BicHuk TepHONiIbCHKOr0 HAIOHAJILHOT0 TEXHIYHOT0 YHIBEPCUTETY

Scientific Journal of the Ternopil National Technical University
u 2017, Ne 4 (88)

ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC 539.4

INFLUENCE OF THE CUTTING DIRECTION OF THE CHARPY
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Summary. The Charpy specimens impact tests are one of more simple and inexpensive methods to
determine the mechanical properties of materials. The results of these tests can be used to estimate the strength
and durability of large-scale structures. A series of the Charpy specimens impact test from high-alloyed high-
temperature resistant steel LOGN2MFA were carried out in the temperature range of —130 +~ +70°C with control
of cutting direction. The tests were conducted on instrumented vertical impact machine, which can record a full
diagram of specimen’s deformation and fracture. The values of total energy of deformation and fracture and its
components: energy of crack initiation, energy of ductile crack growth, brittle cracks energy and ductile rupture
energy were determined. It was found, that ductile-brittle transition temperature for specimens cut in longitudinal
direction (group GK) is higher than for specimens cut in transversal direction (group GO). It is shown, that the
cutting direction of Charpy specimens significantly influences the values of total energy of deformation and
fracture and its components, and the values of the ductile-brittle transition temperature for LOGN2MFA steel.
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Statement of the problem. The world experience shows, that the standard basis
available in Ukraine needs improvements for more correct interpreting of strength and
durability of the nuclear power-station 1"t contour elements. Nowadays different numerical
and experimental methods are being developed and improved for solving the problems of
broadening the power-stations equipment operation life looking for the additional margin of
safety.

While calculating the brittle fracture resistance it is necessary to know the value of the
critical brittleness temperature Tko of the material in the initial state in order to build the curve
of the permissible values of the stress intensity factor ( SIF ). Usually Tko is found according
to the results of the impact tests of the Charpy specimens, the methods of finding Tko and other
factors affecting the value of Tko being of special attention nowadays. The result of the bending
tests of the specimens with concentrators differ from those cut in the longitudinal and
transversal directions. That is why the investigation of the effect of the cutting direction of the
Charpy specimens and the cut orientation on the results of the impact tests, as well as the
determination of the critical brittleness temperature, are the pressing problems.

Analysis of the available results of investigations. The authors [ 1 ] confirm the strong
difference between the transversal and longitudinal properties while impact bending testing of
specimens with the concentrator on the contrary to the static testings. Because of that the
construction conditions for choosing materials for special structures the requirements standards
of the specimens impact brittleness cut in both transversal and longitudinal directions are
introduced.
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In the paper [ 2] it is shown, that the available stress concentrator, as well as the dynamic
nature of loadings during impact bending testing, often result in the more clear appearance of
the metal anisotropy. Therefore, under the equal values of the ultimate strength in the
transversal and longitudinal directions the impact brittleness of the transversal specimens from
steel 30ChGSA can be in three times lower, than those from the longitudinal ones.

The fibre microstructure does not affect the ultimate strength, yield and proportion, but
is sufficient on the impact brittleness, transversal reduction, elongation and ultimate durability
[ 3 ]. These characteristics are improved along the fibre and get worse in the transversal
direction. If the temperature curves, which specify the dependence of the impact brittleness of
the steel 09G2S on the rolling direction, are compared, it is seen, that the impact brittleness in
the circle direction ( axis crack ) decreases by 20 — 30% in comparison with the longitudinal
one ( circle crack ). Thus, the other characteristics obtained from the impact tests, such as
ductile-to-brittle transition temperature, critical value of the J-integral, etc., can differ greatly.

The Objective of the paper is the investigation of the cutting direction of the Charpy
specimens from steel 10GN2MFA and the cut orientation on the energy characteristics of
fracture and the ductile-to-brittle transition temperature.

Statement of the task. In the paper in question the impact tests were carried out on the
instrumented vertical impact machine [ 5] equipped with the multi-channel system of the power
recording ( discretization frequency 20 MHz ), the system of heating and cooling of specimens
within the broad range of temperatures [ 6 ]. The standard Charpy specimens of 55 x 10 x 10
mm [ 7,8 ] were tested. The tests were carried out within the temperature range -130 + +70 °C
at the impact velocity Vo = 4,4 m/sec. The standard Charpy specimens from the steel
10GN2MFA ( Fig. 1) were made for the tests.

The steel 10GN2MFA is used for the production of steam generators, pressure
compensators, main central pipeline ( MCP ) and other elements of the 1 contour equipment
elements of the nuclear power plants, which operate under high temperature and pressure. The
Charpy specimens were made of the main metal from the acceptance of a control weld of the
MCP part @990x70 in the initial state.

