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ABSTRACT

Based on the experimental study platform of comemgtt-stand Y-shaped three —roll hot continuouing mills,
the paper analyzes the continuous rolling deforomatiprocess of TC4 titanium alloy bars with the
thermo-mechanical coupling of finite element ainedbserve the deformation features in specificspjuence
and conduct how the rolling technology schedul&asked out so as to achieve a stable continuousgoprocess
with compact production lines.
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INTRODUCTION

The titanium alloy is widely used in the fieldsdileeronautics and astronautics, marine ships,dazbhealth care,
metallurgical construction, civil supplies, .etd] [with little weight, high intensity, high heat éncorrosion
resistance, biological compatibility, good therrstbility, no magnetic field and toxicity and ottseiperior features.
With the expansion of its application field and therease on its demand, people’s requirement erptbducts
made of titanium alloy is gradually improved; tHere, the production technology and equipping lexfefitanium
alloy materials are improved. Titanium alloy bars &aditionally rolled by reciprocating rolling Htsi. In order to
improve their mechanical property and processiogrielogy, it is necessary to produce titanium abiays in small
scale with hot continuous rolling technology. Thaper, aimed at the production features of a cetii@nium alloy
bar production line, studies the rolling processhwheoretical analysis and FM thermo-mechanicaipting to
make clear of the deformation features of titanialtoy materials in new rolling ways and optimizes ttolling
technology schedule on the basis of the study [1].
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CONTINUOUSROLLING FEATURESOF TITANIUM ALLOY BARS

The compact bar hot continuous rolling productime I(Fig.1) is made up of eight-stand 350 Y-shattede-roll

mills which are specially used in the rolling preseof hard-deformed metal bars like titanium allag. rolling

materials have the features of a narrow range fofroation temperature and high deformation reststaboth the
set rolling force and the stand stiffness indehefrolling mills are higher than those of commoliimg mills with

the same specification.

The main technical parameters are as follows:

The diameter of the rollers: 350mm

The rolling pressure: 250kN

The distance between the stands: 700mm

The rolling speed: 2.5m/s

TC4 type titanium alloy with the blank of 25mm dietar is chosen. Finished products are rolled witiaaneter of
15mm after 8 passes. The pass sequence is flaglgigircle-flat triangle [3].

The technical features of the production line idelu

(1) The production line is equipped with compactilfdes, with a short-period technical process asidall
land-covering space.

(2)The temperature drop of the rolling procesdighsand low-temperature rolling and good struetproperty can
be achieved.

(3)Rolling pieces are in three-dimensional strexs@roducts are in good quality.

(4)Flexible technology is applied to the productime and products of different specifications aasy to produce.
(5)The passes are of high sharing and of low prisglucost.

In the compact rolling production line, it is ddfilt to achieve a non-tension and non-loop rolliAgy change of
the stacking/drawing ratio caused by small punainatin the rolling parameters can lead to thelteshat rolling
pieces are attenuated or stuck in the rolling pgec&o guarantee the stability of the continuodiéngpprocess, a
full understanding of the thermo-mechanical couplieatures of the rolling pieces in the rolling gees is needed
so that a continuous rolling technology schedulg arcontrolling program can be reasonably worketdt@umake
sure of a non-tension and non-loop rolling process.

Fig. 1: Y-shaped three-roll mill production line

FINITE ELEMENT ANALYSIS

Few documents or reference materials refer to tmirmuous rolling technology and the force-energyameter
analysis of titanium alloy bars. In the compact toarous rolling process, the stability of the nodli process
becomes more sensitive to the change in the temhparameters; therefore, it is very important takma deep
analysis of the changing rules of the deformattemperature and force of titanium alloy materialgheir rolling

process for building a reliable controlling modéltiee rolling process and formulating controllingpgrams. The
paper analyzes the continuous rolling process eftitanium alloy bars on the continuous rolling esmental

platform with the help of ANSYS/LS-DYNA [1].

