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ABSTRACT

A combined theoretically-experimental approach to investigate the
separation process for materials and construction elements by
using impulse energy carriers is briefly described. As mathe-
matical tools for simulation of separation processes are used
calculated schemes of a different level of accuracy and com=-
plexity that allows to estimate sensitivity of processes to
variation of input parameters including their random spread.
Experimental studies are conducted by an automated complex of

a specially developed bandwidth strain measurement equipment.
Data of experiments are used to estimate separation processes and
to define parameters of impulse pressure and in the correspon-
ding numerical processes.
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INTRODUCTION

As has been known from literature (Finkel et al, 1982), technolo-
gical operations and separation systems using impulse energy
carriers are widely used in the modern engineering. The effici-
ency of action of systems of such type significantly depends

on state study level, reliability and serviceability of com-
ponents.

With studying the behavior of separation systems it'is expedient
to use a complex theoretically-experimental approach.

GENERAL CHARACTERISTICS OF SEPARATION PROCESSES

Elements of plane and cylindricael shape are considered as ob-
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jects of separation. A

a8 contour%1)with A problem on their separation along a gi-
an artificial sur-

face defect (a con-
centrator) (2) (Fig.1)

is stated. Separation

occurs due to intensi-

ve momentary loading 1
from impulse energy
carrier(3) that brings
about a development of
fracture processes be- 2
ginning from an area

of artificial defect
where deformation ener-

gy concentration is ob- UL
served. It is of inte- 3
rest to use not only a
bending scheme of sepa-
ration (Fig.1) but a
shear scheme and their
different modifications.

Fig.1. Elements of a separa-
tion system

NUMERICAL SIMULATION OF SEPARATION PROCESSES

Mathematical Models.To determine parameters -

cesses the models of different legels of accur:ggazggiggmg{::
x;ty are used ,it is very important when studying sensitivity
o) dpigcesses to variation of parameters, reliability estimate
?389) e solution of optimization problems (Vorobiev et al.,

A model constructed on general dependences of
: . mechani
:g%;ﬁfils ;he mgst full and exact one. In this case tgz ggn—
ve dependences reflect th
conservation (Ionov et al., 1987? SHEASTE BRES S S

o =-9¢&

o= 64,

added by the corresponding relationships of a th
] . e -
tic-viscous plasticity including mediug demage OFGF O iNES

*

"
\V4 6{/ + A Z}/ = 2 é; eéﬂ
*
Cy = Ty (7-w), (2)

w = B(6%-6.)" H (66
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v giving parameters of a material characterising dependences
(5) we shall use both the information from literature (Ionov,
1987, Kurran,1985) and data of specially made experiments.

't is of interest to use a theory of plates and shells of Ti-

noshenko type (Vorobiev et al.,1989) the specific peculiarity

of which is independence of unknown functions from a singular
coordinate. The application of the simplest elastic-massive

model (Crouch, Williams, 1988) for the initial estimate of sy-

stem gstate.

onsider that fracture process consists of two consequent sta-
res of initiation and growth of a crack. To determine the ini-
tiation of fracture the known generalized criteria of strength
(Morozov, 1990, Ionov, 1987) are used. Besides, to predict fra-
sture initiation we shall use an energetic approach associated
with search of a relative minimum of deformation energy density.

he second stage of fracture is connected with microcrack
growth. As it has been known (Andrejkiv, 1982, Ionov, 1987) two
main mechanisms of fracture processes are possible: brittle
and viscous , separation on which is conventional to a certain

extent.

A condition of a brittle fracture is to achieve a critical va-
lue for a coefficient of intensity for stresses K7c . The conse-
quent development of fracture model associated with account of
plastic effects required to apply the more adequate criterion

HS‘]m— integral. At last, a deformation criterion of fracture
of a type (Ionov et al., 1987) may be used in the area of evi-
dent plastic deformations to estimate a limiting state of the
separated element.

g > E. exp (-«6/60) (3)

Note thet & criterion ( 3) corresponds to the most power-
intensive condition of fracture. Use of the above system, a
criterion in the proposed consequence allows to cover not on-
1y the possible mechanisms but to give them a limiting esti-
mate. Yhile studying the behavior of the system the energy
carrier— the element being separated in the whole two appro-
aches are realized. The first approach is connected with the
solution of the corresponding contact problem, the second ap-
proach is connected with the application of experimental data
according to pressure impulse estimate.

