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Abstract

Forward tube spinning (or flow forming) is usually employed to produce cylindrically tubular components
to meet the increasing requirements for manufacturing high- performance and light-weight products at
low cost and short lead-time. In forward tube spinning, flaring defect may easily occur at the opening end of
tubes, which would deteriorate the quality of the spun tubular parts and reduce the material utilization. In
addition, an additional operation is needed to trim away the flared end of the spun tabular parts. Efficient
control of flaring formation is thus a non-trivial issue in forward tube spinning process and thus become one
of the critical bottle- neck issues to be addressed in this unique forming process. In this study, the formation
mechanism of flaring was systematically studied via finite element (FE) simulation and an in- depth
understanding was thus established, which forms basis for control of flaring forming in forward tube
spinning. Based on the simulated material flow behaviour, it is found that flaring is formed by the material in
non-spun zone flowing away from the mandrel. This material flow behaviour is caused by the pile up and
the decreasing stiffness of the non-spun zone. In addition, the effects of process parameters on flaring were
investigated to reduce flaring. The results show that the smaller feed rate and thickness reduction per pass
can reduce the maximum flaring to a certain extent, but is very limited. To increase productivity and shorten
forming lead-time, an efficient method to control flaring was proposed using a pressing ring in front of the
roller based on the formation mechanism of flaring. FE simulation was further used to study the feasibility and
demonstrates the validity of the method in terms of reducing and even eliminating the flaring with a short
production lead-time. Finally, the forward tube spinning experiments were carried out to validate the
formation mechanism of flaring and the method to avoid or eliminate the flaring formation in forward tube
spinning.
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1 Introduction

Tube spinning, also known as flow forming, is a forming process used to produce cylindrically tubular
components [ 1—4]. According to the axial flow direction in tube spinning process, tube spinning is classified
into two categories, namely, forward and backward spinning. In forward tube spinning process, workpiece
rotates with mandrel and one or more rollers, which revolve around their own axis, move axially along the
workpiece to reduce the thickness and increase the axial length of workpiece. Thus, the material flows in
the same direction as that of the rollers, as shown in Fig. 1 [5]. While in backward tube spinning process,
the material flows in the opposite direction to that of the rollers [6]. In most cases, forward tube spinning
process is usually adopted to manufacture thin-walled tubular components with a high length- diameter
ratio [7]. In this spinning process, however, flaring may occur at the opening end of workpiece (Fig. 2)
[8—10]. This can easily lead to fracture at the tube end in the subsequent spinning process.
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Fig. 1 Forward tube spinning

Spinning start

—
N By

X
\

f Spinning end

No flaring

Flaring

Fig. 2 Flaring formation at the end of the tube

The diameter of the flared end is much larger than that of the other parts of the tubes (Fig. 2). Flaring is thus
considered to be a result of the increase in diameter (or diametrical growth) of the opening end of the
tube in tube spinning process [11], and many studies have been conducted on diameter expansion than on
flaring. Xu [12] noted that the diameter expansion in forward tube spinning process of steel was caused
by circumferential tensile strain. Based on the elastic- plastic finite element (FE) analysis of the forward tube
spinning process, Xue et al. [13] concluded that diameter expansion and flaring were both caused by the
increase of circumferential strain and stress. In addition, Song et al. [14] investigated the circumferential
residual stress in forward tube spinning process through FE analysis and X-ray diffraction experiments. They
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found that the tensile residual stress was much larger than shear residual stress, which contributed to the
diameter expansion. Furthermore, Rajan et al. [15] revealed that the diameter expansion is a function of the
ratio of the circumferential contact length to the axial contact length according to the experiments by high
strength SAE 4130 steel tubes and the smaller the ratio or the larger the thickness reduction, the greater the
diameter expansion. Through flow forming experiments using the annealed AA6061 tubes, Davidson et al.
[16] found that a roller feed rate in the range of 50—100 mm/min and a minimal gap between mandrel and
workpiece are beneficial for avoiding diameter expansion. Fazeli et al. [17] figured out that the lower
thickness reduction with the thinner preform thickness, the higher feed rate of rollers, the slower mandrel
rotational speed, and further the lower solution treatment time facilitate obtaining the smaller internal
diameter growth and wall thickness change in spinning of 2024 aluminium alloy tube. Moreover,
Molladavoudi et al. [7] concluded that the diameter growth increases with the increment of thick- ness
reduction in tube spinning process.

