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Abstract

Forward tube spinng (or flowforming) is usualy employed to produce cylindrically tubular compotsen
to meet the iareasng requirements for manuftring high- performance and light-weight prodsiat
low cost and shotead-time. In forward tube spinning, flaring deflenay easilyoccuratthe opening end of
tubes, which woud deterioratehe quality of the spun tubular parts and cethe materialutilization. In
addition,an additioral operationis neeed to trim away theflared endof the spun tabular partEfficient
control of flaring formatiofis thus anon-trivial issuein forward tube spinmig process and thus beneone
of the critial bottle- nek isstesto be addressad this unique forming procesin this study, the formation
mechanism of flaring was systematigastudied via finie element (E) simulation andan in- depth
understanding was thus established, which forms basis for kcohtflaring forming in forward tube
spinning. Based on the simulatetateral flow behaviourit is found thatflaring is formedby thematerialin
non-spun zone flowing away from the mardiidnis materl flow behaviour is cawsl by the pie up and
the decreasigstiffness of the non-spun zone. In addition, the effegsafess parameson flaring wee
investigaédto redwce flaring. Theresultsshow ttatthe smalkkr feed rate and thickness reduction persga
can redaethe maximum flaringo a certain extent, big very limited. To increaeproductivty and shaen
forming lead-tine, an efficient methodo control flaring vaspropogdusing a pressing ririg front of the
rollerbased on thiermation mechanisrof flaring. FE simulaton wasfurther ugdto study the feasibiljt and
demonstrats thevalidity of the methodn termsof reducing and ean eliminating the flang with a short
production leadine. Finally, the forwed tube spnning experiments we carried outto validae the
formation mechanism of flaring and the methodvoid oreliminatetheflaring formation in forward tube
spinning.
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1 Introduction

Tube spinningalso knownas flow forming, is a formig process used to prodice cylindrically tubular
compments[1-4]. Accordingto the axial flow directiomn tube spinning procegube spinmgis classified
into two categoriesnamely, forward and backwaspinning. In forward tine spinning proces workpiece
rotates wih mandrel and oner mare rollers, which revolve around their own axis, maxally along the
workpieceto redice the hicknessand incresethe axial length of workpiece. Thus, the material flanvs
the same directioasthat of the rolles,asshownin Fig. 1 [5]. While in backwad tube spinmg proces,
the mateml flows in the opposite direction to that of the rollegs [n most cases, forwardiaspinning
processs usually adoptetb manufacture tim-walled tubular commnents with a hgh lengh- diameer
ratio [7]. In this spinning proces however, flaringmay occurat the opening end of workpiece (Fi).
[8-10]. This can easily ladto fractue at the tube endin the subsequent spinning proees

Before spinning \|74
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/ -+4--1-- «— Roller ‘
Workpiece Mandrel

Fig. 1 Forwad tube spinning
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f Spinning end

No flaring

Flaring

Fig. 2 Flaingformationatthe end of the tube

The diamegr of the flaedendis much kger tranthat of the other parts of the tubes (Riy.Flaringis thus
considered to be a result tife increase in diametéor diametrical growth) of the opening end of the
tubein tube spinning proas|[11], and may studies hae been conducteadn diameter expansion dh on
flaring. Xu [12] noted ttat the damete expansion in forward tube spinning process of steed gausd

by circumferentiatensle strain. Based on the elastic- plastictér@lement (E) analyss of the forward tube
spinnng proces, Xue et al. [13] concluded tht diameér expansion and fteng weae bah caugd by the
increase of circumferential s&in and stresdn addition, Songet al. [14] invedigatedthe circumferential
residwal stressin forwardtube spinning process througk analyss and X-raydiffraction experiments. They
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found that the tensile residustresswas muchdmger than shear residustress, wtah contributedto the
diameer expansia. FurthermoreRajanet al. [15] reveaéd that thediameer expansions afunction of the
ratio of the circurferential contact lertg to theaxial contact lenth accoding to theexperimentshy high
strengh SAE 4130steel tubesnd the smaller the ratio or the larger the thickmedsdion, the greater the
diameer expansion. Through flow forming exjpeerts using theanneatd AA6061 tubes, Davidsonet al.
[16] found that a roller feed rate in the range of 500 mm/min and a minimal gap between mandrel and
workpiece are beneficial for avoiding dianegtexpansion. Fakeet al. [17] figured out that the lower
thickness reduction wh the thinner preformhickness, the higdr feed rate of rollers, the slower mandrel
rotatioral speed, and further the lower solution tneatt time faciitate obtaing the smaller intemal
diameter growth and wall thickness chage in spinnng of 2024 aluminium koy tube. Moreover,
Molladavoudi et al. T] concludedthat the diameer growth increases wh the incrementof thick- ness
reductionin tube pinning proces.

