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Abstract

With using of anizothermal plain strain compression tests, which were performed on the Hot Deformation
Simulator HDS-20, the physical simulation of rolling and following cooling of seamless tubes from steel
42CrMo4 was performed. The aim was to simulate the thermomechanical conditions during piercing as well
as rolling in a pilger mill of the seamless tubes with the final diameter of 273 mm (with the wall thickness of
6.3, 20 and 40 mm) and evaluate the influence of the finish rolling temperatures (chosen in the range from 820
to 970 °C) on microstructural and mechanical properties of the investigated steel. In the case of tubes with the
wall thickness of 6.3 and 20 mm the highest hardness was reached at finish rolling temperature of 820 °C and
the microstructure of samples was formed by majority share of martenzite and minority share of bainite. In the
case of simulation of tube rolling with the wall thickness of 40 mm the chosen finish rolling temperatures did
not fundamentally influence the hardness of strained samples and final microstructure of all these samples
was formed by the mixture of bainite, ferrite and pearlite.
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1. INTRODUCTION

Constantly growing requirements for mechanical properties of the seamless tubes while preserving the
production technologies together with limited possibilities of modification of the chemical composition of the
used steels lead to an investigation of the usability of their thermally-controlled rolling. The conditions of
controlled rolling are generally known [1-4], but it is not possible to apply them easy to any rolling equipment.
Accessible literature contains works resolving influence of selected parameters of controlled rolling on the
resulting structure and properties of the seamless tubes [5-7]. Rolling of seamless tubes is a specific method
of material hot forming which, in comparison with the classic rolling technologies (for example rolling of strips,
rods, wires and so on), requires heating of the input material to very high temperature. The reason is piercing,
consequential elongation and calibration of the seamless tube in one heat. By reason of material conveyance,
there are relatively long dwell times between these operations, which significantly influence the structure of
the rolled tubes. Another specificity of rolling of seamless tubes, which influences their final properties, is their
relatively small total strain, respectively a low degree of deforming [8,9].

The Mannesmann method of production of seamless tubes is based on the principle of extrusion piercing with
skew rolling, consequential elongation of the perforated half-finished products in a pilger mill and final
calibration of the rolled tubes. These method is used for the production of seamless tubes with an external
diameter from 60 to 660 mm with a wall thickness of 3 = 125 mm. As an initial material, mostly steel smoothly
cast blanks with a circle cross-section are used, but as an alternative, ingots with a circle cross-section can be
also applied [10,11].
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The aim of the presented paper was to investigate, with the use of laboratory anizothermal interrupted plain
strain compression tests, influence of finish rolling temperature on structural and mechanical properties of the
seamless tubes from the 42CrMo4 steel with an external diameter of 273 mm with a wall thickness of 6.3, 20
and 40 mm, which are rolled in Tfinecké Zelezarny a.s. by the Mannesmann method.

2. EXPERIMENT DESCRIPTION

The anizothermal interrupted plain strain compression tests are mainly used for physical simulation of volume
forming processes. Limited material spreading in rigid ends (undeformed areas of the specimen) are used for
this type of compression testing [12]. For these tests, respectively simulation, Hot Deformation Simulator HDS-
20 can be used, with help of which up to 20 partial deformations (realized in a wide range of strain rates from
0.005 to 100 s') can be programmed with precise control of temperature of the tested specimen during its
heating, deformation and cooling.

Prismatic specimens with sizes of 10 x 15 x 20 mm were prepared from the investigated steel 42CrMo4 with

a chemical composition (in wt. %) of 0.43 C - 0.8 Mn - 1.01 Cr - 0.193 Mo - 0.004 V - 0.001 Ti - 0.002 Nb.

These specimens were consequently deformed, respectively locally compressed, by anvils with a width of 5
mm on the Hot Deformation Simulator HDS-20.