Solution Methods and Software. Including the basic peculiarity
of the considered problems — short time of gseparation processes
a complex of hybrid explicit difference algorithms is used
(Tonov et al.,1987, “orobiev et al.. 1989).The influence of
random spread of parameters on separation process 1is studied

by a method of statistical tests (Monte-Karlo) with the conse-
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quent statistic processing of the values obtained.

Software for the solution of the above problems has been reali
2ed as a bending integrated system allowing to consider a wi-
de range of problems.

Results of Calculations. A problem on separation of a steel
plate of thickness 10 =2 n with a cylindrical surface concen-

trator, a radius of which is 10'%nis congidered as an example
(Fig.1). Parameters of +the material corresponding to the steel
were specified during dynamic tests. An energy source of an

explosive type has been used as an
energy carrier. The specific impul-
se due to its action is 80 N s, the

amplitude of pressure is 2 GPa. t=2ms

r_'\

Computational experiments showed
that a crack was initiated on a free
surface of a concentrator where con-
centration of deformation energy was t-6
observed. The following stage of se- ual
paration is of quasistatic nature Vb“

and is connected with maintenance of ~

the corresponding level of bending

stresses. Fig.2 shows positions of a

plate at different stages of separati- t=10

on including loading symmetry and ~ clald
scale 1 : 10 increase of dimensions

of fracture area. o~

During calculations the significant

sensitivity of separation process

to variation of input parameters is Fig. 2. Separation
defined. The influence of the para-— stages of a steel
meters characterising intensity and plate

application field for impulse effect

is more evident. The parameters of the material characterising
directly the flacture process, influence to a great extent,i.e.
/(rc ] Jn: ’ 8“ .

Briefly estimating the different schemes of separation note
that the bending scheme is the less power-intensive and the
less stable to parameters variation. The shift scheme is the

less sensitive to parameters change, but the more power-intensi-
ve, as the calculations have shown.

EXPERIMENTS ON SEPARATION OT CONSTRUCTION LLEMENTS

Studies are conducted to define a nature of & concentrator de-
formed in the vicinity of a concentrator and along a trajectory
of main crack and parameters of impulse pressure. "o solve the-
Se problems a method of bandwidth electrostrain measurement con-
sisting of maintenance or = unique dynamic error at all parts

of strain signal conversion is applied. For that_small resistan-
ce strain gauges of a basis = (0.5...2.0) - 10~ 3 n over defor-
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=1 =7, strain amplifiers based on a

i ange &= 10"',..10" '; s rain amp i . -
tizigﬁp{e gf amplitude modulation with feeding measuring 2r1
&yes by an alternating stress with carrying frequency-g Mz

, i i £ = 20... 4 10°Hz;

the range of operating freguencxes_bf

:2glog—to-d%gital converters with cycling frequency

f. = 40 MHz; with control, registration and information pro-

€

ceasing on IEM PC AT.

"ig.3. gives schemes for measurement of parameters of stress-
ﬁtrain state, fracture and loading-

ined that
Uata of Exper ts. From the test results it was determ

éhc m:in cr:cimeg developed under conditions of plain deform?zigz
practically irrespective of curvature of separation contogr b
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Pig. 3. Scheme of measurement parameters for deformed

< P "
-fracture and loading: a) explosive-impac
gzggingrmachine: b) test specimen; c) fracture-test
specimen; . -
~-test specimen; 2-strain-gauge dynamometer;
%-explosgve chafge; 4-foil strain gauges; S—piez?-
electric gauge AT semiconductor; 6-strain gauge AL

” 2 b
I e and maximal deformations are determlned in an o
jggtnggugeparation at the stage of active loadlngban%hreéagg:
tion of stress waves with forming a free surface by the 1e
lcpment of the main crack and the law of change of 1mp€ if
pressure on the object of separation at the impulse s;uli 1
using the elastic strain gaugesrwaveguides mage of a materia
of high dynamic limit of ductility ( 6s= 3.6 CPs).

T f parameters of impulse loading both by di-
;ggtdggggg%ngz%g?nomegsurement agd ca culatlon—e§pe;1menta%
method allowed significantly to increase the re%}abilitgeis
calculations according to the developed mathema }cal moocesses
and to apply them for investigation of.technologlig pTr

of separation or utilization of metallic construc ions.
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