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Abstract

Steel grade 14MoV6 3 is used for manufacturing of boilers and steam pipelines designed for steam temperatures
up to 560°C. This paper presents the experimental analysis which included impact toughness test. The analysis resulted
in impact energy values, and their respective components, crack initiation and crack propagation energy, and
represents the initial stage of extensive research involving the behavior of 14MoV6 3 steel. The aim was to determine
the effects of temperature (room vs. operated), as well as the effects of specimen orientation with regards to the rolling
direction, on the impact toughness and the relation between its components.
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1. Introduction

Fracture is defined as the separation of a material into two or more parts under the influence of stress. Fracture in
majority of the cases is initiated by a small crack which develops into a major separation to cause failure. It
therefore becomes very important to study the influence of the crack on the structural integrity.
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Experimental analysis involved impact toughness tests. Impact toughness, obtained on the instrumented Charpy
pendulum [1-3], giving as results the crack initiation energy value, the value of energy needed for the propagation
of the crack, as well as the total crack energy. Those results can also be used as a comparative measure of crack
resistance. Extensive information about similar tests carried out on creep-resistant materials and their behavior in
terms of toughness and temperatures can be found in [4-6].

2. Material details

Steel grade 14MoV6-3 is classified as low-carbon steel micro-alloyed with chromium, molybdenum and vanadium.
It is delivered in normalized and tempered condition. The chemical composition of the investigated material is given
in Table 1.

Table 1. Chemical composition of as-received steel, %owt.
C Si Mn P S Al Cr Mo \
0.12 0.37 0.65 0.01 0.01 0.004 1.042 024 0.16

For tensile and impact testing, the specimens were taken from the pipe of outside diameter 609 mm and wall
thickness of 25 mm. Material’s mechanical properties for two tested temperatures, i.e., room temperature (RT) and
operating temperature (OT) of 540 °C, are shown in Tables 2 and 3, respectively.

Table 2. Mechanical properties of material tested at RT

Elasticity Yield stress Tensile strength ~ Total elongation  Poisson's
modulus ratio
E, GPa Ry0.2, MPa R, MPa A, % v
197 363 458 26.8 0.3

Table 3. Mechanical properties of tested material at OT.

Elasticity Yield stress Tensile strength ~ Total elongation Poisson's
modulus coefficient
E, GPa Ry0.2, MPa R, MPa A, % v
138 214 300 29.4 0.3

3. Experiment
The Charpy-V impact tests were performed on the virgin material (VM) 14MoV6-3 steel at RT and at OT, in

accordance with standard [7]. Charpy specimens were extracted from two rolling directions, transversal (T) and
longitudinal (L), Figure 1 [8].
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Figure 1. Charpy V specimen and V notch location (L-T orientation of Charpy specimens)
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Two typical diagrams, force vs. time, and energy vs. time, obtained by instrumented impact testing are presented in
Figs. 2 and 3 for the VM specimens extracted in the direction of pipe rolling (L), and in Figs. 4 and 5 for the VM
specimens extracted transversely (T) to the pipe rolling direction, tested at RT, as well as at OT.
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Figure 3. Force vs. time and energy vs. time for VM specimens L1HT, L2HT, L3HT, tested at OT
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Figure 4. Force vs. time and energy vs. time for specimens TIRT, T2RT, T3RT, tested at RT
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Figure S. Force vs. time and energy vs. time for specimens TIHT, T2HT, T3HT, tested at OT

4. Results and discussion

Obtained results for total impact energy, and its components, crack initiation and crack propagation energy, are
summarized in Table 4 for the specimens extracted in the direction of pipe rolling (L), and in Table 5 for the specimens
which were extracted transversely (T) to pipe rolling direction at RT, as well as at OT.

Table 4. Impact energy test results for the specimens extracted in the direction of pipe rolling (L)
Specimen Eun J Mean value, Ei,J Mean'value, EpJ Mean value,
Etw, J Ei,J Ep, J

L-RT-1 117 61 56

L-RT-2 98 103 58 59 40 44
L-RT-3 94 59 35

L-HT-1 91 37 54

L-HT-2 103 97 41 38 62 59
L-HT-3 96 35 61
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Table 5. Impact energy test results for the specimen extracted transversely (T) to pipe rolling direction
Mean value, . Mean value, Mean value,

Specimen Etor, J Euir J Ei,J Ei,J Ep, J EpJ
T-RT-1 197 67 130
T-RT-2 241 217 68 71 173 146
T-RT-3 213 77 136
T-HT-1 142 55 87
T-HT-2 136 140 58 59 78 81
T-HT-3 143 64 79

The dependence of Ei of tested steel on the test temperature is given in the diagram in Fig. 6 for the specimens
sampled in both, L and T-directions.
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Figure 6. Change in total impact energy with test temperature change

Impact energy results for VM samples taken out in the L- and T-direction and tested at RT and opereted temperature (OT) are
presented in the diagrams in Figs. 9.

