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ABSTRACT

This paper presents an analysis of the results of the ring rolling process of EN AW-7075 aluminium alloy using nu-
merical modelling. The study of the rheological properties of the AW-7075 aluminium alloy was carried out using
the Gleeble 3800 metallurgical process simulator. The modelling of the ring rolling process in the experimental mill
was carried out using the Simufact Forming programme based on the finite element method. Based on the analysis
of the test results, the speed of the mandrel, the speed of the main roll, the temperature of the metal at the beginning
and at the end of the rolling process were determined. The results of research were verified in an experimental mill.

Keywords: aluminium alloy, MES, ring, ring rolling.

INTRODUCTION

The implementation of the forged and rolled ring
shaping method was a kind of technological and or-
ganizational breakthrough. Compact ring mills made
it possible to obtain rings with high geometric accu-
racy and diameter sizes up to several meters. Current-
ly, as a result of the development of computational
and control algorithms, it was possible to launch the
world’s largest rolling mill for shaping rings with di-
ameters up to 18 meters in China [1]. The production
of rings by the rolling method is constantly gaining
in importance. The share of the production of rolled
rings in the total (by weight) production of forg-
ings is (estimated) in: Europe — 8%, North America
(NAFTA countries: USA, Canada, Mexico) — 10%,
South America (Brazil) — 6%, and Asia (China and
India) — 8%. The weight of roll formed rings in the
total production of open-die forgings is 33% in the
USA and 68% in Japan [2]. Such a high proportion
of rings produced by this method is a direct result of
the technological advancement of these countries. It
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can be concluded that in countries where machinery,
equipment and installations are at the highest level of
technological advancement, there is a high demand
for ring products with uniform structure and mechan-
ical properties [3]. Current development trends in the
method of manufacturing forged and rolled rings
are towards the reduction of technological allow-
ances of semi-finished products through the design
of tools enabling the shaping of rings with profiled
inner and outer lateral surfaces [4-9], the manufac-
ture of rings from light alloys [10—13] and composite
materials [ 14—16]. In particular, the second direction
of ring-rolling technology development is now be-
ing widely explored due to the growing industrial
demand for this type of product, particularly in the
automotive, aerospace and aviation industries [17].

AIM AND SCOPE OF WORK

The paper presents the results of theoretical
research on the rolling process in an experimental
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rolling mill of rings made of the EN AW-7075
aluminium alloy. Based on the analysis and the
obtained results, a scheme of the relationship be-
tween the feed speed of the shaping mandrel and
the increase in the diameter of the rolled ring was
developed, the fulfilment of which ensures that a
constant rolling reduction value per ring revolution
is set. The values of the ring forming speed were
also determined for the selected aluminium alloy.
Experimental verification of the test results was
carried out in a model laboratory rolling machine.

Characteristics of material
used for the research

The EN AW-7075 aluminium alloy with zinc
and magnesium was used for numerical investi-
gations, as it belongs to the alloys which, after
appropriate plastic and heat treatment, are charac-
terized by the highest strength among all alumin-
ium alloys.-For the studies, samples taken from
round bars with a diameter of 150 mm were used
after the extrusion process from the EN AW-7075
aluminium alloy in the T6 state with the chemical
composition presented in Table 1.

Knowledge of the characteristics describing
the technological properties of the material is
the basis for correct numerical simulation of the
deformation processes and the design of new or
modification of existing technological processes.
For plastic working processes, the basic features
characterizing the susceptibility of the material to
plastic forming are yield stress o, and boundary
deformation e, [18].

Yield stress op, that is, the stress necessary
to initiate and continue the plastic flow of metal
under uniaxial stress conditions is a function of
strain (¢), strain rate (€), temperature (7) and the
history of the deformation course [18].

Determination of the technological plasticity
characteristics is particularly difficult for the con-
ditions of hot plastic working because the mate-
rial structure simultaneously involves processes
resulting from the plastic deformation mecha-
nism and the processes of strengthening, as well
as thermally activated processes, in addition to
time-dependent phenomena leading to weakening
of the material [19+21]. In the available computer

Table 1. Chemical composition of studied Al alloy, [%]

programs intended for solving problems in the
field of the plastic flow of metal or for the calcu-
lation of forces and deformation force using the
finite element method, the values of yield stress
op are determined on the basis of the assumed
yield stress function. Most often, yield stress is
described by the relationship in the form o = (g,
¢, T). For the mathematical description of changes
in the value of gp depending on strain €, tempera-
ture T and strain rate ¢, many functions are used,
which can be found, among others in works [18,
19, 21, 22+24].