These prior as were mainly focused on diamatexpansiomccurrngin thedeformng zonein tubespinning

proces, which experiences strong constraints from rollers and the spun and non-spun zones. While flarin
occurs at the opening end of the tubes in the final spinning stage, it may experience the condants dif
from those in diameter expansion [18]. This difference means that the forming mechanism and deformatio
behaviours influencing flaring occurrence might not be the same as those in diameter expansion and tht
need to be systematically studied and investigated. On the other hand, how to control flaring and furthe
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 anc
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 th
systematic and epistemological understanding established via these explorations, an efficient method
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 formatior
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 assuraneé[1th 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 w
shown in Fig. 3.

By using the true stress-strain curve, the material totige 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-Mi@u 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 Propertparameters of Al-Mn1- Cu aluminium alloy

Parameters Values
Elastic modulus E (GPa) 69.08
Poisson ratio v 0.33
Initial yield stress oS (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 F
model was shown in Fig. 4. In the model, the tube was set as a deformable body and was meshed by an
node reduced integration brick element. Four layer elements were adopted along the thickness direction
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 proces:
The roller and the mandrel were set as rigid body. A coupling constraint was appliedixedrend 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 motiont@froller. 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 3Delastic-plastic FE model for forwed tube spinning

Table 3 Forming parameters in FE simulation

Parameters Values Parameters Values
Tube blank lentp (mm) 120 Rollerfeed rate f (mnm) 15
Inner diaméer of blank 320 Spinning pasns 1
Blank thickness (mm) 12 Total thicknessredtction y 40
Roller diameer (mm) 200 Rotation sped(r/min) 100
Roller atack angle (°) 30 Friction codficient p 0.1
Roller filletradi (mm) 5 Rollerfeed strokémm) 140

Theoretically, more accurate simulation results are expected by using the finer mesh, but at the cost
computation time and cost. To reasonably determine the mesh size of tube blank, the calculation accura
and the time and cost of three FE models with mesh sizes of 4, 3 and 2 mm in the axial-hoop plane wel
compared. Table 4 shows that the maximum Mises stress, the maximum equivalent strain and computatic
time are all increased with the decrease of mesh size. Furthermore, the values of the maximum Mises stre
were not found to change significantly under various mesh sizes. On the other hand, the difference of th
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
simulate the tube spinning process. Considering the computational time with the mesh size of 3 mm i
39.2% less than that with the mesh size of 2 mm, the mesh size of 3 mm was thus adopted in stimulatior
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In addition to the mesh size, the mass scaling factor also significantly affects the simulation results. Tc
choose a reason- able mass scaling factor in simulation, the calculation accuracy, stability andyefficienc
of the model, and the internal energy, kinetic energy and computation time with four mass scaling factor:
were investigated, as shown in Fig. 5. In the figure, the internal energy is found to be increased witl
spinning time. With the decrease of mass scaling factor, the difference of the internal energy with variou:
mass scaling factors is increased with time and the maximum relative difference of the internal energy ir
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 st and
tend to be almost stable in the subsequent spinning stage. In addition, Fig. 5b also shows the increasi
fluctuation of the kinetic energy in the stable stage with the increase of the mass scaling factor, whict
illustrates that the dynamic effect becomes increasingly significant with the increasing mass scaling. Thes
variations of the internal and kinetic energies lead to the decrease of the ratio of kinetic energy to interne
energy with spinning time, and its increase with the mass scaling factor, as shown in Fig. Senbrathe

Fig. 5¢ also shows that the initial stage in which the ratio is decreased sharply to 5% become shorter wit
the decrease of mass scaling factor. The curves with the mass scaling factor of 3500 and 6400 show
longer stage, in which the ratio of 5% is larger than those with the mass scaling factor of 900 and 400. Thi
indicates that a smaller mass scaling factor facilitates a more rapid transition to the stable spinrsigg proce
Figure 5d shows that with the increase of mass scaling factor, computation time decreases refarkably.

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 fluctu&@jnB26ed

on this discussion, it can be concluded that the energy variation under the mass scaling factor of 900 ar
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 sdaliag fac
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 simulatio
was confirmed as 900.

