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ABSTRACT

This paper presents of author's investigations on martensitic
phase distribution in plastic zones under the fracture surfa-
ce of austenitic Fe~Ni and Fe-Mn steels, tested under diffe-
rent types of loading conditions: static, impact, fatigue.

A method for an estimate the material local temperature at
the propageting crack tip is presented. It is based on deter-
mination the quantity of the martensite formed on the fractu-
re surface.
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INTRODUCTION

It is known that the fracture of metallic materials is accom-
panied with plastic zones at a growing crack tip. The depth
and quantity of plastic zones is connected to the material
local stress state formed during the fracture (Hellon,1984).
Phase transformations teke place in plastic zones during aus-
tenitic steels fracture.Moreover the plastic strain promotes
to these transformations, but the local heating at the crack
tip prevents from them. Finally, the structure and the local
temperature behind a growing crack tip define a material fra-
cture resistance. However the information about phase trans-
formations in plastic zones of austenitic metastable steels
tested under different types of loading conditions is absent.
It make difficult to forecast steels behavior and restrict
possibilities to use this type of steels. :

EXPERIMENTAL RESULTS
Materials tested were austenitic Fe-Ni steels H32T3, H26T3
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andi Pe-Mn staels 40M18d, 03IX13AM 19, The chemical compositionm
i3 given in Tahie 1. The type of the martensitio tranaforme-

tion and temperatures of the martenaitic transformetion start
are given in Table 2,

Table 1. Chemdcal composition

Steel g ¥ w@  or ™ ¥ x
H32173 GO B e o R
H26T3 D,035 26,6 - - 3:18 - -
40ras 0,420 - 17,96 0,09 - 1,22 -

Q3X13AM19  ©,030 0,7 18,37 12,5 -
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Steel l‘a.“u lﬂ,GG T¥pe of transformationa
3273 -196 20 o R
H26T3 ~20 50 &=l
40r18wm =135 -20 4=b=
03X13ar1s ~1596 20 F—=E&—= L

o e s o . e

Impact tests were performed using the standard method at se-
verel temperatures ing from -196 to 1509C. Por atatic
crack resistance tests and fatigue testa standaprd compact te-
Folon specimens (CT) with thickneas of t=19,5¢ 10~y were used.
Fatigue teats were conducted with stresa ratio B=0,5 at tempe-
retures -196,-30,20 and 15000, The depth of layer of plastic
zones under the fracture surface snd veriniions of the materi-

8l atructure within plastic zonea were memsursd by K-ray dif-
fraction technique.

The fracture mode of the hardenad Pe-Ni ateela ia independent
of the impact teat temperature. The fracture aurface is duc-
tile at all teat temperatures. The depth of layer of plaetic
Zones under the central part of the fracture surface decres-
8e8 with the decreame of the test temparature.

Two plaatic zones were found under the frecture surface aof
Specimens tested within temperatura interval from
=196 to 150°C. There are highly deformed micro plastic zone
h:rh and lowly deformed macro plastic zone (P1g.1). The amo-

unt of -martensite ig practically constant within plastic
zonesa irrespective the existence of the material plastic atre-
in gradient in plastic zonea. I{ may be supposed that the
such distribution of tha martensitic phase within plastic zo-

nes ia connected to the material local heating at the pPropa=
Bating crack tip.
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duc=
frec ode of hardened Pe-Mn steels tranaite from

ﬁie to ;Eﬁirlne-t-nleavage faceta when the teat temperature de-
erease. The lowly deformed macro plastic zone disappear,

For example only one highly deformed miero plaatic zone h:rh

from
i dar the fracture surface of specimens mads
igrfggegtglﬂanﬂ teated at the temperature -196°9C (Pig.2).
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- raction line width
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The amount of o/ -martensite decreases with the increase the
distance from fracture surface. The amount of € -martensite
increases under the fracture surface, arrives to the maximum
amount under fracture surface where the plastic strain is lo-
wer then on the fracture surface and then, decreases. Similar
results were obtained in investigation on the martensitie
phase distribution in plastic zones of aged Fe-Ni and Fe-Mn
steels. If suppose that the brittle fracture is't accompanied
essential material local heating at the crack tip then the
ol-martensite distribution under the fracture surface will

show the plastic strain change along the depth of plastic zo-
nes.,

Similar regularities of plastic zones formation and martensi-
tic phases distribution were found under static tests of spe-
cimens made. from steel 03X13AI19 and tested at the temperatu-
re interval ranging from =196 to 150°C,

Two plastic zones both cyclic kﬁyh and monotonic h_ are formed

under the fracture surface of specimens manufacted from steel
03X13Ar19 and tested under fatigue loading conditions (Fig.3)
The regularities of the martensitic phase are the same as in

steels tested under single loading.