To describe changes in the value of op, in the
work, a function was adopted that can be trans-
formed into the form of (3). This relationship is
often used to determine the op value in computer
programs for the numerical modelling of plastic
working processes:

op = Ae™iTTmegma g5 (1)
(1 + g)MsT emr=€gMms ¢MmsT [V[Pg]

where: ¢, — yield stress, T’ — temperature of the

deformed material, ¢ — actual strain,
¢ — strain rate, 4, m, - m, — function
coefficients.

In the study, the rheological properties of the
investigated material were determined on the ba-
sis of compression tests performed with a Glee-
ble 3800 metallurgical simulator, which is in the
equipment of the Physical Modelling Laboratory
of Metal Forming Processes at the Department of
Metal Forming and Safety Engineering at Cze-
stochowa University of Technology. The Gleeble
3800 simulator enables tests to be carried out in
a wide temperature range, corresponding to the
actual conditions occurring in the analysed tech-
nological process. Plastometric tests were carried
out for the following parameters:

e temperature: 380 °C, 430 °C, 480 °C
e strainrate: 0.1 s, 1s' 10s'and 30s!
e actual strain: max. 0.9.

The samples were heated at a constant rate of 5
°C/s to the desired temperature, held at this tempera-
ture for 20 s, and then deformed. Exemplary, real and
approximate courses of changes in the yield stress
depending on the actual strain at the temperature of

Al alloy Si Fe Cu Mn

Mg Cr Zn Ti Al

7075 0.08 0.15 1.36 0.06

2.38 0.2 5.68 0.03 R
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430 °C and a strain rate from 0.01 s to 30 s for the
Al 7075 alloy are shown in Figure 1.

The data presented in Figure 1 shows that dur-
ing deformation of the A17075 alloy at low speeds
(0.01 s, 1 s) in the entire examined range of
deformations, the material in the initial phase
strengthens, however, after reaching the maxi-
mum value of plasticizing stress, a plateau effect
is observed. On this basis, it can be concluded that
under such deformation conditions, a dynamic
healing process takes place in aluminium, which
eliminates the effects of work hardening. For the
samples deformed at the strain rates (1 s!, 30 s),
a slight increase in the value of yield stress o, is
visible on the strengthening curves, then after ex-
ceeding the actual strain value of 0.4, a decrease
in the stress value is observed.

Analysis of the real curves and approximated
strengthening curves shows that the approxima-
tion error increases with the temperature of the
studied sample, but does not exceed 8%.

It is assumed that the coefficients of the ap-
proximating function (3) are sufficiently well se-
lected if the mean approximation error does not
exceed 8+10% [25]. The determined values of the
yield stress function coefficients for the A17075
alloy presented in Table 2 were imported into the
program, creating a mathematical reduced of the
deformed material.

Model of tools and shaped material

An important element of the research was the
determination of the mandrel feed speed (values
of the set densities during a single rotation of the
ring) and its impact on changes in the shape of the
manufactured ring. The engineering modelling
program Creo 2.0 was used to model the system
of tools - shaping rolls together with their initial
position in relation to the charge ring (Fig. 2).

The fully defined shaping system was import-
ed into the numerical program Simufact Forming
v.15. The program is equipped with a specialized
module for modelling the ring rolling process, in
which it is possible to select the appropriate work
pattern of tools (rolls) depending on the type of
rolling mill used to conduct the rolling process.
The kinematic parameters of the device are set by
defining the operating modes of individual rolls.
For the main roll (1), mandrel (2) and axial rolls
(4), a tabular module was used, in which the ro-
tational and linear speeds and directions of their
movement were defined. The kinematics of the
guide rolls (5) was determined using a special
module (KiRAW), in which their position before
the start of the process, their movement path and
the way they work are determined. The work of
the rolls was defined in accordance with the ki-
nematics of the laboratory rolling mill, which