Table 4 Simulation results under different mesh sizes

Meshsize 4 mm 3 mm rAam

Maximum Misesstress(MPa) 238.1 240.7 241
Maximum equivalent sain 4.569 5.210 5.45
CPU time (h) 99 248 A(

2.3 Forward tube spinning experiment

The forward tube spinng experiments were conducted on a CZ900/2GGning maclne, as shan
in Fig. 6. The blanks w=d in the experimentswere cut from tubs. To make the toe blank rotée
synchronously wh the mandre a fixed end \&s manufactued at the bottom end of the blank ard
desigredfixed die wasinseredinto thefixed end,asshown in Fig7. The fixed digs connectedo the blank
by inserting the fixed die into two through loles manufactued in thefixed end of the blank. During the
experiment, the tailstock was forced to press the fixetbaieake the tube blank ragsynchronouy with
the mandre The forming paramets were the sane asthosein Talde 3. The blank surface was cedt
with MoS2 as lubricant. Furthermore, a coolamés dso usedthroughtheexperimet procesgo avoid

rapid temperate rise of spun tube.
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Fig. 7 Fixed end and tube blank. (a) Sketch. (b) Experimental scenario

3 Flaring formation and influencing par ameter s

Theformatian of flaring in forward tube spinning process and the effects of proceasptson flaring are
the focus and they were systematically stucaed presented in the followin

3.1 For mation mechanism

Based on thEE simulaton of forward tube spinmig process, the formation of flaring can be dividdgd two

man stages, as shown Fig. 8. Firstly, when theroller movesforward, the material in front ofthe roller
accumulates angile up is formed. Due to the formation ofgaiip, the mateal in front of the rolérfurther
flows upwards and backwards and movesyaftom the mandie Bulge up is then formed between th
flowing materal and mandre At the sanetime, the material in the non-spun zone still flows forwars
shows no tendendg move avayfrom the mandideThen, the robrkeeps moving forwards, the material in
the non-spun zone moves ayfrom the mandrel and a gépformed between the matediand mandrel
and stage 2 begini stage 2, du¢o the formation of pe up, the mateai still flows upwards and th
material in frontof the roler keeps moving aay from the mandide Meanwhile, dudo the formation of
bulge up and the decreasing ldngf the non-spun zone, the stiffness of the non-spunsigniéicanty
decreasg Whenthe stiffness of the non-spun zatexreaseto acertainvalue,the mateal 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 disapgpears,
shown in Fig. 8.

3.2 Flaring influencing parameters

Based on the revealed flaring formation mechanism, it is firstly suggested in this research to itieoduce
optimized parameters to make the material just flow forwards along the mandrel for the purpose to avoic
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 effec
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 @f Tlaen

larger flaring angle and axial length indicate that the flaring is more severe.
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Fig. 8 Formation mechanism of flaring in forward tube spinning process

Table 5 Research plan for single factor analysis

No. Roller feed rate Roller atack Roller fillet radii  Spinnirg Reductionpe  Tota

Parameters  f (mmf) anglea () Rr (mm) passns passyi (%)  reduction
(O
1 0.5 30 5 1 40 40
2 1 30 5 1 40 40
3 15 20 5 1 40 40
4 15 25 5 1 40 40
5 15 30 15 1 40 40
6 15 30 3 1 40 40
7 15 30 5 1 20 20
8 15 30 5 1 60 60
9 15 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 th
mandrel before the feed stroke of 70 mm, though pile up is already formed. Thus, no bulge up and gap
formed. But the flaring is formed directly when than-spun pne decreases to a certain lépgn which

the stiffnessof non-spunzone isredwced and thenon-spun zone i®eng affected bythe pile upand the
material flowsup- wards. As thenon-spun zne has a bger stiffness withot bulge up and gaplhe

flaring is fomed with a shorter non- spun length compared witts¢lunder the larger feed rate. The
flaring angle at the feed stroke of 140 mmmsch smaller than that under the feed rate of 1 and 1.5
mm/r. Wherthe feed rate is 1 mm/rthe bulgeup, gapand flaring are formed, which asenaller than those
underthefeed rate ofl.5 mm/r (Fig.8). This isdue to thaunder asmallerfeed ratethe material smoothly
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flows along the axial directionresuling in thesmallerpile up. With the smaller pileup, the trend of
m aterialflowing upwardsalso decrease&urthermoreit needsto benotedthattheflaringwould keep
growing when the feed stroke excedd® mm under the smaller feeate of 0.5and 1 mm/r, asisown
in Fig. 9. The maximum flaring is found to appear witthe larger feed strokeinder smaller feed rate.
The maximunflaring angle and axial lengéne all found to de®ase withthe decrease of feedteawhich
indicates thasmaller feed rate is helpfuo control flaring formation.