LS-DYNA is able to simulate all kinds of complexoptems faced in the real world and is especialiyabie for
solving nonlinear dynamical impact problems like tligh-velocity impact, explosion and metal formofgvarious
2D and 3D nonlinear structures. Meanwhile, the fenmis of heat transferring, liquid and fluid-solidupling can
also be solved with it.
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The pre-processing of FM

1 Messing

According to the parameters used in the rollingsron the site, the FM model should be built arel ¢bnditions
(like the size and rotating speed of the rollehg material of the rolling pieces, the type of théts, boundary
conditions and so on)be set.

In the process of building the FM model, the rglipieces are messed with unit SOLID164 while tHeemr® are
messed with unit SHELL163.The distance betweerstheds is set as 300mm and the rolling piecesefired as
450mm so as to make them stable in the rollinggssc

When the properties of the materials in the expeninare to be defined, the rollers are definedgid body and the
rolling pieces as elastic plastic body.

As for setting contact, the rolling pieces and tbéers are defined as automatically face-to-facatact, the
dynamic friction coefficient between the rollingepes and the rollers as 0.2 and the static frictioefficient as
0.3.The model of the rollers, the rolling pieced &meir FM are shown in Fig.2

Fig. 2: Theroller model of after meshing

2 The loading process
With titanium alloy materials having low thermalnthuctivity coefficient, poor thermal conductivityhné strong
sensitivity to the deformation resistance in a aiarttemperature range, the coupled thermo-mechakikh
simulation is better in line with the actual hottiauous rolling process. The loading methods &nperature
loading are as follows:

(1)The loading of the temperature of the rollers

For the loading of the temperature of the rolleveen heat is added to the rollers, the initial h&wduld not be
directly added to the roller but to the nodes efithilers.

(2)The loading of the temperature of the rollingqas

The initial heat should be added to the rollingcpin the way mentioned in (1).

(3)The loading of the ambient temperature

The ambient temperature and the convective haafeacoefficient should be set respectively.

(4) Power thermal conversion

Due to the deformation of the rolling pieces, @éarmajority of the energy is transformed into heased on the
law of conservation of energy; therefore, the potliermal conversion coefficient should be set.

(5) Heat exchange

The rolling pieces can not only generate heat otsrevith the air, but also exchange heat with tlkers as a result
of their low temperature. Therefore, the heat ergeacoefficient must be set.

The post-processing of the FM

According to the analysis of the thermo-mechantaupling of the rolling process, The simulation gess is
compared with the actual using process from suphkdais as the filling condition of the rolling pisce the pass of
each stand, temperature distribution, pile-pullifgiting and the deformation condition of the madjipieces after
being rolled.

1 the comparative analysis of the simulation resinlthe biting phase

With regard to the first two passes in the analgdishe FM thermo-mechanical coupling during theiquk of
eight-stand continuous rolling, the titanium all@fling pieces firstly bite into the inverted Y-gied triangle pass
namely the first pass and then into the Y-shapedd@ass to be rolled.Fig.3 and Fig.4 are respdgtihe stress
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diagram of the rolling pieces bitten into the fiteangle pass and the strain diagram of that.Famé Fig.6 are
respectively the stress diagram of the rolling gebitten into the second round pass and the stiagmam of that.
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Fig. 3: Sressdiagram of rolling bitten into thefirst pass stress
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Fig. 4: Srain diagram of that
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Fig. 5: Stressdiagram of rolling bitten into the second pass stress

1935



Yang Qin and Qin Jianping J. Chem. Pharm. Res,, 2014, 6(6):1932-1939
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Fig. 6: Srain diagram of that

Seen from the biting process mentioned above, igtgliitions of the stress and the strain of tHeng pieces have
the features of relatively large surfaces and iredft uniform distributions. The two features amdated to the
rolling features of the Y-shaped three-roll millBhe rolling pieces are compressed from six diregtiin the
following alternating rolling. The deformation atite cooling in the surrounding area are both nedti uniform
and are very beneficial to guarantee the finishedypcts with good quality.

