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ABETRACT

Here are the results of the comprehensive ressarches of mecha-
nical properties.destruction and the micromechanism of deforma-
ticn of polycrystalline materials.The inhomogeneity of stress-
strained states in mlecrovolumes of different polycrystala in
zlastie and elastoplastic fields is investigated.Microstructur-
2l coefflcients of stress and strain concentration are defined
and their dependence on the degree of anlsctropy properties and
kind of stress is examined.The dependence of mechanical proper-
ties and destroctions of polycrystalline alloys on the level of
microheterogenecus deformation under the static tests,the im-
pact tests and dlfferent temperature tests ig established.

FEYWORDS

Micromechanism of deformation,inhomegeneity of stress-strained
states,microstructure,mechanical properties,destruction.

INTRODUCTION

Polycrystalline metals are the typlical structure-inhomogensous
materials,which are widely used in practice.The inhamogeneity
of stresses and deformations in polycrystals,which depends on
thelr microstructure(Koksa,1579),plays a great role in the
achievement of limit stress-strained states.The inhomogeneity
of stresses and deformations in elastic field must be connected
with the achievement of limit @fyield in locglmicrovolumes and,
conseguently,with the appearance of the first plastic yield and
ag for fragile metals,it has to be connected with the achieve=
rent of destruction stresses in single microvelumes.It is the
consideration of microstructure stresses and deformation that
must play the great role,especially.in places of concentration
of stresges and in the mouth of the spreadipng crack.The Inhomo—
geneity of the plastic deformation influences thes plastic pro-
perties and premotes the guicker exaust of bearing capacity of
the material,leading to the deatruction.fhe comprehensive rese-

459




arch of the inhomogeneity of stress-strained states in micro-
volumes of polycrystals in elastic and elasto-plastic fields
permit to define microstructural coefficient of stress and
strain concentration,to determine the role of the microhetero-
geneous deformation in the formation and prognostication of
mechanical properties,to study the mechanism of accumulation

of plastic microdeformations,leading to the destruction of the
material.

METHODS OF RESEARCH

Stresses and deformations in the elastic field were defined on
the basis of calculation of the statistic model of the poly-

crystal with the use of the method of finite elements(Kuksa,

1986),in that case the method of consideration of
crystal on different levels was used:
grain of the polycrystal; 2) a group of grain of the polycrys-
talline agregate,making the elementary volume,which may be en-
dowed with the average properties; 3) the calculating element
Oof the construction(body as a whole).The ground of sizes of

the elementary volume was made on the basis of the research of
the scale efifect of elastic properties of polycrystals

the poly-
1) dimensions of the

Fig.l shows the change of standard deviation of the Young's
modulus,depending on the number of grain characterizing the
linear size of the elementary volume of polycrystal.

30 7 Fig.l. The scale effect of
elastic properties
N 20} 3 of polycrystals.
® 4 5 6 1-Zn; 2-Cu; 3-Fe;
© ol 4-Ti; 5-Al; 6-Mg.
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Different polycrystals have different anisotropy of elastic
properties,it is reflected in the value of standard deviation
depending on 7”7 .When/7=6,the change of the standard deviation
becomes negilible true for all examined polycrystals.It was
taken into account thats? =6.A separate grain of the polycryst-
al was broken into approximately 100 triangular elements.

When using the method of finite elements the creating of the
system of equations (1) includes the calculation of matrix of
the stiffness of the elementary cell (2) as the sum of corres-

ponding members of the matrix of the stiffness of separate
elements (3) .

(K] {6} = {F} . (1)

. (2)
K= 345,
(7= [B] [D][B]At, (3)

i the model; [6}—the
K/ _the matrix of the stiffness of
whezzr[dé :2ansfers; {F} -the vector of loads; [&]—thi Ta;:t:izf
:iz stiffness of separate element; B] -some rectangulzment and'
the elements of which depend on ghiz; pthzfmgtgi:eoi poppriele
he point examined; - X
;:z;:iting,gfff —tge area and the thickness of the element
’ ’

correspondingly.

The deCiSiOll of the System of equa o la-
tions (1) permi s to calcu
te the vector of deformations 5} and stresses {d by the for-

mulas {E}= [B]{S}, (4)
()~ [D](¢}. !

