—

FT————

DEFORMATION LOCALIZATION AND PREFAILURE
OF STEELS UNDER LOW TEMPERATURE

V.P. GULYAIEV
Institute of Physical-Technical Problems of the North, Yakutsk, Yakutia

ABSTRACT

Results of the measurements of the specific energy of deforma-
tion and failure at tension of cylindrical and plane notched
samples are presented. It is shown that localization of defor-
mation in the zone of a stress concentrator depends on the
stressed-strained state mainly. Low temperature of the test

changes sharply deformation mechanisms in the prefailure zone
of steels.
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Material ability to resist to deformation and failure is defi-
ned by the process of plastic deformation in the bounded volu-
mes of a body (Gillemot,1985). At impressed force loading of
an elastic body with a stress concentrator the main work of

deformation is spent in a small volume of the body adjacent to
the net section.

Results of experimental measurements of the average value of
specific energy of deformation and failure for cylindrical and
plane samples of steels by the author’s procedure (Noev et al.,
1984) are presented in the paper.

Energy expenses have been determined at static tension of cy-
lindrical samples with ring notches, made of 20-,10X2I'M-, Y8-
steels, and of plane samples with two-sided notches, made of
10X2I'M-steel. Notches have curvature radii R=1,0; =,25 mm at
the top and specially obtained fatigue cracks.

Cylindrical samples with length 210 mm, diameter @ 15 mm
have 10 mm - diameter in the net section. Plane samples with
380mm-length and 30 mm-thickness have thicknesses 8,12,15 mm.
Tests have been performed under indoor and low temperature.
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With the increase of the radius of notch top rounding w -va-
lues grew, in the zone of etress conecentrator influence parti-
cularly. At tension of cvlindrical samples with notches of the
same depth but of different sharpnees (B=1lmm; 0,25; fatigue
crack) curves of energy expenses for metal deformation at the
distance of more than 30mm from the nctch centre are practi-
cally eguivalent. In the zone, adjacent to the atress concen-
trator, where deformation localization takes place, the inflo-
ence of the notech sharpness decreases considerably. It is seen
(Fig.1l) that the sharp notch with the radius B=0,25mm at the
top cause deformation localization different from that of a
Fatigue crack.

Type of the stressed-strained state has a considerable effect
on the character of energy expenses at static tension of the
samples with notches. Distributicon of w , obtained at tension
of the plane sample {net=-section is 25x15mm) shows that inten-
sive plastic deformations cover the metal volume which is con-
siderakly larger than that of cylindrical samples.

Analysiz of W =values for cvlindrical and plane samples, ha-
ving knowtt dimensione and particular section, show that struc-
ture of 10X2IM-steel provides higher resistance to deformation
and failure. This i1s due to the higher strength of 10X2IM-
steel and its better plastic properties [10XZTM-steel: Eq,=
462MPa, B =67%; steel 20: Opp =242MPa, § =53%).

Specific energy expenses for deformation and failure of steels
10X2TM and - ¥8 cbtained at low test temperatures (Fig.2) are
lower than that obtained under normal conditions. Low plasti-
city of ¥A-eteel, as comparad with 10X2IMM-steel{ & =6%, ¥ =
143}, cause low level of energy expenses and weak localization
of deformations in the 2o0me of the stress concentrator.

Analysis of temperature dependence of yield peint 5,5 , stren-
gth ﬁ‘ and character of deformation lccalization for the
steels conaidered makes it possible to point cut predominant
factors of the prefailure stage.

Under normal test conditions preparing acts cf steel failure
almost donrt depend on the sharpness of the stress concen-
tratcr because this factor cause the same level of material
atrength due to strength and plasticity. Strecsed-strained
gtate iz of considerable importance. It's slight change re-
gults in the increase of the prefailure zone and material st-
rength due to strength properties of the steel structure.

Low test temperatore causes not only redoction of the =one of
deformation localization but change of the character of plae-
tic deformation at the prefailure stage also, which is mani-
fested hy differaent intensity of energy expenses in the zone
aof the stress concentrator.
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Fig.2.Specific energy of deformation and
failure of steels Y8 and 10X2I'M at
low test temperature of cylindrical
samples with fatigue crack.
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