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RESEARCH OF NONLINEAR DYNAMIC
DEFORMATION OF SPATIAL BODIES
WITH CRACKS

O6’ckmom docnidvcenn ¢ npoyec Ounamiunoi 63aemooil CKAAOHOL CUCTNEMU UUKITUHO -CUMETRPUUHUX Oemailell
0NOPHOZ0 3’ €0OHAHHSL 3 YPAXYBAHHAM HASBHOCI CIMAYIOHAPHUX MPiujun. /[ 3HAUHOT KIATbKOCME KOHCIMPYKMUBHUX
enemenmis ma demaietl, w0 eKCHAYamyomscs 8 YMosax OUHAMIMHUX HABAHMANEH, XAPAKMEPHUM € BUHUKHEHH .
ma po3noscroOHCeHHs: MPIUH 8 30HAX CYMMEBUX NIACMUUHUX dehopmayiil. 30Kkpema, 0Lt ONOPHOZO NPUCTPOTO,
AKULL ABAE 00010 UUKIIUHO CUMEMPUYHE MILO 3 ZPAHUMHUM BUNAOKOM HeoOHopionocmi, npu Oil iMNYAbCHUX
HABAHMANCEHD HA ZPAHUYAX 3 COHAHD YUITHOPUUHOT YACTMUHY 3 BUCTIYNAMU BUHUKAIOMb 30HU NAACMUYHOT meyii.
3a ymosu nasenocmi 8 03navenux 06AACMAX mpiuun, BUHUKAE HeOOXIOHICIb 00CMOBIPHO20 GUSHAUEHH NAPAME-
mpis pyunysanns ma npozno3ys8amnis pocmy mpiujuu 6 4aci.

s nobydosu modeneil 03nauenozo Kiacy o6’ckmie 00HuUM 3 HAUOLIbUL YHIBEPCATLHUX MA JOCMOGIPHUX YU~
CENHUX MemOo0i6 € HaNIBAHAITMUYHUTL MEMO0 CKIHUEHHUX eleMEeHMIs.

B daniii pobomi npedcmasieni pesyivmamu 06uucienns na 6a3si Hanisanariimuuiozo Memooy CKiHueHHux eie-
Menmie napamempic Mexanixu pytinyeanis ois 06’ exkma 3 HeoOHOPIOHUMU DISUKO-MEeXAHIUHUMU BAACTNUBOCTAMU
NPU HASIBHOCME CMAUIOHAPHUX MPIUWUH 8 YMOBAX IMNYIbCHOZ0 HABAHMANCEHHS MA NAACMUYHUX Jedopmaiil.
Yucenvre docnioncenns sukonarno 6 dsa emanu. Ha nepuomy emani 6cmanosieno 3aKOHOMIpHOCTT NPYHCHO-NIAC-
Mmuu020 OUHAMIUH020 Dehopmyeaniis cucmemu. Busnaueni nailbinour UmosipHi 301U HAKONUYEHHS NOUKOONHCEHD
ma BUHUKHEHHS MPIWUH, Wo € NPUUUHo 6uxody 3 1ady eremenmie koncmpyxuyii. Ha dpyeomy emani posensiny-
ma mooenn i3 mpiuunoio, AKa POSMAWOEANA 6 30Hi NLACIUUHUX 0ehopMayiil, 00uUCIen] 3HauenHs OUHAMIUHUX
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1. Introduction

The desire to increase the life of critical objects of mo-
dern technology leads to the use of structural elements
and parts in the presence of cracks. In many cases, they
are under the influence of non-stationary dynamic loads of
various durations arbitrarily distributed in space and time.
Determination of crack resistance of these objects is a de-
cisive factor in preventing possible emergency situations.

Despite the technical difficulties and the high cost of
conducting full-scale tests, solving the problems of calculat-
ing the dynamic parameters of the destruction of a speci-
fied class of objects using experimental methods is almost
impossible. In this connection, the need arises for a more
in-depth theoretical study of the behavior of such struc-
tures and the creation of numerous corresponding means for
determining the dynamic parameters of fracture mechanics.

Analysis of known publications [1-3] shows that two-
dimensional bodies remain the main objects of study of
fracture mechanics under dynamic loading. When consider-
ing spatial bodies for a given class of problems, as a rule,
they are limited to objects with homogeneous physical and
mechanical properties and stationary cracks.
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The most common and universal numerical method for
constructing models of this class of objects is the semi-
analytical finite element method (SAFEM), the development
of which is reflected in [4—6]. Based on the SAFEM, ap-
proaches to determining the stress intensity factor (SIF) and
the J-integral in spatial problems of statics and dynamics
for homogeneous bodies with stationary cracks are widely
considered [7-9]. At the same time, the problem of calculating
the parameters of fracture mechanics on the SAFEM basis
for bodies with inhomogeneous physicomechanical properties
in the presence of cracks under conditions of pulsed loading
is insufficiently covered in the literature. This confirms the
relevance of theoretical research.