=@=0,1,1/s
=8=-0,1,1/s

-1, 1/s

Stress [MPa]

—h=1,1/s
-9=—10,1/s

=@=10, 1/s
—$=30, 1/s

=430, 1/s

0,2

0,4

0,6 0,8 1,0
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Figure 1. Stress-strain dependence of A17075 alloy for strain rates in the range 0.01 s-1-30
sl at 430 °C; black symbols - experimental curves, red symbols - approximate curves

Table 2. Values of parameters A and m, + m, used to determine o value of EN AW-7075 alloy

Values of parameters obtained as a result of approximation of Equation 3

A m, m, m,

m

4

my m, mg

140 -0.0008 0.00034 0.08013

-0.01142

-0.00025 0 0 0
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Figure 2. Arrangement of tools during rolling of

ring adopted for modelling of the process, made

in Creo 2.0 program; 1 — main roll, 2 — mandrel,
3 —ring charge, 4 — axial rolls, 5 — guide rolls

was used to carry out the experimental tests. An
important element during each simulation is the
selection of the shape of the elements and the size
of the finite element mesh, which directly affect
the duration of calculations and the accuracy of
the obtained results. For the investigations, rolling
tools were adopted in the form of perfectly rigid
elements, while the mesh applied on the surface of
the charge was modified using a specialized ring-
mesh module. It allows the creation of a mesh of
Hexahedral elements arranged angularly on the
front surfaces of the charge and circumferential-
ly on the roll surfaces. Such an arrangement and
shape of the elements are adapted to the character-
istics of the ring rolling process and ensure correct
remeshing of the shaped ring during the calcula-
tion process. This is confirmed by the results of
the research presented in [26], which indicate the
highest accuracy of mapping the shape of the ring
in the Simufact Forming program in relation to the
actual shape obtained by Hexahedral elements.

Selection of kinetic parameters
of the rolling process

Numerical modelling of the rolling process of
an EN AW-7075 aluminium alloy ring to obtain
an outer diameter of ¥150 mm was carried out
using the following input parameters:

e charge temperature: 480 °C,
e tool temperature:150 °C,

e coefficient of friction: 0.8 for the main roll-
ring system,

e coefficient of friction: 0.6 for other rotary
drive tools,

e ring charge dimensions:
— outer diameter: 100 mm
— inner diameter: 35 mm
— height: 20 mm

e thermal conductivity coefficient for heat ex-
change between the deformed rings and rolls
20000 W/m’K,

e mandrel feed speed:
— 1 mm/ring revolution
— 3 mm/ring revolution

e main roll rotational speed: 28 rpm

e rotational speed of axial rolls: passive, resulting
from the rotational speed of the shaped ring,

e rotational speed of guide rolls: passive, result-
ing from the rotational speed of the shaped ring.

Based on the analysis of literature [17, 27] and
the technical characteristics of rolling mills, the
mandrel feed speed was determined, which was
made depending on changes in the rotational speed
of the ring. It was assumed that the ring rolling pro-
cess is carried out by applying a constant rolling
reduction for 1 ring revolution. The curve of the
linear speed of the mandrel for the value of the set
rolling reduction rate during 1 ring revolution was
determined with the help of a developed spread-
sheet. On the basis of the performed calculations
(maintaining the principle of constant volume),
two mandrel feed speeds were determined that can
be used during the rolling process studies (Fig. 3).
Using a spreadsheet, the increments of the outer
diameter of the shaped ring over time were calcu-
lated, on the basis of which the rotational speed of
the axial rolls and their path during rolling were
determined. The obtained results were imported in
a tabular form into the simulation program, creat-
ing kinematic parameters of the tool movements.

ANALYSIS OF RESEARCH RESULTS

Analysis of ring shape changes
in rolling process

A properly conducted rolling process
should provide a ring with the required di-
ameter (150 mm) and the correct geometrical
shape of its wall cross-section. Figure 4 shows
the results of numerical tests on the change in
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Figure 3. Curve of mandrel feed speed corresponding to rolling
reduction of 1 and 3 mm/1 revolution of shaped ring

a)

>

b)

Figure 4. Shape of ring cross-section obtained after rolling process with different
densities (mandrel feed speeds): (a) 1 mm/1 ring rev.; (b) 3 mm/1 ring rev.

the geometry of the cross-section of the ring
depending on the value of the set rolling re-
duction during a single rotation of the ring (on
the speed of the mandrel feed speed during the
rolling process).

