H=300
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] 1] Fig. 6. Gas turbine blade: general viexy (

/LH” and design scheme of blade fragment(b)
/2’2'7 The description of creep and damage

accumulation processes is carried out with
Fig. 5. Configuration of continual fracture zone the following equation:

after different number of cycles (b) q Bg" d m 1
I
._ Bo _w:c( o j 7 (8

Stationary gas turbine blade is a spatialdt (-w)"  dt 1-w w)q
body of complicated shape. The blade is
swirled at the vertical axis, has a variable at
height cross-sectional area. It is influencefynere: B = B(T), € = C(T), m = m(T), n =
by centrifugal forces in a heterogeneous, boffT): T = (1), a = de, T) — material

in height and in cross-section, temperatu@®nstantsI —temperature. o
field (Fig.6, a). Based on results of elasti The location of initial fracture zone within

deformation modeling of blade, based othe fragment corresponding to the maximum
three-dimensional FEM, a dangerous crovalue damage parameter was determined due
secton R was chosen. This sectiort® modeling of blade deformation under

characterized with combination of averagCr€ep: Its location is aligned With_the zone of
strainap and average temperaturg Twhich _maximum va_llues of the DP at h_elght of blade
leads to the most intensive creep process effagment (Fig. 7). It was required to use a
damage accumulation. Listed values &nd finite element models with a significant
To) are used further to describe the desig"Umber of nodes in a cross-section to
scheme and the results of the proble determine of fracture zone’s size and shape
solving. Creep deformation process modelirin the process of it's growth. The results
is made for a blade fragment with size 0,cfracture zone growth modeling up to
Ro < R < 1,06 B Fragment is loaded with its COMplete loss of bearing capacity showed,
own centrifugal loag. The simulation of the that the proposed facility value of residual
upper part of blade in section R = 1,06 lifetime is low and is about 5% of the
implemented with unevenly distributed loa®Stimated lifetime. This suggests that the

-2 .22) that meets stress values pecactual value of the blade lifetime is
a=dz .z ) T . . ’ determined by local loss of bearing capacity
applicated in this cross-section (Fig. 6, b). in fact (Fig. 8).
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2. The values of residual lifetime may differ

significantly for different objects and loading

conditions. Thus, it's need to study a problem
of extending of details operation time after
local loss of bearing capacity in each
individual case.

initial
fracture
zZohe
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