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SUMMARY

Pulsation forming of metallic materials (also referred to as stresscycling) is a novel forging method based on the
application of a variable pulsation frequency during the metal forming process. This paper presents some new re-
sults obtained after pulsation forming of steel grade Cri8Nil0. The experimental works suggested that the value
of summary deformation of 25% (at the pulsation frequency of 30 Hz) was obtained with the very good compro-
mise of yield strength (R, ,), tensile strength (R,,), elongation (4s) and contraction (Z). The results were given
with respect to the effect of deformation temperature (from 850 to 920°C) and deformation time (from 2 to 10 sec.)
at constant heating temperature (1100°C), constant pulsation frequency (30 Hz) and variant frequency from 10 Hz
to 40 Hz on mechanical characteristic (R, R, As; Z) of stainless steel grade Cr18Nil0.
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PULSACYJNA METODA OBROBKI PLASTYCZNEJ METALI

Formowanie pulsacyjne metali jest nowatorskq metodq opierajqcq sie na zastosowaniu zmiennej czestotliwosci
drgan w trakcie obrobki plastycznej metali. Artykul prezentuje wybrane rezultaty badan uzyskane w trakcie obrob-
ki plastycznej stali typu Cri8Nil0. Z przeprowadzonych doswiadczen wynika, ze dla 25% catkowitej sumy od-
ksztalcen (dla czestotliwosci drgan 30 Hz) uzyskano bardzo dobrq zaleznos¢ pomiedzy granmicq plastycznosci
(R,0,2), wytrzymatosciq na rozciqganie (R,,), wzglednym wydtuzeniem (As) i przewezeniem (Z). Wyniki otrzymano
z uwzglednieniem wplywu efektow cieplnych deformacji (od 850 do 920°C) i czasu formowania (od 2 do 10 s)
przy statej temperaturze nagrzewania (1100°C), dla stalej czestotliwosci drgan (30 Hz) oraz zmiennej czestotliwo-

sci drgan (od 10 Hz do 40 Hz) na parametry wytrzymatosciowe (R, R, As; Z) stali typu Cr18Nil0.

1. INTRODUCTION

Pulsatory forming, as one of non-conventional forming me-
thods, can be classified into the category of technological
processes where the energy of vibration systems with a fre-
quency effect utilized. It is a process where a tool applies
a force to a formed material, while the immediate value of
the force oscillates around a mean value, which can remain
constant or can increase or decrease during the process. The
idea of applying pulsatory forming resulted from looking
for a new bulk forming method with the aim to increase the
technological formability of material, which is in common
forming processes limited by conventional conditions of
technology. The pulsation frequency and amplitudes during
pulsatory forming are new technological parameters using
which we can influence both important processes taking
place in the formed metal (recrystallization, grain growth,
transformation processes) as well as the contact area be
tween the formed metal and the forming tool (the character
of friction and related impacts on the deformation course
and the formability). Controlling the force values during
pulsatory forming (decreases and re-increases) can promote
and speed up the course of recrystallization [1]. The grain
size — the most important structural factor — can also be
activated by pulsatory forming, resulting in finer-grained
microstructures, while the recrystallization kinetics (its
higher intensity) and the grain refinement have a positive
effect on the material plasticity and formability [1, 2]. The

cyclic decrease and increase of stress on the contact areas
between the formed metal and the forming tool improves
the conditions for elementary slips, which must take place
in material flowing in the desired direction [2]. During pul-
satory forming, the course of recrystallization processes is
promoted, but, on the other hand, a high density of high-
strength micro-areas is also promoted because of repeated
“peak” stresses in the process. This has an effect on the
course of transformation, for example in steel, where auste-
nite is transformed into ferrite-carbidic microstructures.
According to [1], the strengthening character of carbon
steels during pulsatory forming increases the austenite sta-
bility in relation to its transformation into bainite or marten-
site, but, on the other hand, it speeds up the formation of
pro-eutectoid ferrite. Consequently, in the resulting structu-
re the shares of ferrite and residual austenite are promoted at
the expense of the bainitic or martensitic mictrostructural
shares, which is an important factor from the viewpoint of
material plasticity and formability.

Pulses can be generated by different mechanisms of hy-
draulic, electromagnetic, or mechanical principles. The pul-
sator was installed at the Department of Metal Forming,
Technical University in Kosice is working on mechanical
principle [3, 4, 5], as shown in Figure 1. The paper presents
research results made on an installed pulsator. The evalu-
ation of the pulsatory forming results was focused on inve-
stigation of pulsation frequency and hot plastic deformation
conditions on strength and plastic material characteristics as
well as structure development.
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Fig. 1. Pulsator

2. MATERIAL AND EXPERIMENTAL METHODS

Cylindrical specimens with the dimensions h, = 30 mm,
dy = 20 mm were used for experimental works. Chemical
composition of the experimental steel is shown in Table 1.
The experimental conditions are summarized in Table 2.