The preliminary numerical analysis for the
analysed values of the mandrel feed speed of 1
mm/1 ring revolution and 3 mm/I ring revolu-
tion was aimed at verifying the correctness of the
adopted parameters of the rolling process. On its
basis, it was found that the correct shapes of the
rings were obtained for the studied values of the
mandrel feed speed. Nevertheless, a more stable
course of rolling the ring was noted for the first
case, when the speed of the mandrel feed speed
was 1| mm/1 revolution of the shaped ring (Fig.
4a). For the second technological case, the defor-
mation process was slightly less unstable and the
movement of the ring material in the transverse

390

direction (sideways) during the shaping process
was observed. The correct geometry of the shaped
ring with a feed speed of 3 mm/1 revolution was
obtained after the process of calibrating its shape.

For both the examined mandrel feed speeds,
during the rolling process in the shaped ring, a
defect in the form of concavities on the front sur-
faces, called “fish tail”, was formed (Fig. 5). This
phenomenon, caused by uneven deformation of
the strip along its height, is also observed in real
rolling processes, e.g. when rolling thick plates,
when too small individual rolling reductions are
applied during rough rolling. In the case of indus-
trial ring mills, this disadvantage is eliminated by
applying a greater reduction in the wall thickness
of the ring during rolling by the axial movement
of the axial rolls. During numerical simulations,
due to the inability to move the axial rolls in the
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laboratory rolling mill, such a reduction in the
height of the rolled strip was not applied.

In order to verify the correctness of the devel-
oped numerical models of the rolling process, an
analysis of changes in the initial volume of the
charge and the ring was carried out after completing
the calculations, which amounted to 145107 mm?
and 144593 mm?* The volumes of the charge and
the final ring obtained during the numerical investi-
gations differ slightly. The loss of volume between
the charge and the shaped ring was 514 mm’, which
is a change of 0.36% of the original volume. The
obtained result does not affect the simulation results
because the loss of metal volume of 514 mm? trans-
lates into a loss of 0.04 mm in the thickness of the
ring with a diameter of 150 mm.

Analysis of reduced stress
distributions in deformed metal

As part of the research, numerical simulations
were performed for the mandrel feed speed: 1
mm/1ring rev. and 3 mm/1 ring rev. Figure 6 pres-
ents a diagram of the ring cross-section for which
the distributions of reduced stress and reduced
strain rate in the rolling process were analysed.
Figure 7 show the reduced stress distribution in
the metal for 50% advancement of the rolling pro-
cess. Figures 8 show the reduced stress distribu-
tions in the metal after 75% advancement of the
ring rolling process. Figure 9 show the reduced
stress distributions in the metal for the final phase
of ring formation.

Along with the progress of the rolling pro-
cess (50%), an increase in plasticized zones can

Figure 5. Concavity on faces of
rolled ring — “fish tail”

Figure 6. Diagram of ring cross-section for
analysis of reduced stress distribution and
reduced strain rate in rolling process

be noticed both in the areas of contact with the
mandrel and with the main roll. Such a difference
in the stress distribution results in faster plastic
flow of the material in the axial direction in con-
tact with the tools and limited flow in the middle
zone, which causes the formation of concavities
on the faces of the shaped ring (“fish tail” de-
fect). It is worth noting that the lower the speed
of mandrel movement, the greater the concavity
effect on the end face is, which can be explained
by the smaller thickness of the plasticized zone
at the metal-tool contact surfaces. In the central
part of the cross-section of the ring wall, the oc-
currence of a zone with stress close to the value
of the yield stress of the material is still observed
(Fig. 7). Only after 75% advancement of the pro-
cess, in the entire cross-section, did the value of
reduced stress exceed 120 MPa and the material
was plasticized in the entire cross-section (Fig.
8). At the final stage of the rolling process (100%
advancement of the process), the metal exhibits
the highest values of post-stress, reaching a value
of approx. 170 MPa (Fig. 9).