These prior arts were mainly focused on diameter expansion occurring in the deforming zone in tube spinning
process, which experiences strong constraints from rollers and the spun and non-spun zones. While flaring
occurs at the opening end of the tubes in the final spinning stage, it may experience the constraints different
from those in diameter expansion [18]. This difference means that the forming mechanism and deformation
behaviours influencing flaring occurrence might not be the same as those in diameter expansion and thus
need to be systematically studied and investigated. On the other hand, how to control flaring and further
to avoid it in forward tube spinning process is a critical and non-trivial issue, due to the lack of in-depth
understanding of the formation mechanism of flaring and there are no effective methods to control and
avoid it. The present solution is to cut off the flared end of tubes, which would reduce material utilization
and increase production lead-time and cost.

In this research, the flaring formation mechanism and its evolution in tube spinning process were
systematically studied by physical experiments and finite element (FE) simulation. The effects of various
process parameters on flaring formation were thoroughly explored and investigated. Based on the
systematic and epistemological understanding established via these explorations, an efficient method to
control flaring formation was proposed. The efficiency of developed method was validated by experiment
and it provides a solution for addressing this issue in industries.

2 Simulation preparation and physical experiment

To reveal the instantaneous flaring formation mechanism and the material flow which lead to the formation
of flaring, FE simulation was employed as it can reveal the instantaneous deformation and flow of material,
which is generally impossible for physical experiment. In addition, FE simulation has been proven to be
an efficient tool for addressing metal forming design in terms of metal formed part design, process
determination, tooling design and product quality control and assurance [19-21]. In tandem with this, the
extensive FE simulations were conducted, together with physical experiments to study the flaring
systematically in forward tube spinning process.
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2.1 Material

The tube material used in this study was an Al-Mn1-Cu aluminium alloy and its composition was listed in
Table 1. The mechanical properties were determined by tension test and the true stress-strain curve was
shown in Fig. 3.

By using the true stress-strain curve, the material constitutive model was represented by Eq. (1),
0 = gs+Be" Eq.(1)

where ¢ and ¢ are the stress and strain, respectively. os is the initial yield stress and B and n are material
constants. The material constants used in this study were shown in Table 2.
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Fig. 3 True stress- strain curve of Al-Mn1-Cu aluminium alloy

Table 1 Chemical composition of Al-Mn1-Cu aluminium alloy
Element Al Mn Cu Si Fe Zn
Content (Wt%) Matrix 1.2 0.2 0.6 0.7 0.1

Table 2 Property parameters of Al-Mn1- Cu aluminium alloy

Parameters Values
Elastic modulus E (GPa) 69.08
Poisson ratio v 0.33
Initial yield stress ¢S (MPa) 52
Material constant B (MPa) 153
Material constant n 0.21

2.2 Simulation of forward tube spinning process

In forward tube spinning, there exists a large plastic deformation with the nonlinearities of material,
geometry and boundary. Abaqus/Explicit code was used and the three-dimensional (3D) elastic-plastic FE
model was shown in Fig. 4. In the model, the tube was set as a deformable body and was meshed by an 8-
node reduced integration brick element. Four layer elements were adopted along the thickness direction of
the tube blank, which are sufficient to model the deformation in thickness direction in spinning process
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[22—-24]. In addition, adaptive mesh control was applied to remesh the tube work- piece during the process.
The roller and the mandrel were set as rigid body. A coupling constraint was applied to the fixed end of
the tube to synchronize the tube and mandrel rotations. A velocity boundary was applied to control the
rotation of mandrel and the axial feed motion of the roller. In addition, the Coulomb’s friction model was
used to represent the sliding effect between tube blank, rollers and mandrel. The friction coefficients
between blank, mandrel, and roller were all set as 0.1 [25]. The forming parameters are listed in Table 3.