By reason of simulation of the whole process of seamless tubes rolling, i.e. including piercing and elongation
by the Mannesmann method, all specimens were heated by a electrical resistance heater with a rate of 5 °C-s-
" to temperature of 1,290 °C with a dwell time of 5 minutes at this temperature. The specimens were
consequently deformed by three pass. The first pass represented deformation at piercing, the second and third
ones represented deformation at the pilger mill. The simulation of deformation at the pilger mill was divided in
two pass by reason of simulation of the change of temperature of the deformed material under operating
conditions of rolling. The specimens were consequently cooled down to temperature of 400 °C. The

parameters of deformation (e, - height strain (-), & - strain rate (s™), enpotayy = total height strain (-)) and final
cooling of the specimens during plastometric simulations are shown in Table 1. During the inter-pass dwell
times, a controlled decline of temperature were proceeding according to the selected temperatures of particular

pass - see Table 2.

Table 1 Parameters of deformations of individual

plastometric simulations Table 2 Individual pass temperatures
Simulated Pass _ Fin_al \_/ari_ar_\ts of T T2 T3
tube wall number €h e en(total) | cooling individual
thickness rate pass C) °C) °C)
o temperatures
(mm) (@) (@) (s () |ces?
1 0.33 48 1 1,290 900 820
2 1,2 7
6.3 2 0.49 21.8 1.77 0.70 :290 950 870
1,2 1 2
3 0.95 218 3 ,290 ,000 920
4 1,290 1,050 970
1 0.28 3.9
20 2 0.33 124 1.27 0.44
3 0.66 12.4
1 0.21 3.1
40 2 0.22 8.2 0.85 0.25
3 0.42 8.2
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The inter-pass dwell times were identical for all versions of the simulated wall thicknesses and finish rolling
temperatures. The inter-pass dwell time between the first and second reductions lasted 60 sec., respectively
the inter-pass dwell times between the second and third pass lasted 10 sec. Temperature T17, represented the
piercing temperature, was in all cases equaled of 1,290 °C. Temperature T2 represented temperature of
material at the input behind the pilger mill and was chosen in the range from 900 to 1,050 °C. Temperature T3
represented the finish rolling temperature on the pilger mill and was chosen in the range from 820 to 970 °C.

3. PROCESSING OF MEASURED DATA AND DISCUSSION OF RESULTS

Figure 1 shows dependence of deformation temperatures on deformation resistance of the investigated steel
at the plastometric simulation of the rolling of seamless tubes with a wall thickness of 6.3 mm. Figure 2
represents an example of the dependence of deformation temperatures on deformation resistance of the
investigated steel at the anizothermal interrupted plain strain compression tests, performed at the fourth variant
of the simulated deformation temperatures (72 = 1,050 °C, T3 = 970 °C).

600 -
1 —T2=900°C; T3=820°C —T2=950"°C; T3=870°C
500 1 —T2=1,000 °C; T3 =920 °C T2=1,050°C; T3=970°C
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Figure 1 The influence of deformation temperatures on deformation resistance of the investigated steel at
simulation of the rolling of tubes with a wall thickness of 6.3 mm
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Figure 2 The influence of the strain on deformation resistance at the fourth variant of the simulated
deformation temperatures (72 = 1,050 °C, T3 = 970 °C)

After plastometric simulations, metallographical analysis was performed on all specimens with the use of
traditional light microscopy. The deformed part of the specimen was tested in a cross section, in the middle of
its length. Photo documentation of the selected specimens microstructure after plastometric simulations is

presented in Figure 3 - Figure 5. The microstructure of the selected specimens simulating the wall thickness
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of 6.3 mm is specified in Figure 3. At the simulated finish rolling temperature of 820 °C and 870 °C, the
microstructure consisted of a mixture of martenzite and bainite. In the case of a specimen deformed at the
finish rolling temperature of 820 °C, there was a majority share of martenzite - see Figure 3a. The
microstructure of the specimens finally deformed at temperature of 920 °C and 970 °C consisted mostly of
bainite with a minority share of ferrite. At the simulated finish rolling temperature of 970 °C, bainite was
configured in relatively rough blocks - see Figure 3b. After intensive final deformation, probably, a quick course
of static recrystallization occurred and, evidently, austenitization grain roughen prior to the phase
transformation.