Based on analysis of the conducted research,
it was found that the shape of the concave on
the ring faces changes depending on the speed
of mandrel movement. At the low mandrel feed
speed (1 mm/1 revolution), sharper corners are
observed, especially on the main roll side, while
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Figure 7. Distribution of reduced stress for 50% advancement of rolling process with absolute
indentation of 1 and 3 mm/1 ring revolution; (a) general view of process, (b) cross-section of ring
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Figure 8. Distribution of reduced stress after 75% advancement of numerical rolling process with
absolute indentation of 1 mm/1 ring revolution, (a) general view of process, (b) cross-section of
ring shaped with main roll and mandrel, (c) cross-section of ring shaped with axial rolls

at the high mandrel feed speed (3 mm/1 revolu-
tion), the face of the ring is flat with a concave
groove in the middle parts. When analysing the
cross-section of the rings in the axial roll impact
zone, it was noticed that in the initial stages of
the rolling process, regardless of the mandrel feed
speed, the values of reduced stress at the corners
locally exceeded 120 MPa, which proves that the
metal flows as a result of the pressure of the rolls.
Along with the progress of the rolling process,
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increasingly more plasticization of the metal in
the rolling gap is observed, the plastic flow of the
metal in the transverse direction is smaller and
less, and thus the effectiveness of the impact of
the axial rolls decreases. The reduced stress does
not exceed the value of the yield stress of the ma-
terial. In the final phase of the rolling process, the
transverse movement of the metal is low and the
axial rolls do not deform the areas of metal at the
end face of the ring.
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Figure 9. Distribution of reduced stress after 100% advancement of rolling process with absolute
indentation of 1 and 3 mm/1 ring revolution, (a) general view of process, (b) cross-section of
ring shaped with main roll and mandrel, (c) cross-section of ring shaped with axial rolls

a) b)

Zastepcza predkosc¢ odksztatcania [1/s]
10

1 mm/1 ring rev.
O=_2NWHEOON®DO©

N
5=

14
b

ja[lls]  Za

Ok

—

==V

|

3 mm/1 ring rev.
O=NWHNON®O = o+

Figure 10. Distribution of reduced strain rate in metal after 50% advancement of rolling process,

with absolute indentation of 1 and 3 mm/1 ring revolution, (a) general view of process, (b) cross-
section of ring shaped with main roll and mandrel, (c) cross-section of ring shaped with axial rolls
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Analysis of reduced strain rate
fields in deformed metal

Figure 10 show the results for 50% ad-
vancement of the process. Figure 11 show the
study results for 75% advancement of the roll-
ing process. Figure 12 show the distributions of
the reduced strain rate in the metal after a full
rotation of the ring (after 100% advancement of
the rolling process). In the middle of the roll-
ing process (50% of the process duration), for
the analysed mandrel feed speeds, a decrease
in the central zone on the cross-section of the

)

sztalcania [1/s] Zastepcza predkos¢ odksztatcania [1/s]
10

O=2NWhOO~N®O©

dksztalcania [1/s]  zastepcza predkosé odksztaicania [1/s]

10

O=NWHODN®O©

deformed metal can be observed, in which the
reduced strain rate is close to zero (Fig. 10),
while in the final phase of the process (ad-
vancement above 75%), the reduced strain rate
in the entire cross-section is greater than the
value of 2 s (Fig. 12). For the highest value of
the mandrel feed speed, it is in the range from
10 to 4 s! and it varies in the cross-section
from the surface of the mandrel to the surface
of the main roll. In the zone of impact of the
axial rolls on the metal, the minimum values
of the reduced strain rate are observed. The re-
sults of the analysis of changes in the value of
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Figure 11. Distribution of reduced strain rate in metal after 75% advancement of rolling process,
with absolute deformation of 1 and 3 mm/1 ring revolution, (a) general view of process, (b) cross-
section of ring shaped with main roll and mandrel, (c) cross-section of ring shaped with axial rolls
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Figure 12. Distribution of reduced strain rate in metal after 100% advancement of rolling process,
with absolute deformation of 1 and 3 mm/1 ring revolution; (a) general view of process, (b) cross-
section of ring shaped with main roll and mandrel, (c) cross-section of ring shaped with axial rolls

the reduced strain rate were confirmed by the
results obtained on the basis of the analysis of
changes in the value of reduced stress in the
metal during the rolling process.