Mandrel
/

Roller

Workpiece
Coupling

Fig. 4 3D elastic-plastic FE model for forward tube spinning

Table 3 Forming parameters in FE simulation

Parameters Values Parameters Values
Tube blank length (mm) 120 Roller feed rate f (mm/r) 1.5
Inner diameter of blank 320 Spinning pass ng 1
Blank thickness (mm) 12 Total thickness reduction y 40
Roller diameter (mm) 200 R&ation speed (r/min) 100
Roller attack angle (°) 30 Friction coefficient p 0.1
Roller fillet radii (mm) 5 Roller feed stroke (mm) 140

Theoretically, more accurate simulation results are expected by using the finer mesh, but at the cost of
computation time and cost. To reasonably determine the mesh size of tube blank, the calculation accuracy
and the time and cost of three FE models with mesh sizes of 4, 3 and 2 mm in the axial-hoop plane were
compared. Table 4 shows that the maximum Mises stress, the maximum equivalent strain and computation
time are all increased with the decrease of mesh size. Furthermore, the values of the maximum Mises stress
were not found to change significantly under various mesh sizes. On the other hand, the difference of the
maximum equivalent strain for the mesh size of 4 and 3 mm is 12.3%, while that for the mesh size of 3
and 2 mm is only 4.5%. These differences indicate that a mesh size less than 3 mm is good enough to
simulate the tube spinning process. Considering the computational time with the mesh size of 3 mm is
39.2% less than that with the mesh size of 2 mm, the mesh size of 3 mm was thus adopted in stimulation.
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In addition to the mesh size, the mass scaling factor also significantly affects the simulation results. To
choose a reason- able mass scaling factor in simulation, the calculation accuracy, stability and efficiency
of the model, and the internal energy, kinetic energy and computation time with four mass scaling factors
were investigated, as shown in Fig. 5. In the figure, the internal energy is found to be increased with
spinning time. With the decrease of mass scaling factor, the difference of the internal energy with various
mass scaling factors is increased with time and the maximum relative difference of the internal energy in
different scenarios is approximately 8.1% in the final spinning stage. Figure 5b shows that the kinetic
energies under various scaling factors are all increased significantly in the initial spinning stage and then
tend to be almost stable in the subsequent spinning stage. In addition, Fig. 5b also shows the increasing
fluctuation of the kinetic energy in the stable stage with the increase of the mass scaling factor, which
illustrates that the dynamic effect becomes increasingly significant with the increasing mass scaling. These
variations of the internal and kinetic energies lead to the decrease of the ratio of kinetic energy to internal
energy with spinning time, and its increase with the mass scaling factor, as shown in Fig. Sc. Furthermore,
Fig. 5c also shows that the initial stage in which the ratio is decreased sharply to 5% become shorter with
the decrease of mass scaling factor. The curves with the mass scaling factor of 3500 and 6400 show a
longer stage, in which the ratio of 5% is larger than those with the mass scaling factor of 900 and 400. This
indicates that a smaller mass scaling factor facilitates a more rapid transition to the stable spinning process.
Figure 5d shows that with the increase of mass scaling factor, computation time decreases remarkably. For
a reliable FE simulation of the spinning process, the maximum ratio of kinetic energy to internal energy
must be less than 10%, and the kinetic energy curve must be free of any sudden fluctuation [26—-30]. Based
on this discussion, it can be concluded that the energy variation under the mass scaling factor of 900 and
400 are within the limit for a reliable FE simulation of the spinning process. This indicates that dynamic
effect in the spinning process is not significant and can be negligible in these two mass scaling factors.
Furthermore, considering that the computation time with the mass scaling factor of 400 is approximately
1.5 times longer than that with the mass scaling factor of 900, the rational mass scaling factor for simulation
was confirmed as 900.