After the definition of the vector of deformation is made by
the formula (4) and the vector of stresses is found by the fgr—
mula (5),we find the principal stresses 6},and deformations &y
for each element,and then calculate the microstruigural coeffi-
cients of stressAg,,,,, and strain concentrationfg max *

/ﬁ; ==C5nmzx/é§; k; -'eﬂ"¢r/@$. (6)

having different crys-

alculate the models of polycry§tals,

t:lclatice: iron(volumecentric cubic laptice),cooper(facet-cen-
tric cubic lattice),titan and zinc(hexagonal lattice) for dif-

ferent kinds of the stress.

neity of plastic deformation was experimently inve-
ztigizggm?gesamp{es,mgde of different polycrystalline ailg{sue_
Tensile test of mainly cylinder samples was made(initia N am
ter is 10mm and length of working part is 100mm).After the i am
thermal processing,the surfacg of samples,which was prep:re1 2s
metallographic polish,was subjected to the multiple elec ig Y
polishing with the subsequent e?ching in order to gxpose thz
microstructure.We made datum points on the surface alongd "
axis of the sample of the diamond pyr§mid.It was made 8n eg th
low load on the indentor(with the minimum base up to_l mim °
the microhardnessmetre with automatic loading,which is p aceti_
on the independent foundation.The measurement of the defozﬁad
on of samples on the microbases was fulfilled with the me bo ’
which is described in the work(Kuksa,1979).The generalogu: eZOO
of research microarea per each sample accounted from 2 : .
The deforming was carried out in a series of consecuti;e s4;ps.
The average deformation of the sample on the step was 2...4%.




The deformation of j's micrearea on the first and next steps
wag calculated in soch a way:

E‘d’-[éﬁf.l _4(01}/4'@1&1-!2‘(2)‘4}4&?;@} and =0 on. (7)

The parameter 4 was defined for the building up of diagrams af
the microheterogeneous plastic deformation

Ke =8 /€ . (8)

rle 7

where &£ = EEH’;” (9}
St

When investigating tvwo-phrase polycrystalline allaysi{the steel

with different content of carbon},we defined the critericns of

th-ﬁ}u:ality using structural components:ferrite X and perli-

ta 3

.

e = E e mar /E, Ao=Epmar /£ (10)

Tha guantity appraisal micro-nonheterocgenelty of deformation as
a whole wag made with the help of the standard deviation and
the variational coefflicient.

RESULTS OF RESEARCH AND THEIR DISCUSSION

The Inhomogeneity of Stress-Strain States in the Elastic Field.
The stress-—strained states in grains of cubic and hexagonal po-
lycrystals with different orientations were caleulated on the
basis of the elaborated method.It is stated the availability of
the incorn inhomogeneity of stresees and strains,which was the
result of elastic interaction of differently oriented grains to
each other.The dependence of the inhomogeneity of stresees and
on the level of the anisotropy of elastic property of aeparate
crystallites was displayed.

The microatructural coefficlente of stress and strain
concentration,the meanings of which are displayed on fig.Z,have
to play a great role in the achievement of limit stresa-stral-
ned states.
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Fig.2. The change of
the microstruoc-
tural coeffici-

£d

3-Cuy; 4=Zn.

The microstructural ccefficients of concentration also depend
on the degree of anlsctropy of elastic properties and on the

kind of the stresses statesl(in that case,it is estimated by the
ratio of pri#cipal stresces } and can count for much,
for example Ag=275 XE;E —for zinc and Kﬁ-‘fi’: Ax=78 _for copper
under the direct stretching [ Oy ‘,l"dﬂ =4 }.Theae results
tegstify the necessity of the coneideration of the microstructu-
ral coefficlents of stress and strain concentration.

The Role of Microheterogenecus Plastic Deformation in the For-
mation of Mechanical Properties and in Pestruction of Two-
Phass Polycryatal Alloys.The difference in properties of sepa-
rate structure components and their percentage content in the
polycrystal alloy play an important role for the two-phaase:: and
many-phase metals.Research,carrled oot on steels with various
content of carkbon showe that the increase of the content of the
more hard but low-plastic component of perlite and decrease of
the component of ferrilte lead to the ralging of criteria of the
locality on ferrite ﬁ; and on perlite ﬂb -

Flg.3 represents grapha of microheterogeneous deformation in
microareas for samples made of steel contalining carbon:
a=0,045%; b-0,12% c-0,23%; d-0,42%; e-0,66%.The smployment of
base in 10mem allowa to distinguish sharp outburste of local
plastic deformation and in that case may be from 2 to more than
4 times.
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Fig.3. Graphs of microheterogeneous deformation.

Fi?-d showsa the change of variational coefficient ¥ ,of the
criteria of locality on ferrite Krand alsa change of mechanic

characteristics of steel depending upon the contents of ferrite
and perlite in the structure of alloy.Upon increasing the level

of microheterogenecus deformation,which is estimated with the
help of criteria of the lorality according to the structure
compaonents of rﬁr. Xp and of variational coefficient ¥ ,the plastic
properties of steel are considerably decreasing.In that case
there are two causes of properties of two-phase alloys:the cha-
nga of the level of microhetercgenecus deformation and plastici-
ty¥ of separate atructure components.Simultanecusly the increase of




contents of ,perlite in comparison with ferrite results in inc-
reasing limit of yield Qy ultimate stress @&, .