Analysis of temperature
distribution in rolled ring

Figure 13 show changes in the metal tem-
perature during the rolling of rings for all the
studied mandrel feed speeds. Based on the
analysis of the temperature changes in the de-
formed ring during the rolling process, it can
be concluded that in none of the considered
technological cases did excessive cooling of
the shaped ring occur. Using the mandrel feed
speed of 1 mm /1 revolution of the shaped ring,
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the temperature of the ring at the end of rolling
was 382 °C. After increasing the mandrel feed
speed to the value of 3 mm/1 revolution of the
shaped ring, the temperature value in the final
phase of the rolling process was 441 °C. Based
on the analysis of the research results, it can
be concluded that for low speeds of mandrel
movement, the ring temperature in the final
stage of the process will be close to the lower
limit of the recommended shaping temperature
for the examined alloy. In the case of a speed
greater than 3 mm/1 revolution of the shaped
ring, the rolling process takes place under al-
most isothermal conditions, which would be
advantageous when forming rings with a high
degree of plastic processing under industrial
conditions.
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Figure 13. Change in ring temperature during rolling process for mandrel feed
speedland 3 mm/1 ring revolution, at various stages of deformation process

Analysis of changes in energy and
force parameters of rolling process

Determining the power and energy parameters
of'the rolling process is important due to the specif-
ic, allowable pressure of the deformed metal on the
working tools and the maximum allowable power
of the mill drives for forming the rings. The basic
and most important parameter of the ring rolling
process is the total metal pressing force exerted on
the moving mandrel. It is that which determines
the minimum requirements for the mill drive. A too
high value of metal pressure on the mandrel dur-
ing the ring shaping process may result in changes
to the design of the rolling mill or a change in the
rolling technology consisting in reducing unit roll-
ing reductions and re-performing numerical simu-
lations of the rolling process. Figures 14 and 15
show the courses of changes in the metal pressure

on the mill mandrel during deformation of the met-
al, for the values of the mandrel feed speed during
one rotation of the ring adopted for the analysis.
On the basis of the studies carried out to determine
the value of the metal pressure force on the mill
mandrel, it was found that the maximum value of
the force needed to roll an EN AW-7075 alumini-
um alloy ring is:

e for amandrel speed of I mm/revolution: 23.5 kN,
e for amandrel speed of 3 mm/revolution: 30.4 kN.

In the initial phase of the ring rolling process,
an increase in the value of the mandrel pressure was
observed until plastic flow of the shaped ring was ob-
served, followed by stabilization of the force value.
The lowest force value was obtained for the man-
drel feed speed equal to 1 mm/ 1 revolution. After
an increase in force in the first phase of the rolling
process, a plateau effect was observed, followed by a

25
.. —\
£,/ \
ol \

: \

. A\

0 10 20 30 40
Time [s]

Figure 14. Course of changes in metal pressure force on mill mandrel during
ring rolling with mandrel feed speed 1 mm/1 ring revolution
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Figure 15. Course of curve of mandrel pressure force during ring
rolling with mandrel feed speed 3 mm/1 ring rotation

decrease in force in the last phase of the rolling pro-
cess. For the mandrel feed speed equal to 3 mm/1
revolution, a greater increase in the pressure force on
the mandrel was observed. In the final phase of the
rolling process, there was also a decrease in the force
value. This is the phase in which the ring shape is
calibrated — 4 revolutions of the ring with the rolls
at their end positions. For the implementation of
laboratory tests, the feed speed of the mandrel was
selected: 1 mm/Iring revolution.