Table 4 Simulation results under different mesh sizes

Mesh size 4 mm 3 mm 2 mm
Maximum Mises stress (MPa) 238.1 240.7 241.3
Maximum equivalent strain 4.569 5.210 5453
CPU time (h) 99 248 408

2.3 Forward tube spinning experiment

The forward tube spinning experiments were conducted on a CZ900/2CNC spinning machine, as shown
in Fig. 6. The blanks used in the experiments were cut from tubes. To make the tube blank rotate
synchronously with the mandrel, a fixed end was manufactured at the bottom end of the blank and a
designed fixed die was inserted into the fixed end, as shown in Fig. 7. The fixed die is connected to the blank
by inserting the fixed die into two through holes manufactured in the fixed end of the blank. During the
experiment, the tailstock was forced to press the fixed die to make the tube blank rotate synchronously with
the mandrel. The forming parameters were the same as those in Table 3. The blank surface was coated
with MoS? as lubricant. Furthermore, a coolant was also used through the experiment process to avoid

rapid temperature rise of spun tube.
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Fig. 6 Tube spinning experiments. (a) Tube blank on the mandrel. (b) The assembly of the fixed die
and blank
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3 Flaring formation and influencing parameters

The formation of flaring in forward tube spinning process and the effects of process parameters on flaring are
the focus and they were systematically studied and presented in the following.

3.1 Formation mechanism

Based on the FE simulation of forward tube spinning process, the formation of flaring can be divided into two
main stages, as shown in Fig. 8. Firstly, when the roller moves forward, the material in front of the roller
accumulates and pile up is formed. Due to the formation of pile up, the material in front of the roller further
flows upwards and backwards and moves away from the mandrel. Bulge up is then formed between the
flowing material and mandrel. At the same time, the material in the non-spun zone still flows forwards and
shows no tendency to move away from the mandrel. Then, the roller keeps moving forwards, the material in
the non-spun zone moves away from the mandrel and a gap is formed between the material and mandrel
and stage 2 begins. In stage 2, due to the formation of pile up, the material still flows upwards and the
material in front of the roller keeps moving away from the mandrel. Meanwhile, due to the formation of
bulge up and the decreasing length of the non-spun zone, the stiffness of the non-spun zone significantly
decreases. When the stiffness of the non-spun zone decreases to a certain value, the material in the non-spun
zone is affected by the pile up. It flows up- wards and forwards and moves away from the mandrel. This
flow pattern finally develops a flaring and the maximum flaring would appear when pile up disappears, as
shown in Fig. 8.

3.2 Flaring influencing parameters

Based on the revealed flaring formation mechanism, it is firstly suggested in this research to introduce the
optimized parameters to make the material just flow forwards along the mandrel for the purpose to avoid
the formation of flaring. Therefore, based on the FE model established in Section 2.2, a group of
simulations was designed using the single factor analysis method, as shown in Table 5, to study the effects
of process parameters (roller feed rate, roller fillet radii, roller attack angle, thickness reduction and
thickness distribution in multiple passes) on the evolution and formation of flaring and also to control
flaring in the process. The flaring was evaluated by the flaring angle and the axial length of flaring. The
larger flaring angle and axial length indicate that the flaring is more severe.
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Table 5 Research plan for single factor analysis

No. Roller feed rate  Roller attack Roller fillet radii  Spinning  Reduction per Total
Parameters f (mm/r) angle a (©) Rr (mm) pass Ng pass Yj (%)  reduction

(%)

1 0.5 30 5 1 40 40
2 1 30 5 1 40 40
3 1.5 20 5 1 40 40
4 1.5 25 5 1 40 40
5 1.5 30 1.5 1 40 40
6 1.5 30 3 1 40 40
7 1.5 30 5 1 20 20
8 1.5 30 5 1 60 60
9 1.5 30 5 3 20 60