To investigate the circle and axis crack propagation the specimens cut in two directions
— longitudinal and transversal, as it is shown in Fig. 2, were cut.
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Figure 1. Standard Charpy specimen

Figure 2. Scheme of cutting specimens from the part of the MCP
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Figure 5. Diagrams of the specimens deformation at the

Influence of the cutting direction of the charpy specimens from the steel 10GN2MFA on the components of the
fracture energy and the ductile-to-brittle transition temperature

On the specimens cut in the longitudinal direction the circle crack propagation (the
specimens group was marked GK) was investigated, and on the specimens cut in the transversal
direction the axis crack propagation (the specimens group was marked GO) was investigated.

Analysis of the results of investigation. The carried out impact bending tests of the
standard Charpy specimens from the steel 10GN2MFA made possible to determine the
characteristics of the crack propagation in two directions.

The diagrams of deformation and fracture P(t). In Fig. 3 — 6 the diagrams of the load
change on the time P(t) are presented, which were obtained according to the results of the two
type specimens tests. It is seen (Fig. 3), that the fracture of two specimens types at the test
temperature -120 °C is of the brittle nature, here the specimens with the circle crack fracture
energy being of much higher value. At the tests temperature -50 °C (Fig. 4) the brittle fracture
of the GO specimens occurs, at the same time on the diagram of the GK specimens fracture the
area of the ductile crack growth, the area of the crack brittle growth, as well as the area of the
crack rupture energy, are clearly seen. According to the Fig. 5 at the temperature 0°C the GO
specimens have a small area of the crack brittle growth, at the same time the GK specimens are

of the totally ductile fracture-type nature. At the temperature 50 °C both groups of specimens
are of the ductile-type fracture.
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Figure 3. Diagrams of the specimens deformation at the Figure 4. Diagrams of the specimens deformation at the

temperature -120°C: 1 specimens of the GO group, temperature -50°C: 1 specimens of the GO group,
2 specimens of the GK group 2 specimens of the GK group
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Figure 6. Diagrams of the specimens deformation at the
temperature 0°C: 1 specimens of the GO group, temperature 50°C: 1 specimens of the GO group,
2 specimens of the GK group 2 specimens of the GK group
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Determination of the energy of deformation and fracture. The nature of the specimens
fracture changes depending on the tests temperature and the deformation rate. High sensitivity
of the recording system makes possible to separate the load diagram into the characteristic areas
to calculate the values of the total energy of deformation and fracture E: and its components:
the energy of the crack initiation Einit, the energy of the crack ductile growth Eq.g., the energy
of the brittle crack growth E, and the energy of the ductile rupture Eq. (Fig.7) [9]. Here it was
assumed, that the crack initiation is at P=Pmax. The values of the total energy of deformation
and fracture, as well as its components, were found according to the standard 1SO 14556 [7],
which deals with the transformation of the diagram P(t) into P(s).
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Figure 7. Separation of load diagram P (t) into the
characteristic areas

In Fig. 8 — 11 the graphs of the temperature dependences of the total energy and its
components for two groups of specimens are presented.

The GK group specimens are characterized by more high crack initiation energies and
the rupture energies, as it is shown in Fig. 8, 11. The GO group specimens are characterized by
more high crack propagation energies in the area of the crack stable growth and the crack
propagation in the areas of the brittle growth, as it is shown in Fig. 9, 10.
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Figure 8. Temperature dependence of the crack Figure 9. Temperature dependence of the ductile crack
initiation energy: 1- specimens of the GK group, growth energy: 1 specimens of the GO group,
2- specimens of the GO group 2 specimens of the GK group
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fracture energy and the ductile-to-brittle transition temperature
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Figure 10. The temperature dependence of the brittle Figure 11. Temperature dependence of the ductile
crack growth energy:1- specimens of the GK group, rupture energy: 1- specimens of the GK group,
2- specimens of the GO group 2- specimens of the GO group

The diagram of dependence of the fracture energy on the temperature for the standard
Charpy specimens, as well as for all materials with the volumetric crystal lattice (VCL) [10]
looks like the sigmoidal curve with the clearly seen lower and upper shelfs. As it is seen in
Fig.12 the lower shelf energies are almost of the same values, at the same time the energies of
the upper shelf being of great differences. Thus, the energy of the upper shelf for the specimens
with the circle crack are by 40% higher, than those for the specimens with the axis crack.
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Figure 12. Temperature dependences of the total fracture
energy: 1- specimens of the GK group, 2- specimens of the
GO group

Fractography investigations. According to the fractography investigations of the
fracture surfaces the relations between the characteristic zones were found. In Fig. 13 — 15 the
graphs of temperature dependences of the percentage of the characteristic fracture area of the
Charpy specimens are presented.

