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ABSTRACT

Failure Kinetic model of active type,used earllier for the cal
culaticon of various metal behaviour, 15 used for nuoeTicdl me
delling of ceramic failure at high velocily 1meact. The varia
tion of constanls, included 1n the model, allow to describe
the properiles of high-modulus compesite materials, eroduced
out of ceramics and metallic binder. The calculation of CFILn
der metal bodies interaction with ceramic plates, carried oul
with the finite elements method. describe the interaction pe-
culiaritles and development character of plale failure at hileh
veloclty impact. The peculiarities of arising and seredding of
damages, leading Lo crack net formation and ceramics failure
under high velocity 1mPact condlitions have beoen anvestigated.
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INTROOUCTION

Ceramic materials ®osses high hardness and wear resistance,
The=e proeerties characterize, in particular, Lthe roctrdctory
pEides of aluminum, bkervilium, zTirconium chromium and others,
The creation of new generatlions of cerami¢ materials, 4ble to
work in a wide range of lgading conditions, requlire the 1NVes
tigation of materlials. 3table Lo PosS3lble randofl transient 1o
ads during oreration. The contact loading i3 one of Lhe mosi
Known caseg of force Interaclion of construction elements. If.
in the case of plastic materials. such actions lead Lo the ari-
2ing of local plastic deformations which have.as 4 rule. small
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influence on strength, then in solid brittle materials similar
actions may cause local failures, decreasing disastrously
their supporting power. The exreriments Show that the.ceramic
plates failure at dynamic impact interaction occurs due to
ar+sin€ and subsequent spreading of net of cracks in subsur-
face reeions, leading to fragmentation of material. In present
parer, the investigation of axially symmetrical problems of
metal striker interaction with ceramic plate in velocity range
uP to 1000 m/s. The Kinetic model of active type is used to
describe the failure in ceramics, sharp drop of strength pro-
perties in attaining the critical value of crack specific vo-
lume is specified in this model.

MATHEMATICAL MODELS

The model of damaged medium is used in calculations, it is ¢ a-
racterized with Possibility of crack formation (Seaman et al,
1977). Undamaged medium part W, , characterized by density
FPc . and crack, occupying the volume We .+ 1in which the den-
Sity is supposed to be equal to 0, constitute the total medium
volume W/ The mean density of damaged medium 1S connected
with input parameters by relation P=PeWe/W The dee-
ree of medium damage 1s characterized by crack specific volume
Ve = Wa /(wp) The system of equations, describing non-sta-
tionary adiabatic movements of compressible medium with regard
for crack development is as follows:

$ = -p(Ug+thqp+ /) ,
_,PL.(-= S-u(,'z *51;,1 +(S'L'L—S69)/'z' - P,'L
PU= S’Li"z +Sz2,3 * Sae /T - P2

J)E = P_js/f"szz "’;z "‘S-;-;“',!-"'SGD u,/z+,§’.u (u’?+z{‘) >

2

»
(1)

Vo =0 ot [P]€ Peoox (B> P wned Vo=0), B= RV /(o)

U = - sign (RIKy(IRI- P)(VioVe)
at F; <=-Pp 0 (B>P ond V, > 0).

Here 13_9 »Z are the axis of cylinder coordinate system ( z 1S
axis of symmetry), So; .Szz »Sgp »Seg - components of stress
deviator, u,v - radial and axial components of velocity vec-
tor, E - specific internal energy. P and Pe - mean pPressure
and pressure in undamaged substance component, V, ,V, ,Py Ky,
—constants'failure model of active type. Pressure in undamaged
substance 1s the function of specific volume, internal energy
and crack specific volume
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wher;=§° »K,, . $o are material constants, V, and V are initi-
al and current volumes. Coefficients K, are expressed throqeh
material constants a,b out of relation D = a + pu accordlng
to Gust (1982). Mean pressure in medium is determined acqord
1ng to formula P=PF @0 /f Components of stress deviator
are found out of relations:

2G(U,2+1/3 /)= $u. + 28, |
26 (Uyn+1/3 9/P) = Sue +A Sxr (3
26 (w/e+1/35/9) =854 +2 86 ,
¢ (w,z + U,2) = :z + A Snz .