A certain connection was deter-
mined between average real defor-

10 mation of the sample before des-
truction,criteria of locality ac-

§ 06/7——_ a cording to the structural compo-
02 nents Kr and Kp and the plasti-

city of separate phases.The des-

6 truction of an alloy begins when
k; » one of the structural components

4 L achieves limit significance of

2

a

b plastic deformationdmmworéknuu.

30 The Micromechanism of Forming Me-
Ei chanical Properties of Steel Ac-
60

cording to Its Structure. Micro-
mechanism of forming of plastic

800
a0
b c and strength properties depending
40 L 140 on the structure for average car-
4 d@ bon steel (carbon content C-0,42%)
200 20 was investigated in different
states.Such states,were the re-
L L , Perlite sult of the process of hardening:
0 o5 at t° 900°C and cooling in water
L L , ferrile yith further heating at the tem-
! 05 0 perature from 100°C to 900°C.

Fig.4.The change of the cha- The changes of the microstructure
racteristics of micro- of steel are reflected in the
heterogeneous deforma- change of properties of microvo-
tion and mechanical lumes,which are defined by the
properties of carbon change of microhardness,and by
steels according to the character of interaction of
the contents of struc- individual microvolumes in the
tural components. process of deformation,evaluated

by variational coefficient V¥ .

The consideration in common (Fig.5) ‘of dependence of ultimate
stress Ou ,real tear resistance C#‘,microhardness ,relative
remaining extention 4§ ,narrowing ¢ ,toughness KCU and varia-
tional coefficient ¢ on the temperature of heating after hard-
ening testifies to their definite conformity.The change of ul-
timate stress Oy corresponds to change of microhardness H
which serves as the indirect characteristics of strengthing
properties of microvolumes (Fig.5a).The decrease of variational
coefficient ¥ is accompanied by the increase of plasticity and
toughness (Fig.5b,c).

The impact tests as well as static tests in microfields'cause
extremely heterogeneous deformation.The toughness is a sensiti-
ve characteristic for the manifestation of microheterogeneity
of deformation of polycrystal materials,changing when depending
on its level more significantly,than the static characteristics

of plasticity.The researches held

allow to make the conclusion that

the composition is the optimal
6'Mﬂa //,Mpa structural one when under the high-
est strength properties of microvo-
lumes it is possible to provide for
the most favourable conditions of
their interaction leading to the
decrease of microinhomogeneity de-
formation.

The Micromechanism of High Tempera-
ture Heterogeneous Deformation and
Destruction of Heat-Proof Nickelifer-
rous Alloys.The investigations con-
ducted on the samples made of heat-
proof nickeliferrous alloys,having
complicated chemical composition,
show the presence of heterogeneous
deformation character on microfi-
elds under various temperature of
deformation (20°C and 750°C).The
level of microinhomogeneouy defor-
mation depends on temperature of
test and speed of deformation.Under
high temperatures of a test the le-
vel of microinhomogeneity of defor-
mation decreases to some extent for
05 ° the bodies of grains,but the loca-
T 0 lization of deformation on the bo-
undaries of grairs increases and

" A o forms microcracks,which take place
400 800 7,C with the decrease of the speed of
deformation:

It is found the dependence of mech-

anical properties for heat-proof
Fig.5.The change of mecha- alloys on the level of microhetero-
nical properties of geneous deformation at the tempera-

steel(C 0,42%) and ture of 750°C and at_the_speed of
variational coeffi- deformation at 1:107° c~* for dif-
cient in dependence ferent regimes of heat treatment,
on temperature hea- distinguished by speeds of cooling

ting after hardening. after heating(Fig.6).The least va-
lue of variational coefficient U
corresponds to greatest value of
characteristics of strength Gu and plastic properties ¢/ (Fig.6,
second regime of heat treatment).The destruction of the alloy
in that case carries advantageously inside crystallite charac-
ter (Fig.7b)opposite to the 1 t and 2P regimes,where the inter-
crystallite character of destruction prevails(Fig.7a,c)and it
is possible to observe the shearing of processes in the zone of
destruction under the 1St regime of treatment.




-L'j, MPa Fig.6.The change of mechanical pro-
perties and variatioral coef-
ficlent depending on the
speed of cooling under diffe-
rent regimes of heat treat-
ment of the heat-proof nicke-
liferrous alloy.

fig.7.Micropicture of deformaticon in the zone uf1destrtctinn of
the heat-praof Eickfliferrnua alloy at 7309C,.speed of de-
formation 1-107° ¢ *: z-the lst,b-the 2nd.c-the 3d regi-
mes of heat treatment,correspondingly.

CONCLUSIONS

It was found that there is an interconnection of the microme-
chanism of deformation with the mechanical properties and the
degtructlon of polycrystal alloys.It is shown that the optimal
struoctural composition is that one,.when with the highest
strength properties of microvolumes the most favourahle condi-
tions of interaction are ensured,what results in decrsasing of
microinhomogeneity of deformation.
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