Simulation of hardness distribution in quenched steel specimen
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Abstract: Hardness distribution in quenched steel specimen for two different steels with
different hardenability has been investigated using 3D numerical simulation. Numerical
simulation is consisted of computation of steel cooling curve and computation of hardness in
specimen points.
Numerical calculations of hardness distribution in steel specimen for two different steels
and comparison of calculated results have been performed in order to define appropriate steel
for manufacturing of machine part.
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1. INTRODUCTION
Mathematical modelling of hardness distribution in quenched steel specimens is consisted
of numerical simulation of specimen cooling, numerical simulation of specimen hardening
and respectively prediction of mechanical properties. For the simulation of specimen cooling
which is thermodynamical problem, it is necessary to establish the appropriate algorithm
which describes cooling process and it is necessary to accept appropriate input data.
The accuracy of mathematical modelling of quenching directly depends on the correctness
of input variables applied in the model. Experimentally acquired heat transfer data have
advantages in specific conditions but numerical simulation of quenching with the application
of calibrated heat transfer data is a generalized way of simulation and is largely applicable.
Calibrated data are not as precise as experimentally acquired data but they are useful for large
spectra of specimen dimensions [1].
Mechanical properties can be estimated according to prediction of structure composition.
Structure composition can be defined by kinetic equations of prior structure transformation or
can be estimated by using CCT diagrams. Structure transformation and hardness distribution
can be also estimated based on time, relevant to structure transformation [2].
2. SIMULATION OF SPECIMEN COOLING
The temperature field change is an isotropic rigid body with heat conductivityλ, density ρ
and specific heat capacity c, without heat sources, can be described by Fourier’s law of heat
conduction:
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(cρT ) = divλ gradT
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Characteristic initial condition is:
−λ
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The discretization equation for a 3D situation was established by using the control volume
method [3, 4] and is equal:
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3. HARDNESS DISTRIBUTION IN QUENCHED STEEL SPECIMEN
Numerical calculations of hardness distribution in steel specimen for two different steels
with different hardenability: 41Cr4 and 30CrNiMo4 (DIN) have been performed in order to
define appropriate steel. Steel specimen is shown in Figure 1

Figure 1. Steel specimen
The specimen was quenched in oil with Grossman’s H-value H=0.45 with austenitization
temperature 850°C. Correlation between coefficients of heat transfer and temperature is
appointed with Crafts-Lamont’s diagrams [7].
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Hardness distribution on longitudinal view A-A, and transversal views B-B and C-C are
shown in figures 2 and 3. Hardness values are expressed in HRC. Figures are accompanied
with legend which shows relation between harness and adequate colour.
Hardness distribution in specimen made of steel 41 Cr 4 is shown in Figure 2 and in
specimen made of steel 30 CrNiMo 4 is shown in Figure 3.

Figure 2. Hardness distribution on (a) view A-A, (b) view B-B and (c) view C-C for steel 41 Cr 4

Figure 3. Hardness distribution on (a) view A-A, (b) view B-B and (c) view C-C for steel 30
CrNiMo 4
Specimen made of steel 41 Cr 4 is completely quenched in part with dimension of cross
section of 32mm. In wider cylindrical part decreasing of hardness is visible in deeper layer of
cross sections. Hardness decreasing is the most visible in location of changing the cross
section dimension. The specimen made of this steel has the higher hardness values on the
surface than steel 30 CrNiMo 4. But the steel 41 Cr 4 can not be recommended for
application, because of the very strong decrease of hardness, especially, in location of
cchanging of cross section dimension. Specimen made of steel 30CrNiMo4 is completely
quenched.
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4. CONCLUSION
3D mathematical model of hardness distribution in steel specimen is developed in order to
define hardness distribution in steel specimen with complex geometry. Model is based on
control volume method and consisted of numerical simulation of heat transfer during the
cooling and of numerical simulation of specimen hardening. Input variables are estimated by
inverse method. Heat transfer data estimated in such way are suitable for computer simulation
of quenching of steel before selecting optimal material and processes.
Numerical simulation of hardness distribution after quenching in concrete specimens made
of two steel with different hardenability, shows that specimen made of steel 30CrNiMo4 is
completely quenched and that hardness in specimen made of steel 41Cr4 is decreasing in
deeper layers due to lesser hardenability.
According to investigations of oil quenching of concrete specimens it can be concluded
that the steel 30 CrNiMo 4 is better choice for manufacture of machine part.
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