The analysis of the fracture area of the Charpy specimens showed, the GK group
specimens are of greater square of the stable growth area in comparison with those of the GO
group. (Fig. 13), but of the smaller rupture percentage (Fig. 15). Therefore, the brittle growth
area of the GK group specimens is located much more far from the concentrator, which testifies
more later brittle crack initiation in comparison with the GO group specimens (Fig. 16, 17).
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Here the square of the brittle fracture area for the specimens of both GK and GO groups, in

fact, do not differ at equal temperatures (Fig. 14).
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Figure 13. Dependence of the percentage of
the stable crack ductile grouth area on the
temperature: 1 specimens of the GK group,
2 specimens of the GO group

Figure 14. Dependence of the percentage of
the brittle crack grouth area on the
temperature: 1 specimens of the GK group,
2 specimens of the GO group

Figure 15. Dependence of the percentage of
the ductile rupture area: 1 specimens of the
GK group, 2 specimens of the GO group
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Figure 16. Fracture surface of the specimen from Figure 17. Fracture surface of the specimen from
steel L0GN2MFA with a concentrator of circular steel 10GN2MFA with a concentrator of axial
direction (group GK) at temperature -25°C direction (group GO) at temperature -25°C

Determination of the ductile-to-brittle transition temperature. Basing on the
fractography investigations of the fracture surfaces of the both group specimens the estimation
of the ductile fracture component was carried out. According to the obtained diagrams the
specimen fracture ductile component dependence on the temperature and the temperature
dependence of the fracture energy the first critical temperature of brittleness was estimated, at
which the percentage of the ductile component in the fracture is equal to 50% of all the fracture
square T« = Tso% [10] ( Fig.18 ). For the specimens cut in the longitudinal direction
Tso% = -40.4 °C. For the specimens cut in the transversal direction Tsey =-31.2 °C.
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Figure 18. Temperature dependence of the percentage of
ductile fracture for two specimen groups from steel
10GN2MFA
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Thus, for the steel 10GN2MFA the cutting direction of the Charpy specimens affects
sufficiently the value of the fracture energy of the specimens and its components, as well as the
value of brittleness critical temperature.

Conclusions. The impact tests of the standard Charpy specimens from the steel
10GN2MFA cut in two directions-longitudinal and transversal, at different temperatures on the
instrumented vertical impact machine, were carried out. According to the test results the
temperature dependences of the total energy of deformation and fracture, as well as its
components, were built. According to the fractography investigations the temperature
dependences of the ductile component of the two group specimens fracture, were obtained and
their comparison was made. It was shown, that the cutting direction of the Charpy specimens
affects sufficiently the value of the energy of the specimens fracture and its components, as
well as the value of the brittleness critical temperature for the steel 10GN2MFA.
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V]IK 539.4

BIIVIUB HAITPAMKY BUPI3KH 3PA3KIB HIAPIII 31 CTAJII
10rH2M®A HA CKJIAJIOBI EHEPI'II PYHHYBAHHS TA
TEMIIEPATYPY B’A3KO-KPUXKOI'O HIEPEXOJY

Anapiit Kpasuyk; €Brenii Konapsakos; Ouexkcanap Ilanacenko;
Baunepiii Xapyenko

Inemumym npoonem miynocmi im. I'.C. Ilucapenka HAH Yxpainu, Kuis,
Ykpaina

Pesrome. [lposedeno yoapui eunpobdysanns cmanoapmuux 3pasxie Ilapni 3i cmani 10TH2M®A,
BUPI3AHUX Y 080X HANPAMKAX — MNO3008HCHLOMY MmMd NONEPEeYHOMY, 34 DpI3HUX memnepamyp Ha
IHCIMPYMEHMOBAHOMY BEPMUKAILHOMY KONpI. 3a pe3yrsmamamu 6unpo6yeanv noby008aHO meMnepamypHi
3ANEHCHOCII NOBHOT eHepeii 0eqhopMysantsi, PYUHYSanHs ma il cKiadosux. 3a pesyiomamamu Gpakmozpa@iuHux
00CNIONCEHb OMPUMAHO MEMNEPAMYPHI 3ANIeHCHOCE NUMOMUX eHep2ill HA PI3HUX OLISIHKAX NOGEPXHI 31amy ma
npo6edeHo ix NOpIGHAHH: OJisl 080X ePYN 3paA3Kie. Busnaueno kpumuyni memnepamypu Kpuxkocmi.

Kniouosi cnoea: 3paszox I[llapni, nanpsamox eupizku, enepeis Oegopmyeanuss ma pyumy8amnms,
memnepamypa 8 ’si3k0-Kpuxko2o nepexooy.
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