Fig.3.Variation of width
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By virtue of the analysis of martensitic phases distribution
within plastic zones under the fracture surface of specimens
made from austenitic Fe-Ni and Fe-Mn steels and tested under
different types of loading conditions we have proposed a me-
thod for determination of the material local temperature at
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the crack tip (Klevtasov at al.,1991). For example the harden=-
ed austenitig steel H26T3 was used. Suppose it is necessary

to determine the material local temperature at the cga.ok tip
of impact specimens tested at temperatures 20 and S0°C(Figé)

, Fig.4.Temperature dependen-
ce of the amount of
ol -martensite in the
L% hardened steel H26T3.
1-cooling martensite;
2-martensite on the
1 fracture surface of
%j impact specimens; 3-5-

T
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\‘\ -on the fracture sur-
* T face of static speci-
mens tested at 40,70
~ and 100°C and cooled
— to different tempera-
\<1 1 tures; 6-on the frac-
N ] ture surface of sta-
100 0 Tec tic specimens cooled

o ) , to -500C tested at
20°C and again cooled
to different tempera-

tures.

0
cooling martensite is absent at the temperature 20 C. The
g;gunt of %he cooling martensite at the temperature -50°C is
equal to 30% (Fig.4,curve 1). In order to solve the problem
static tests were performed on bend notched specimens within
temperature intervel ranging from 40 to 100°C. We used loa-

*10” terial
ding rate vload.‘ 310" "m/sec in fact excluded the mate

ating. Then we determined the amount of [(-martensite
égc?c.}]ieh‘ie’mcntﬁre surface, after that fractures were cooled to
temperatures 20°C,-20°C etd., and again the amount of oC-mar;
tensite on these fracture surfaces.was determined. Thetamgmé
of L -martensite on the fracture surface 8f specimens eg e -
at 40°C (curve 3), 70°C (curve 4) and 100°C (curve 5) %ﬁ co
oled to different temperatures is presented in Fig.4. e:.mcs)-
unt of o -martensite on the fracture suri’aceoof spec::lmen:n egs~
ted at the temperature 70°C and cooled to 20°C as shown
Fig.4, is equal to the amount of L -martensite on the fgaotu-
re surface of the specimen tested at the temperature 20 C}.l
Thus the material local temperature at the cragk tip of the
impact specimen tested at 20°C was equal to 70°C and theo;mo-
unt of o -martensite formed during the test was equal 5 =
(Fig.4,curve 4), The makerial local temperature at the cra;:-n
tip of the impact specimen tested at -50°C was determined
a similar way (Pig.4,curve 6). The material local temperature
was equal to 20°C and the amount of oJ +martensite formed du-
ring the test was equal 82%. The proposed technique ma{hlmt
used only for metastable austenitic steels in which bo : ra-
in-induced martensite and cooling martensite are formed a
temperatures below the test temperature.
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CONCLUSTIONS

Distribution of martensitic phages within plastic zones
under the fracture aurface of auatenities ateela im indepe-
ndent from typea of loading conditiong but 18 comneotes to
the fracture mloromechanism, The amount of of-martenasita

iz constant within the micro plestie Zons under the duwctile
fracture surfage of Bteela. The amount of o -martensite de.
orease along the depth of the plastic zong inder the brit-
tle fractupe surface of steels,

The maximum amount of £ -mertensite form under the frocture
surface where tha plastic atrain is lower then on the fra-

cture aurfaca, The maximm amount of o ~martenaita form on
the fracture surface,

The increase of the aingle loading rete lead 4o the decre-
Bae of the amount of martensitic phases in Plastic zones
under the fractyre surface. The moat of “he martensite wag
found in plamtie Zonea under the fragturs surface of ape-
cimens tested Under fatigue loading conditions,
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