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DETERMINATION OF MECHANICAL PROPERTIES OF STEEL
15Kh2NMFA USING INSTRUMENTED INDENTATION RESULTS
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Summary. The algorithm of reproduction of the deformation curve for the tensile test specimens using
the contact deformation diagram parameters has been devised. The mechanical characteristics of steel
15Kh2NMFA have been determined from the uniaxial tension diagram obtained by the instrumented indentation
method. It is illustrated that the deflection between the strength characteristics determined from the indentation
and tensile test results does not exceed 1%.
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Introduction. Providing the reliable operation and possibilities to prolong the
responsible equipment lifetime greatly depend on the correctness and the accuracy of
determination of the mechanical properties of the structural materials and their change while
operating. Nowadays there is a great need to obtain new data on the reactor vessel materials
and other important nuclear plants equipment deformation and fracture processes, taking into
account the real loading conditions, determination of their damage while operating.

In order to obtain more complete and precise information on the material behavior under
loading, the instrumented methods of the materials and the structural elements testing are being
developed efficiently in the world, which are based on the compilational recording of the
parameters of the total process of deformation. Among such methods the instrumented
indentation method, known as the method of the kinetic hardness, is one of the most important
[1-3]. Now this method is developed efficiently and widely used for the determination of the
structural materials degradation, but raising of the determination accuracy of the metal
mechanical properties, as well as it was earlier, is of great importance and a pressing task for
the fracture mechanics [4-5].

To raise the reliability of the current control of the mechanical properties of the
equipment elements structural materials basing on the indentation methods it is worth while
taking advantage of the approach for the reproduction of the metal tension diagram according
to the parameters of the contact deformation diagram [6-7].

The objective of the work is to obtain the diagram of the uniaxial tension of the steel
15Kh2NMFA taking advantage of the instrumented indentation method and further to
determine the mechanical properties of the material.

The approach for the reproduction of the tensile test specimens deformation
diagram according to the instrumented indentation results.

This approach is based on the solving of the forward and inverse problems of the
software complex modeling of the material continuous contact deformation process by the
indenter basing on the finite elements method.

The development of the finite element model, computational modeling of the material
contact deformation process by the indenter and plotting of the instrumented indentation
diagram while processing the obtained results are the components of solution of the forward
problem. While solving the forward problem the tensile diagram is known in advance. The
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forward problem approvement is performed on the model material, for which the diagrams of
the specimens tensile deformation and indentation are determined. The problem is considered
to be solved, if the deflection of the instrumented indentation diagrams, plotted according to
the results of the experimental tests and those of the computation modeling, does not
exceed 1%.

While solving the reverse problem the experimental indentation diagram is the data
mass for the computational modeling. The solving of the problem itself is the reproduction of
the tensile diagram using the calculation model plotted while solving the forward problem. The
algorithm of reproduction of the deformation diagram of the specimens tensile test using the
instrumented indentation is shown in Fig. 1

The problem is solved as follows. The mechanical properties of the material are
determined using the experimental indentation diagram, according to which the initial metal
tensile diagram is plotted. The obtained diagram is used for the computational modeling of the
instrumented indentation process. According to the results of the computational modeling the
diagram of the contact deformation is plotted, which is compared with the experimental one. If
the deflection between the diagrams of the instrumented indentation built according to the
results of the experimental data and those of computational modeling does not exceed 1%, the
initial diagram of the metal tension is considered to be reliable. In another case, the initial
diagram of the metal tension must be adjusted and the computational modeling must be
performed using the adjusted diagram.

Plotting of the diagram for the VVER-1000 reactor vessel metal deformation
according to the results of the computational modeling of the indentation process.

The solution of the forward problem and the detailed description of the finite element
model for the calculation of the material contact deformation by the steel ball is presented in
the paper [8]. The structural steel 45 was used as the model material.

The reverse problem was solved for the steel 15Kh2NMFA. To determine the current
values of the mechanical properties of the steel 15Kh2NMFA being widely applied for the
production of the corresponding nuclear plants equipment (bodies, caps and other units of the
reactors), the methods and corresponding to them equipment developed at the G. S. Pisarenko
Institute for Problems of strength of the NAS of Ukraine, have been used [9-11].