Parameter R = O for elastic material and 4 } 0 when Pplastic
deformation is present. In these relations G is shear mpdulus.
© 1s dvynamic flow stress and index WV indicates derivative
according to Jaumann. Shear modulus and dynamic flow stress
were supposed to be derpendent on attained damage level

G = G, Va/(Va+Vs),

6 = 6o (1-Ve/Va), (Ve<Vs), (4)
6§ = 6p, (VF<Vrd VYY),

o, (V%> V).

The problem of steel cylinder 1interaction with ceramic plate
is under consideration. For equations from (1) to (4) the Pro-
blem is stated with initial (when t-0) and predgtermlned boqn—
dary conditions on surfaces. Problem statement is characteriz-
ed by lack of initial internal stresses and loads on free sur-
faces during all the process. Sliding conditions are realized
on contact surface between cylinder and ceramic Platg. The re-
lations of finite elements method used for the solution of the
stated problem are reported in Gorelsky et al. (1992).

6

MODEL CALCULATIONS

The interaction of steel cylinder with 0.0076 m .in dlametgr
and 0.0254 m in height with ceramic plate with_0.0lO m 1n_th1-
ckness was modelled in calculations. The density of cylinder
material was predetermina;ed to be 7850 Kg/m and the one of
the plate to be 3430 Kg/m In relations (3) and (4) strength
constants and equation of state constants (2) for ceramics
were tdkKen from Gust and Royce (1971); Wilkins (1978). Calcu-
lation results are given in the figures. Fig.1 presents confi-
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gurations of siriker and rplate during interaction with initkial
velocity 600 m/fs

Fig. 1. Chronocgram of interaction of striKer with ce
ramic plate with initial velocity of 80D m/s
in 4 ~3 after contact.

Az 1t follows from Fle. 1 the deformation of plate 13 negllelb-
¢ in comparison with the striker. Fig. 2 1lilustrates the recu
llarities of faillure development Ln ceramics J4t Lmpact with
velocity of 1000 mss; distributions of i1solines of crack sre

| S

Fig. 2. Distribution
of L1s0lLnes |
of crack spe
cific volume
in ceramic |

I plate after

£ and 4as

i afier lnte-

raction with

1 /,.,g velocity of
e 1000 m/s.

cific volume at time moments of 2 and % #2 arc given there. |
Damaged reglons configurations sp2ak aboul slgniilcant distin
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ctions of damage development 1n ceramlcs in CcomParlisocn With
peciullarities of metallic plates failure investigated in Dre-
min 2t al. {(1786). In contrast to metald where damade Zone L=
formed 1n zome distance from CEVETSE surface leading to the
rormat lon of chiepping-off plate the failuresz in cCeramics are
initiated on reverse surface directly. Flg.?2 shows thal maln
cracks are firstly spreading deep intc the Flate In feparate
directions and then continuous fallure front is formed. Eine-
tics of damage development with impact veleclties of 600 and
1000 mfs is 1llustratesz in Fig. 3 where rlots of crack volume

V‘n(-’fffg

qozs ré #ﬁﬁﬁﬁ##*,#,;—"ﬁ:f

a 5 vy 15 ¢ 4 AT

Fig. 3. Values of crack specific volume against time
at axial point of reverse Plate surface with
impact veloclity 1000 m/s (1) and BOOD m/s 2l

sgainst time 1n agilal polnt of reverse plate surface are gl-
ven. The curves reflect the fact that with the growth of 1nte-
raction intensity the damage veloclty 13 Increasing greater in
ceramics in comParison with metals.

CONCLUSIORS

The calculations show that the given material model allows to
degcribe the failure of high modulos romrosite materials. Pro-
duced ont of ceramics and metallic binder in conditions of
LmPacl-wave loading.
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