a) finish rolling temperature of 820 °C b) finish rolling temperature of 970 °C

Figure 3 Microstructure of the specimens after the simulation of the tube wall thickness of 6.3 mm

The microstructure of the specimen simulating the wall thickness of 20 mm and deformed at the finish rolling

temperature of 820 °C consisted of the majority share of martenzite with a very small share of bainite - see
Figure 4a. The microstructure of all remained specimens simulating a wall thickness of 20 mm consisted,
mainly, of bainite with a minority share of martenzite and ferrite, whereas martenzite was mainly in segragation

bands - see Figure 4b.

a) finish rolling temperature of 820 °C b) finish rolling temperature of 920 °C

Figure 4 Microstructure of the specimens after the simulation of the tube wall thickness of 20 mm
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The microstructure of the specimens simulating a wall thickness of 40 mm in all cases consisted of a mixture

of bainite, ferrite and pearlite, whereas the bainite share in all cases was maijority - see Figure 5. The influence
of the finish rolling temperature in this case was eliminated by a small final strain and very low cooling rate.

The applied low cooling rates of the deformed specimens led in all cases to the origination of prohibited phases
(martenzite and bainite) in the microstructure of the investigated steel, which is in accordance with the
transformation diagrams of steel 42CrMo4 presented in papers [13,14].

a) finish rolling temperature of 820 °C b) finish rolling temperature of 920 °C

Figure 5 Microstructure of the specimens after the simulation of the tube wall thickness of 40 mm

All specimens were after metallographical 700

analyses tested for hardness by Brinell (HBW). 1 seSirmullatad wrall thickness 0.3 mu

The hardness was measured at half of the 600 - +S?mmated walnwness et
~-Simulated wall thickness 40 mm

height of the deformed part of the specimen. A E

ball with a diameter of 2.5 mm was squeezed < 500 -

into the material with a force of 1839 N, ﬁ

whereas each specimen was tested three-fold % 400 A

and consequently the average value of its

hardness was determined. An influence of the 300 A

simulated finish rolling temperature on

hardness of the plastometrically tested 200

specimens is documented in Figure 6. The 800 850 900 950 1000

increase of hardness of the investigated steel Temperature T3 (°C)

due to decreasing the finish rolling
temperatures was fundamentally evident in the
case of the simulated wall thickness of 6.3 mm,
respectively in the case of the simulated wall thickness of 20 mm and the finish rolling temperature of 820 °C.
Considering dispersion of data in the measurement hardness, it can be stated that the measured values
comply with the phase composition of the microstructure of individually deformed specimens.

Figure 6 Dependence of hardness on finish rolling
temperature

4, CONCLUSIONS

With using of the anizothermal interrupted plain strain compression tests, there was simply simulated a process
of piercing and rolling of the seamless tubes with an extern diameter of 273 mm with a wall thickness of 6.3,
20 and 40 mm for the purpose of investigation of the influence of finish rolling temperatures on mechanical
and structural properties of steel 42CrMo4.
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From the point of view of hardness increasing, in the case of specimens simulating tubes with a wall thickness
of 6.3 and 20 mm, temperature of 820 °C seems to be optimal. In these cases, the microstructure of
plastometrically tested specimens consisted mostly of martenzite, which was completed by a minority share of
bainite.

The selected finish rolling temperature, however, fundamentally did not influence the microstructure and
hardness of the specimens simulating rolling of seamless tubes with a diameter of 273 mm with a wall thickness
of 40 mm. By these reasons, it is thus clear that the decrease of the existing finish rolling temperatures in case
of tubes with a wall thickness of 40 mm has no sense.
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