The values of the mechanical properties, obtained taking advantage to the instrumented
indentation method, are presented below: ultimate strength being o, = 748,0 MPa, yield
strength — ¢o.2 = 611,0 MPa and modulus of elasticity — £ = 1,92x10° MPa.

The initial diagram of the specimens tensile deformation is plotted according to the
values of the mechanical properties determined due to the indentation results. To plot such a
diagram the special software has been developed, which makes possible not only to plot the
tensile diagram due to the mechanical properties determined taking advantage of the
instrumented indentation method, but to perform and adjust it depending on the deflection value
between the diagrams the instrumented indentation being plotted according to the results of the
experimental data and computational modeling.

The initial diagram of the specimens tensile deformation is presented in Fig. 2, where
the comparison of the instrumented indentation diagrams is shown, which were plotted
according to the experimental data and the computational modeling. Is is seen, that the values
of the maximum loading on the indenter under the computational modeling being lower than
the real value. Deflection between the diagrams in the loading area is 4,5%, in the unloading
area — 3%.
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Figure 1. Algorithm of reproduction of the deformation curve for the tensile test specimens using the
instrumented indentation results
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Figure 2. Initial diagram of the deformation of the tensile test specimens (a) and comparison of the instrumented
indentation diagrams (b) developed from the experimental data (solid line) and numerical simulation (0)
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Because of the sufficient deflection between the calculated and experimental data the
adjustment of the initial tensile diagram was performed taking into account the differences
between the indentation diagrams built according to the results of the experimental data and
those of the computational modeling.

The adjustment of the deformation diagram for the tensile test specimens had been
performed up till the deflection between the indentation diagram, did not exceed 1%. In Fig. 3
the indentation diagrams for the steel 15 Kh2NMFA within the coordinates “loading F —
indentation depth h” are presented, which were plotted according to the results of the
experimental data and the computational modeling using the adjusted tension diagram at the
final iteration.
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Figure 3. Diagrams of the contact steel ball deformation of 15Kh2NMFA in coordinates load F vs indentation
depth h (a) based on the experimental data (solid line) and numerical modeling (o) using the adjusted tension
diagram at the final iteration (b)

The uniaxial tension diagram for the reactor vessel metal (steel 15Kh2NMFA), obtained
using the computational modeling of the indentation process, is presented in Fig. 3,b. The values
of the mechanical properties characteristic, determined due to the uniaxial tension diagram
obtained taking advantage of the instrumented indentation method and specimens tensile tests
according to the TOCT 1497-84 standards, are presented on the Table 1.

Table 1

Comparison of the mechanical properties of steel 15Kh2NMFA determined using different methods

. . Values, MPa Deflection
Mechanical properties A%
I'OCT 1497-84 Indentation method ) 70
Yield strength, 00,2 640,5 638,1 0,4
Ultimate strength, o, 724,2 728,4 0,6

Conclusions. Taking advantage of the developed methods and updated experimental
equipment for the structural materials testing, using the method of instrumented indentation,
the approach of the reproduction of the deformation diagram for the tensile test specimens
according to the results of such testings, has been proposed, the uniaxial tension diagram of the
steel 15Kh2NMFA being obtained experimentally. Owing to it the deflection between the
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values of the strength characteristics determined while indentation and tensile testings does not
exceed 1%.
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Pestome. Pospobneno ancopumm @iomeopenns oiazpamu 0ehopMy8aHHs 3paskié Ha posmse 3d
napamempamu diazpamu KOHMAKMHO20 Oeopmysanns. Busnaueno mexaniumi xapaxmepucmuku cmani
I5X2HM®A 3a diacpamoro 00HOBICHO20 pO3MAZY, OMPUMAHOT MEMOOOM THCMPYMEHMOBAHO20 THOEHMYBAHHSL.
Iloxazano, wo GiOXUnNeHHs MidC 3HAUEHHAMU XAPAKMEPUCIUK MIYHOCMI, GU3HAYEHUMU NPU THOEHMYBAHHI U
sunpoOysanti Ha posmse, He nepesuwye 1%.

Knrwuosi cnosa: memoo iHcmpymeHmosanoeo IHOeHMY8aHHA, SUNPOOY8AHHA HA po3mse, diazpama
iHOeHmMYB8aHHS, MemOO CKIHYEHHUX eleMeHMI8.
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