3.2.1 Effect of roller feed rate

Figure 9 shows the simulation results of the material flow behaviour with different feed rates. When the

feed rate is 0.5 mm/r, the material under the roller does not have the tendency to move away from the

mandrel before the feed stroke of 70 mm, though pile up is already formed. Thus, no bulge up and gap is

formed. But the flaring is formed directly when the non-spun zone decreases to a certain length, in which

the stiffness of non-spun zone is reduced and the non-spun zone is being affected by the pile up and the

material flows up- wards. As the non-spun zone has a better stiffness without bulge up and gap. The

flaring is formed with a shorter non- spun length compared with those under the larger feed rate. The

flaring angle at the feed stroke of 140 mm is much smaller than that under the feed rate of 1 and 1.5

mm/r. When the feed rate is 1 mm/r, the bulge up, gap and flaring are formed, which are smaller than those

under the feed rate of 1.5 mm/r (Fig. 8). This is due to that under a smaller feed rate, the material smoothly
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flows along the axial direction, resulting in the smaller pile up. With the smaller pile up, the trend of
material flowing upwards also decreases. Furthermore, it needs to be noted that the flaring would keep
growing when the feed stroke exceeds 140 mm under the smaller feed rate of 0.5 and 1 mm/r, as shown
in Fig. 9. The maximum flaring is found to appear with the larger feed stroke under smaller feed rate.
The maximum flaring angle and axial length are all found to decrease with the decrease of feed rate, which
indicates that smaller feed rate is helpful to control flaring formation.
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Fig. 9 Material flows in different feed rates. (a) f = 0.5 mm/r. (b) f = 1 mm/r
3.2.2 Effect of roller attack angle

Figure 10 shows the simulation results of the material flow with different attack angles. It is found that the
bulge up, gap and flaring are formed under different attack angles. The bulge up and pile up decrease with
the increase of attack angle. This is caused by the fact that with the smaller attack angle, the contact length
between the roller and blank increases, leading to the decrease of the axial material flow and the increase
of circumferential material flow, which in turn causes a larger bulge up and gap. However, under a smaller
attack angle, the larger bulge up and gap would not lead to a larger flaring angle. As the flaring
development is constrained by rollers and when the flaring grows to the roller attack angle, it will stop
increasing. Thus, the maximum flaring angle under larger attack angle is larger than those under the smaller
attack angles. However, the maximum flaring axial length under the larger attack angle is found to be
smaller than those under the smaller attack angles. Those results indicate that the smaller or larger attack
angle would lead to a more severe flaring.
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3.2.3 Effect of roller fillet radii

Figure 11 shows the simulation results of the material flow behaviour with different roller fillet radii. The
maximum flaring all appears at the feed stroke of 140 mm. It is found that the maximum flaring angle and
axial length all increase slightly with the increase of roller fillet radii. This is because the con- tact area
between the roller and the workpiece increase with the increase of roller fillet radii. An increased amount
of material under the contact area implies that more materials must flow in the axial direction, resulting in
a greater material accumulation in front of the roller, which leads to a slight increase in the pile up in front
of the roller and thus an in- creased bulge up, gap and flaring angle.
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Fig. 12 Material flows in different thickness reductions. (a) 20%. (b) 60%

3.2.4 Effect of thickness reduction

The thickness reduction in a single pass on flaring and the total thickness reduction and its allocation in
multiple passes have an effect on flaring formation and thus need to be studied.