So, the object of research is the process of dynamic interac-
tion of a complex system of cyclically symmetric parts of the
support joint, taking into account the presence of stationary
cracks. The aim of research is determination of the crack
resistance parameters for parts of the above locking connection.

2. Methods of research

Numerous studies were carried out on the SAFEM
basis using SAFEM software by the Research Institute
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of Structural Mechanics of the Kyiv National University
of Construction and Architecture (KNUCA RI SM). The
main task is to build a spatial end element model (SEM)
of the object using the developed special finite elements
that simulate the presence of a crack and contact.

The main (inner) part of the support joint (Fig. 1) is
a massive cylinder with 4 rows of sector projections uniformly
spaced along the annular coordinate on the outer surface.
The outer part is also made in the form of a cylinder
with 3 rows of projections on the inner surface.
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Fig. 1. Object of research: a — computer model; b — finite element model

Through performances, an in- A

teraction (contact) occurs bet-
ween the internal and external
parts of the supporting device.
The purpose of the object of re- Vs
search is the content of the pro- W
jectile in the gun barrel. The phe-
nomenon of the shot is modeled
by a pulsed load applied to the

The analysis of individual elements [10] shows a sig-
nificant non-uniformity of the congestion of the projections
along the annular coordinate; it requires spatial modeling
of the joint as a cyclically symmetric structure. In a cross
section, the structure is approximated by a set of homoge-
neous and inhomogeneous annular finite elements (FEs).
In the region of cutouts, the elastic modulus, density, and
Poisson’s ratio are taken equal to zero. Modeling of con-
tact interaction between performances is carried out using
special contact FEs, which accept only compressive loads
normal to the contact surface. Taking into account the
presence of cracks in the zones of plastic deformations is
ensured by introducing into the design scheme specially
developed dynamics problems for FEs with cracks.

A study of the convergence of solutions shows that when
the number of nodes in the grid region is more than doubled
(from 500 to 940) or the number of members of the Fourier
series from 12 to 20, the difference in maximum stresses
does not exceed 5 %. When approximating the structure
along the circumferential coordinate, 20 members of the
Fourier series are contained, the grid is preserved in the
cross section — 20x47, time step At =3-10"°% s. To ensure
the required accuracy of solving the system of equations,
it is enough to use the value =107

3. Research results and discussion

The analysis of the stress-strain state of the object
shows that the corner zones where structural performances
are structurally combined with the cylinder body are maxi-
mally loaded. The value of the stress intensity obtained
in these areas on the basis of elastic calculation reaches
values exceeding the value of the yield strength of the
material, leading to the need to solve the elastic-plastic
problem of dynamic deformation.

At the initial stages of deformation, stress waves arise
along the inner part Z' in the barrel, the level of which
is significantly less than the yield strength. Plastic de-
formations occur during the oscillation of the entire part
and are local in nature (areas of projections). First appear
at t=6.6-10" s and develop to £=29.1-10° s when they
acquire their maximum values. Zones of nonlinear work
of the material are presented at performances in the form
of isolines at time ¢=29.1-10° s (Fig. 2).
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Fig. 2. The intensity of plastic deformations in section I-I: a — in the zone of the third projection; b —
zone of the first projection (1 — 0.0 %, 2 — 0.09 %, 3 — 0.19 %, 4 — 0.28 %, 5 — 0.37 %, 6 — 0.47 %)
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After determining the stress-strain state of the object
in the areas of maximum plastic deformations using special
finite elements, inclined annular cracks with vertices at
the edges of the projections are modeled (Fig. 3).
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Fig. 3. Fragment of a finite element model with special finite
elements with cracks

SIF calculation is carried out by two methods: direct (line)
and based on the energy approach (reaction method, brand).
The results are shown in Fig. 4 in the form of normalized
values of dynamic SIF K_/g. The stress intensity factor
of the second kind K (dashed line, squares) is approxi-
mately 10+12 % of K, (solid lines, circles).
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Fig. 4. The evolution of the dynamic stress intensity factor

As can be seen from the graphs in Fig. 4, the difference
between the results obtained using various approaches does
not exceed 2-3 %, which is quite acceptable for dynamic
problems.

4. Conclusions

According to the results of the finite-element calcula-
tion of the details of the support connection, it is found
that the corner zones are the most loaded, where sector

performances are structurally combined with the cylinder
body. The most probable zones of crack initiation that can
occur in areas where the intensity of plastic deformations
are from 0.19 to 0.47 % are determined. The calculated
values of the dynamic stress intensity factors (DSIF) and
studies of their evolution in time showed that the maxi-
mum values of the normalized DSIF of the first kind do
not exceed 2.0, and the second kind — 0.25. Moreover, the
values change cyclically with a period of 12.9-10° s. The
obtained research results can be used in numerous calcula-
tions of inhomogeneous bodies with damage such as cracks
in the conditions of elastic-plastic dynamic deformations.
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