LABORATORY STUDIES

In order to experimentally verify the results of
the numerical studies at Lukasiewicz- Poznan Insti-
tute of Technology, the laboratory rolling machine
was designed, shown in Figure 16. The model labo-
ratory rolling machine was designed as a work cage
placed on the body of an existing research device
owned by the Mechanical Engineering Research

Group, Lukasiewicz - Poznan Institute of Technol-
ogy. The adoption of such a solution was aimed at
reducing the financial outlay for the construction of
the testing device. This represented certain design
limitations that directly affected the limitations of re-
search capabilities. The model device does not fully
reflect the kinematics of industrial rolling mills, but
allows to illustrate the rolling process. Industrial roll-
ing mills are equipped with complex control systems
for the drive units of rollers and rollers, which allow
to control the course of the forming process in real
time, based on complex algorithms.

Rolling was carried out on the test device in
accordance with the shaping parameters that were
adopted in the numerical tests. Below, Figure 17
shows the translation rings made on the rolling
machine. The obtained samples of rolled rings,
regardless of the rolling parameters adopted, had
a defect in the form of a concavity on the faces
of the so-called “fish tail” (Fig. 18). The reason
for the formation of concavity on the face is the

Axialrolls

Mandrel

Guiderolls

Main roll

Figure 16. Laboratory rolling machine
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Figure 17. Example rings made on the experimental rolling mill

b)

- MANDREL
MAIN ROLL

29,9
21,23
27,04

Figure 18. “Fish tail” on the faces of the ring: (a) obtained in laboratory tests,
(b) dimensions on the cross-section of the ring obtained in laboratory tests,
(c) dimensions on the cross-section of the ring obtained in simulation tests

inability to move the conical rollers in the labo-
ratory rolling mill to compensate for the uneven
flow of metal in the roll-gap. It should be noted
that the results of numerical tests indicated the
occurrence of this defect during model rolling
processes. The thickness of the ring measured at
the bottom of the grooves on the faces (fish tail)
obtained in laboratory tests has a similar value to
the ring obtained in simulation tests. In the case
of the ring rolling process without displacement

of conical rollers, it is necessary to use a blank
with a height equal to the final product. The ex-
ample plot of the metal pressure force on the
mandrel during the rolling process under labora-
tory conditions had a similar course to the man-
drel pressure force plots obtained by numerical
simulations in Simufact Forming v. 15 software
(Fig. 19). The difference between the value of the
pressure force in the actual process and the val-
ue of this force obtained in the theoretical tests
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Figure 19. Comparison of the course of the metal pressure force on the mandrel
obtained during numerical simulation of the rolling process with the force
recorded during experimental tests, corrected for the resistance force

averaged 3.2 kN, which is 14.5%. Such a differ-
ence is acceptable, as the error is less than 15%,
which is widely recognized as a correct result in
engineering calculations.

CONCLUSIONS

Based on the theoretical research carried out
on the rolling process of EN AW-7075 alumin-
ium alloy rings, it was found that it is possible
to carry out such a process under real conditions.
The strain rates adopted for the plastometric tests
were correct, which was demonstrated during nu-
merical simulations of the ring rolling process.
The computer program Simufact Forming v. 15
for the numerical simulation of the ring rolling
process, ensured reflection of the kinematics of
the experimental rolling mill operation and the
carrying out of the rolling process with the dif-
ferent values of mandrel feed speed. The control
studies conducted on the compliance with the law
of constant volume showed that the loss of ring
volume after the rolling process, in relation to the
charge mass, is relatively small and amounts to
about 0.04%, which did not significantly affect
the results of the numerical calculations and can
be neglected. Based on the obtained results of the
numerical investigations, it was found that:

e when rolling rings from a selected alloy, it is pos-
sible to use a mandrel feed speed in the range of

1 mm/1 revolution+=3 mm/1 ring revolution. The

use of speeds in this range ensures that the correct

shape of the ring is obtained, while maintaining
the other parameters of the rolling process at the
level of permissible values.
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e it is also possible to determine the value of forces
and the possibility of potential rolling defects.

The results of the numerical studies were
confirmed during experimental tests. The speci-
fied speed of the mandrel displacement adopted
in the experimental studies proved to be correct
and ensured that the rolling process was carried
out correctly and the rings with the correct shape
were obtained. There was a concave (“fish tail”)
defect on the faces of the rings. The force val-
ues were similar to those obtained by numerical
modeling. The differences in the values of forces
obtained in theoretical and experimental studies
did not exceed 15%, which can be considered suf-
ficient accuracy in engineering issues.
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