Only one short testing specimen (dy =5 mm, 1,=5 mm) for
static tensile strength tests were cut from pulsating samples.
The static tensile strength tests were performed at room
temperature by ZWICK 1387 equipment in accordance
with STN 420310 (STN EN 10002-5) standard. The metal-
lographic analyses were performed on pulsating samples by
using of optical light microscopy as well.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The summary deformation and deformation per one blow
achieved during the pulsating of cylindrical specimens from
experimental steel and also for comparison from aluminium
as a function of the pulsation frequency are shown in Figu-
res 2 and 3.

From figures is resulting that on localization of deformation
maximum has not influence of material kind. The biggest
summary deformations were obtained at frequency 30 Hz
and biggest deformations per one blow at frequency 20-25 Hz.

The influence of pulsation frequency on strength and
plastic properties is given in Figures 4 and 5. The best
strength values were achieved for pulsation frequency
30 Hz and best plastic data were reached for pulsation fre-
quency 20 and 25 Hz.

The influence of pulsation frequency on average austeni-
te grain size (AGS) is given in Figure 6 and effect AGS on
strength properties is illustrated in Figure 7. The minimum
value of AGS was made by pulsation frequency interval
25-35 Hz. The best strength values were achieved for mini-
mal dygg =40 um.

From obtained relations is resulting that optimal pulsation
frequency value for achieved maximal strength and plastic
values and minimal AGS rate is 30 Hz. The pulsation frequ-
ency 30 Hz is response to summary deformation € = 27%.

Table 1. Chemical composition of steel grade Cr18Nil0 [mass %]

Steel C Mn Si Cr Ni Ti P S
Cr18Nil0 0.03 1.2 0.5 18.6 10.8 0.26 0.008 0.023
Table 2. Experimental procedure
Heating temperature Deformation temperature Pulsation frequency Note
[°C] [°C] [Hz]
10
20
25 The specimens after
1100 850 pulsatory forming
30 were water quenched
35
40
Heating temperature Pulsation frequency Finishing pulsation Note
[°C] [Hz] temperature [°C]
The specimens after
1100 30 920 pulsatory forming
were water
quenched
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Fig. 2. Summary deformation as function of pulsation frequency
(Al - cold forming, Steel — Tppighed = 850°C)

Fig. 3. Deformation/ 1 blow as function of pulsation frequency
(Al - cold forming, Steel — Tppigheq = 850°C)
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Fig. 4. Strength values as function of pulsation frequency
(Steel — Tﬁnished = SSOOC)

Fig. 5. Plastic values as function of pulsation frequency
(Steel — Tﬁnished = SSOOC)
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Fig. 6. Diameter of AGS as function of pulsation frequency
(Steel — Tﬁnished = SSOOC)

The effect of summary deformation on strength pro-
perties is documented in Figure 8 and on plastic pro-
perties is illustrated in Figure 9. From figures is resulting
that the best properties were achieved for summary defor-
mation € = 23% which response to pulsation frequency 25 Hz.
The strength and plastic values as function of deformation

Fig. 7. Strength values as function of AGS diameter:
(Steel — Tﬁnished = SSOOC)

temperature at pulsation frequency f = 30 Hz are shown in
Figures 10 and 11. The yield strength is decreasing after
achievement of deformation temperature level 890°C be-
cause of recrystallization is starting. Full recrystallization
was achieved at 920°C about what sit development in pla-
stic properties as well.
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Fig. 8. Strength values as function of summary deformation
(Steel: =30 Hz)

Fig. 9. Plastic values as function of summary deformation
(Steel: =30 Hz)
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Fig. 10. Strength values as function of deformation temperature
(Steel: =30 Hz)

4. CONCLUSION

The best strength values (R, = 362 MPa, R, = 596 MPa)
were achieved by pulsation frequency f = 30 Hz which re-
sponse to summary deformation € = 27% and diameter au-
stenite grain size d,gg =40 um.

After application of the pulsation frequency of 30 Hz at
further defined conditions (heating temperature, deforma-
tion temperatures, deformation times and quenching of
samples after pulsation forming) the following mechanical
properties were achieved:

Yield strength (R, ;) from 304,8 to 345 MPa;
Tensile strength (R,,) from 557,5 to 583,7 MPa;
Elongation (As) from 72,9 to 78%;

Contraction (Z) from 77,8 to 80,1%.

The available strength values (R, , =345 MPa, R, =558
MPa) at deformation temperature 890°C and deformation
time 8 sec was achieved with work hardening structure.

Fig. 11. Plastic values as function of deformation temperature
(Steel: =30 Hz)
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