Effect of thickness reduction in single pass Figure 12 shows the simulation results of the material flows
with different thickness reductions. When the thickness reduction is 20%, the bulge up and gap is not
formed before the feed stroke of 70 mm, which is caused by the fact that a small thickness reduction results
in a small pile up. The small pile up would not make the material near the mandrel flow upwards. The
flaring is formed in the final stage in which the stiffness of the non-spun zone decreases to a certain value,
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being affected by the pile up. At the feed stroke of 140 mm, the flaring is found to be smaller than those
under the thickness reductions of 40 and 60%. Furthermore, the maximum flaring and axial length are also
found to be smaller than those under the thick- ness reductions of 40 and 60%. When the thickness
reduction is 60%, compared with the smaller thickness reduction, a larger pile up is formed under this
condition and thus leads to a larger bulge and gap and finally results in a larger flaring angle and axial
length. This indicates that a smaller reduction in single pass is helpful to control flaring formation.

Effect of thickness reduction in multiple pass: Figure 13 shows the simulation results of the material
flows in the second and third passes under a total reduction of 60% with the same thickness reduction per pass
(thickness reduction of 20%). In the second pass, it is found that a very small bulge up is formed and then
gradually grows up. In the final stage of the second pass, the flaring is formed due to the decreasing length of
non-spun zone. Compared with the spinning process with one single pass with the thickness reduction of 40%
(Fig. 8), it can be found that the maximum flaring angle and axial length with two passes is smaller and appears
with the larger feed stroke. While in the third pass, it can be clearly found that a large bulge up appears and
gradually grows up, resulting in the large flaring angle and axial length. Compared with the spinning process
with one single pass with the thickness reduction of 60% (Fig. 12), three passes spinning would not help
decrease the flaring. For the thickness reduction of 60%, more spinning passes with a smaller thickness reduction
per pass are needed for flaring control.
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Fig. 13 Material flows in different spinning passes. (a) 2nd pass. (b) 3rd pass
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Fig. 14 Pressing ring fixed on the axle of the roller Fig. 15 Special roller suggested by Klocke and Knig [31]

4 Control and reduction of flaring

Based on the investigation of the influence of process parameters in Section 3.2, it can be concluded that
the decreasing thickness reduction per pass and roller feed rate can help decrease flaring to a certain
extent. However, the decrease is very limited. Furthermore, the spinning process under these parameters
has a long forming lead-time. This makes it difficult to form the high-performance and light-weight tubes
through spinning with a good productivity.

Therefore, a control method to efficiently reduce and even eliminate flaring in the forward tube spinning
process 1s thus critically needed. Based on the analysis of forming mechanism in Section 3, it is known that
flaring is mainly caused by pile up. Therefore, a method to control flaring formation was proposed by installing
a pressing ring in front of the roller, as shown in Fig. 14. With the pressing ring is fixed in the axle of roller, it
can move axially with the roller and rotate during the spinning process. Therefore, the pressing ring can
suppress the material pile up in front of the roller and flow away from the mandrel.

Considering the relative positions of the pressing ring and the roller, the thickness reduction and the constraint
to the pile up in front of the roller, the outside diameter of pressing ring should be slightly smaller than the
difference of the diameter of roller and thickness reduction. Therefore, the outside diameter of pressing ring
was determined as

d, =d, —2y—mt, Eq.(2)

where dp is the outside diameter of pressing ring, dr stands for the roller diameter,  is the total thickness
reduction, t() is the initial wall thickness of tube blank, and m is a coefficient with a range of 0.2—0.4 to define
the initial gap between the press ring and the blank under different thickness reductions. The initial gap
could prevent the friction caused by the unnecessary contact between the press ring and the blank in the
initial stage of spinning. The length of the pressing ring can be set as approximately 3—5 times the thickness of
the tube blank, since the length of the non-spun zone approximately reaches the value when flaring occurs.

In this method, the pressing ring can suppress the formation of pile up in front of the roller, finally controlling
the flaring at the end of tube spinning. This method is similar to that of the special roller with a specific shape
fillet, suggested by Klocke and Knig [31], as shown in Fig. 15. The separate structural design of the pressing
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ring with the roller makes enables flexible matching of pressing rings to the roller with different radii. This
makes the pressing ring suitable for different spinning processes with different thickness reductions, in
contrast to the design of the fillet size of the special roller suggested by Klocke and Knig. The difference in
the two structures indicates that the method in this study is more flexible.