Based on the obtained results of the impact tests, with the increase in the test temperature, there is a drop in the total impact
energy Ei, Fig. 6 and Fig. 9. The obtained values of the total impact energy, for the specimens sampled from the L-direction,
range from 103 J obtained at RT to 97 J obtained at OT, and for the specimens sampled in the T-direction range from 217 J
obtained at RT to 140 J obtained at OT.

Participation of energy in the initiation of cracks, E;, for specimens sampled in the L-direction, ranges from 59 J obtained at RT
to 38 J obtained at OT. The values of the crack propagation energy, E;, range from 44 J at RT to 59 J obtained at OT.

Participation of energy in the initiation of cracks, E;, for specimens sampled in the T-direction, ranges from 71 J obtained at RT
to 59 J obtained at OT. The values of the crack propagation energy, E, range from 146 J obtained at RT to 82 J obtained at OT.

By comparing the results for the specimens taken out from the steel pipe in the longitudinal L-direction at RT and at OT, the
values of the total energy and energy of crack initiation are slightly higher at RT than at OT, while the energy required for crack
propagation is slightly higher at OT. Also, the maximum force on RT is higher than the force obtained on OT.

By comparing the results for the specimens taken out from the steel pipe in the transverse T-direction, we see that all three
energy values, as well as the maximum force, are higher at RT than at OT.
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It can be observed that there is no major difference between the values of the maximum force reached in samples taken out
from the steel pipe in two different directions at both test temperatures, fig. 2-5. The maximum force achieved on RT is about
13% higher than the force obtained at OT, which is expected because the strength and the hardness are higher on RT.

120 120

100 - E L-RT 100 - 2 L-HT
- :Z 59 m Etot, ) % 80 T— 59  mEtot,)
u? a4 Ei, ) ut 907 38 ' Ei, J

40 - Ep, ) 40

20 i 20 Ep, )

0 - ‘ 0
20°C 540 °C
(a) (b)
300 150 140
217 T-RT T-HT
~ 200 - 146 u Etot, ) < 100 : 81 — mEtot, )
w 71 Ei,) h = [
100 - /1 i, w &5 - ki, ]
Ep, ) Ep, )
0 4 : :
20°C .
540°C
(© (d)

Figure 7. Comparative values of total impact energy, Ewt, energy of crack initiation, Ei, and crack propagation Ep
for VM samples taken out from the pipe in the L- and T-direction, tested at RT and OT

5. Conclusion

The impact toughness at room temperature and 540°C of specimens made of 14MoV6-3 steel was studied by
instrumented Charpy tests. Charpy specimens were extracted from two rolling directions, transversal and longitudinal.
Important observations can be summarized from the current study:
e A comparison of the tensile properties of the investigated material tested at room and operating temperature
of 540 °C, indicates an expected decrease in tensile strength and yield stress at elevated temperatures. The
values of the modulus of elasticity also decrease with temperature increasing.

e The results of the impact tests, separated into the energy of initiation and propagation of the crack, indicate
a higher participation of the resistance of the material to the propagation of the crack in the case of both,
room and operated temperatures, in case when specimens were sampled in the transverse direction.

e In the case of the specimens sampled in the longitudinal direction, there is a slightly higher proportion of the
material's resistance to crack initiation at room temperature, while at the operating temperature there is a
higher proportion of the material's resistance to crack propagation.

It can be concluded that the relations between total impact energy components were as expected, with crack initiation
energy decreasing with temperature, and crack propagation energy increasing at the same time. More important, it
was determined that the specimen sampling direction, relative to the rolling direction, had significant influence on the
results, indicating far better behavior in specimens taken from the transversal direction.

Further research of this topic will involve calculating of the J-integral, as well as various numerical simulations, based
on the experimentally obtained data.
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