(a) /=0.5mm/r (b) A~tmm/r

Fig. 9 Material flows in different feed rates. (a) 05 mm/r. (b) f =1 mm/r

3.2.2 Effect of roller attack angle

Figure10shows 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 détreas

the increase of attack angle. Tlicaused 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 increa
of circumferential material flow, which in turn causes a labggge up and gap. However, under a smaller
attack anglethe larger bulge upand gap would not lead to krger flaring angle. Asthe flaring
development is constrained by rollers amoen the flaring grows tahe roller attackangle, it will stop
increasing. Thus, the maximum flaring angle under larger attack angle is larger than those under the small
attack angles. However, the maximum flaring axial length under the larger attacksafogled to be
smaller than those under the smaller attack angles. Those results indicate that the smaller or larger atta
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 conmegact a
between the roller and the workpiece increase with the increase of roller fillet radii. An increased amoun
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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(a) Reducion thickness=20% (b) Reduction thickness=60%

Fig. 12 Material flows in different thickness reductions. (a) 20%. (b) 60%

3.2.4 Effect of thicknessreduction

The thickness reduction in a single pass on flaring and the total thickness reduction and its allocation i
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 no
formed before the feed stroke of 70 mm, which is caused by the fact that a small thickness reduction resul
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 valu
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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 als
found to be smaller than those under the thick- ness reductions of 40 and 60%. When the thicknes
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 arepteland
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 showsthe simulation results ofhe material
flows inthe second and third passesler a total reduction of 60% with the satimekness reductioperpass
(thickness reductionof 20%). In the second pass, it is foutitht a verysmdl bulge up isformed ard then
gradually grows up. In the final stagetbé mnd passhe flaring is formed due tthe decreasing length of
non-spun zone Compared with the spinning processtivone single passwith thethickness reuction of 40%
(Fig. 8), it can be found thiethe maximum flaring angle aradial length wth two passessismalle and appears
with the larger feed stroke. While in the third pass;ah be clearly found that large bulge up appears and
gradually goows up, resiting in the large flaring angle and axiagth. Compared witthe spinning poces
with one single s with the thickness reduction of 60% (Fif), three pases sjnning would not relp
decreasthe flaring. For thehickness reductiorof 60%, more spinning passes witsmalle thickness reduction
pea pas are needeir flaring control.
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Fig. 13 Material flows in different spinning passes. (a) 2nd pass. (b) 3rd pass
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Axle of roller  Roller Pressing ring  Back plate

Workpiece <—Roller

- Q& S .
Fig. 14 Pressing ring fixed on the axle of theeroll Fig. 15 Special roller suggested by Klocke anitdyk31]

4 Control and reduction of flaring

Based on thévestigationof the influence of process parametiersSection3.2, it can be concluded dh
the decreasinghickness reduction per pass and roller feed ratecan helpdecreaeflaring to a certain
extent. However, the decsass vay limited. Furthermae, the spinnmg process under these paramgte
has a long forming lead-tienThis makesgt difficult to form the high-performanaad light-weight tubes
through spinmgwith a good productivity.

Therefore, a conbl methaod to effidently reduce and even eliminate flaring time forward tube @nning
process is thaicritically needed. Based on the analysisafring mechanism isection3, it is known that
flaringis mainly causedy pile up. Thereforea method to cdrol flaringformation was propsed by installing
a pressing rig in front of the roller, as shown irfrig. 14. With the pressinging is fixed in the ale of roller, it

can move axially with the ral and rotate dunig the spinning mcess. Threfore, the pessing ring can

suppresshe material pile up in front dhe roller and flow away frorthe mandrel.

Considering the relative positions of the pressing ringlagraller, thethicknessreductionand theconstranmt
to the pile up in front of the roller, the outside diaenef presangring shold be slighly smaller tlanthe
difference of the diameter odller andthickness reductm Therefoe, the outside diamet of presangring
wasdetermired as

d, =d, —2y—mt, Eq.(2)

wheredp is the outsideliameer of pressing ring, dr stands for the radr diametery is the total thickness
reduction}q is theinitial wall thicknesof tube blank, andh is acoefficientwith a range of 0-20.4to define
the initial gap between the press ring and the blank untferesht thickness reductions. The initial gap
could prevent the fciion caugd by the unnecessacontact between the press ring and the biarike
initial stageof spinning. The lengh of thepressingring can be set agpproximately 35 timesthethicknesof
the tubeblark, since the lengtlof the non-spuzone approxinaely reactesthe \alue wrenflaring occurs.