To verify the feasibility of the proposed method for con- trolling flaring, a 3D FE model of forward tube
spinning with a pressing ring (Fig. 16) was established, based on the 3D FE model without the pressing ring
described in Section 2.2. In the model with the pressing ring, all the process parameters were the same as
those in Section 2.2 and Table 3. The pressing ring was set to have a length of 45 mm and a diameter of 186.8
mm by using a coefficient m of 0.3.

Press ring

Fig. 16 3D FE model for forward tube spinning with a pressing ring
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The material flow with flaring is shown in Fig. 17. With the feed stroke of 30 mm, it is found that no pile up
is formed under the action of press ring. Thus, the material under the roller flows forwards and shows no
tendency of flowing up- wards, resulting in no bulge up. As roller moves forwards with the feed stroke of 70
mm, the material under the roller still moves forwards, while the material in the non-spun zone also flows
forwards. Thus, no gap is formed between the material and mandrel. When the roller moves to the end of
the work- piece with the feed stroke of 210 mm, it can be clearly found that no flaring is formed, indicating
that the pressing ring can prevent the formation of flaring efficiently.

J S=1.5mm/r

Fig. 18 Flaring got in experiments and simulations at the same feed stroke
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Fig. 19 Comparisons of flaring between experiments and simulations
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Fig. 20 The pressing ring used and the spun tubes with pressing ring. (a) Pressing ring. (b) Spun tubes
with pressing ring
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5 Experiment study

The forward tube spinning experiments with the roller feed rate of 0.5, 1.0 and 1.5 mm/r were conducted as
case studies in this research. The longitude section of the spun tube with the feed stroke of 140 mm were
shown in Fig. 18. It can be found that flaring also occurs in the experiments, and flaring in- creases with
feed rate. The flaring angles identified in experiments are found to show no large difference with those got in
simulations, as shown in Fig. 19.

To avoid flaring, a pressing ring was designed based on the simulation in Section 4, as shown in Fig. 20a.
Figure 20b shows the spun tube with pressing ring. It can be found that no flaring appears in the spun tube,
which indicates that the introduction of pressing ring into the spinning system is an effective method to
reduce and even eliminate flaring. It is worth noting that the spinning experiment was accomplished under
alarge roller feed rate of 1.5 mm/r, and a large thickness reduction in a single pass of 60%. This further indicates
thatit is an efficient method to reduce and even eliminate flaring under a large roller feed rate and thickness
reduction per pass with high productivity.

6 Conclusions

The formation mechanism, influencing parameters and control method of flaring were investigated through
FE simulation on the forward tube spinning of Al-Mnl-Cu aluminium alloy together with physical
experiments. The main conclusions are drawn in the following:

1. In forward tube spinning process, the formation of flaring is formed as the material in the non-spun zone
flows away from the mandrel. This material flow is caused by the pile up and the decreasing non-spun zone
stiffness.

2. The roller feed rate and thickness reduction per pass are the key factors influencing flaring formation. For
the spinning process with a large total thickness reduction, it is useful to use multiple passes and the small
thickness reduction per pass and roller feed rate can decrease flaring to a certain extent. However, the flaring
decrease is very limited and such a spinning process has a long forming lead-time.

3. A method to reduce flaring by introducing a pressing ring in front of the roller in spinning system was
proposed to control flaring via suppressing the pile up of material in spinning process. The FE simulations
and experiments show that it is an efficient method for reducing and eliminating flaring with short forming
time and thus provides a promising method for industries to address this issue.

4. The formation mechanism of flaring and the deformation behaviours affected by various process
parameters were revealed by FE simulation and physical experiments, which provide an in-depth
understanding of spinning and help process determination and tooling design in fabrication of spinning parts.
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