In this method thepressing ring cansupprasthe formation of ge upin front of theroller, finally controlling
theflaring at the enaf tube spinning. Tis methods similarto that of the special rofirwith aspecifc shape
fillet, suggestetdy Klocke and Knig B1], asshownin Fig. 15. The separate structural dgsof the pressing
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ring with the rolermakes enables flexible matching of pressing rtogke roller with different radi This
makes the pressig ring suitalte for different spinning processesthidifferent thickness reductionsn
contrast to thelesgn of thefillet sizeof thespecial roler suggestedy Klocke and Kny. The differencen
the wo structuesindicatesthatthe method in tils studyis mare flexible.

To verfy the feasibility of the propesl method for con- troltigflaring, a 3DFE model of forward tube
spinning with a pressgring (Fig.16) wasestablishd, based on the 3D FE model without the pregsing
describedn Section 2.2, In the model vith the pressing ring, all the process parameters the saneas
thosen Sectior2.2and Talke 3. The pressing ring was gethavealength of 45mmand a diametof 186.8
mm by using acoefficiert m of 0.3.

Press ring

Fig. 16 3DFE model for faward tube spinning ith a pessing rng

No pile up

‘eiH\\ e : Stroke 30mm

Material flows N bulge up
forwards

Stroke 70mm

Material flows

Material flows
No gap forwards

forwards

Fig. 17 Material flows with pressing ring
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Themateral flow with flaring is shownin Fig. 17. With the feed stroke of 30 mmit is found that no ple up

is formed under the action of press ring. $hthe material under the reliflows forwards and shows no
tendemwry of flowing up-wards, resultingin no bulge upAsrollermovedorwardswith the feed stroke of 70
mm, the mateal under the ro#r still moves forwards, while th@ateral in the non-spun zone also flows
forwards. Thus, no gap formedbetween the material and maridi&henthe roler movesto the end of
the work- piece vih the feed strdke of 210 mm|jt can be clearly found &tno flaringis formed, indicating
thatthe pressigring can prevent the formation of flaring efficiently.

J S=1.5mm/r

J f=1.0mm/r
‘ f=0.5mm/r

Fig. 18 Flaing gotin expemments andsimulationsat the sane feed stroke

40
[JSimulation
I B2 A Experiment

30+

20

Flaring angle (°)

DN

0.5 1.0 1.5
Roller feed rate (mm/r )

Fig. 19 Comparisons of flaringelween experimats and simulations

(a) (b)

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 spinng experiments wh the roler feedrate of 0.5, 1.0 and 1.B1nVr were conducte as
casestudiesin this research. The longitude section of the spun tulbie tive feed strokeof 140 mm were
shownin Fig. 18. It canbefound that flaring also occuis the experiments, and flaring- creases wn

feedrate. The flaring angkidentifiedin experimetsare foundo show no lagedifferencewith those got in
simulatiors,asshownin Fig. 19.

To avoidflaring, apressig ring wasdesigredbased on the simulation in Sectidnas shownin Fig. 20a.
Figure20b shows the g tube with pressing ringlt can be found that no flaring appegrshe spun tube,
which indicates tat the introduction of pressg ring into the spinnmg sysem is an effective methotb
redwce and een eliminate flarimg. It is worth noting tatthe spinmgexperiment was accomplished under
alargerollerfeedraeof 1.5mm/r,and dargethicknes reductionin a sinde passof 60%. Thisfurther indicate
thatit is an efficient methodo reduce an@ven eliminate fhiing under adrgerollerfeedrate and thickness
reduction per pass i high productivity.

6 Conclusions

The formation mechams, influencing parameteand control method of flaring weinvestigaedthrough
FE simulation on the forward tube spinniofy AI-Mn1-Cu aluminium alloy together wh physial
experimerd. The main conclusions are drawmrthe followirg:

1. In forward tube spinning procgsheformation of flaring isformedasthemateral in thenon-sunzone
flows away from thenandré This materal flow is caugdby the pile up and the decreagnon-spun zone
stiffness.

2. The rolkerfeedrate and thickness reduction perssare the keyactors influencing flaring formatro For
the spinnmng process with a large ptal thickness reduction, it is usefidl use multipe passes and the srhal
thickness reduction per gsand rolerfeedrae can decreseflaring to a certain extent. However, the flaring
decreaeis very limited and sth a spinning process has a long forming leactim

3. A methodto redwceflaring by introducinga pressng ring in front of the rokérin spinning sysgmwas

propogdto control flaring via suppressing thitégpup of matedl in spinningproces. TheFE simuations

and experiments showadtit is an efficient method for reducg and elininating flaring with short forming
timeand thugprovidesa promising method for indus#sto address fis isste.

4. The formation mechanism of flaring and the deformabehavious affeced by various process
parameters were vealed by FE simulatiorand physical &periments, which provide am-depth
understanding ofspnning and hip processleterminatbn and tooling degjnin fabrication of spinning past
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