2 The final effect of the rolling pieces after dombus rolling
The pieces are alternately rolled by the trianggends and the round stands.Fig.7 is the aftemgliffect by the
analysis of the FM thermo-mechanical coupling aigd8Hs the actual rolling effect shot on the site.
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Fig. 7: Finite element simulation results
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Fig. 8: Site effect

After comparing the analysis result of the FM ahd tleformation condition of the titanium alloy bafter being
rolled by the rolling mills in the experiment, wand that the deformation of the titanium alloy bavih FM
simulation is much consistent with that on the,sithich proves the reliability of optimizing the gsaparameters
and analyzing the force and the deformation ofrtitieng pieces with the help of FM [5].

THE ANALYSISOF THE STACKING/DRAWING RATIO IN THE CONTINUOUS ROLLING
For the compact hot continuous rolling of bar matsr strict control over the stacking/drawing odbietween stands
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is a necessary condition for stable rolling. Basedhe pass design, the stacking/drawing rati@lisutated with the
following formula:

j— Snvn
Sn - Vn -1

) -1

In the formula,

S

n and ~"1 are respectively the area of the rolling pieca passes and that in n-1 passe@m2 ;
Vi and Vi are respectively the outlet velocity of the rajlipiece in n passes and that in n-1 passes,
D, n

6C

\Y

n
, mm/s;

W is the working diameter of n passes, mm;

n is the revolution per minute of the rollergmin.

The stacking/drawing ratios in the eight-stand watus rolling production process of titanium allbgrs are
shown in Table.1

Stand No. | 1#~2# | 2#~3# | 3t#—4# | M#5# | S#-6# | 6#~7# | T#-8#
stacking/ | 5515 | 0015| 0015| 001 0016 0023 0023
drawing ratio

Tab. 1: Table of stacking/drawing ratio
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Fig. 9: Curvesof each passralling force
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The calculating result of the above stacking/drawiatios can be verified with the rolling force ukkscalculated by
the FM and the specific analysis is as follows:

The curves of each pass rolling force of the rglieces are shown in the following Fig.9

According to (a), we can find that the rolling ferof the first pass increases slightly when thénglpiece bites
into the stand of the second pass. Therefore, theseel stacking between the first pass ande¢bersl one. From
(b) we can find that the rolling force of the sedqrass decreases slightly and then increases disaeeen the
rolling piece begins to bite into the stand of thied pass. Therefore, there is steel drawing betwtbe second pass
and the third one. Based on (c) we can find thatriling force of the third pass decreases shghtid then
increases gradually when the rolling piece beginbite into the stand of the fourth pass. Thereftrere is steel
drawing between the third pass and the fourth &nem (d) we can find that the rolling force of tfearth pass
decreases suddenly and then increases gradually tivbeolling piece begins to bite into the stahthe fifth pass.
Therefore, there is steel drawing between the fopetss and the fifth one. Based on (e) we cantfiatithe rolling
force of the fifth pass decreases suddenly wherrdhimg piece begins to bite into the stand of gieth pass.
Therefore, there is steel drawing between the fifilss and the sixth one. According to (f), we dad that the
rolling force of the sixth pass decreases suddetlgn the rolling piece bites into the stand of seeenth pass.
Therefore, there is steel drawing between the ztfs and the seventh one. From (g), we can fiudthie rolling
force of the seventh pass decreases suddenly Wwhanlting piece bites into the stand of the eigtalss. Therefore,
there is steel drawing between the seventh pastharelghth one. The stacking/drawing conditionsctaded from
this is basically consistent with what is describedable.1

FULLNESS CIRCUM STANCES OF ROLLING PIECESIN PASS
The fullness circumstances of rolling pieces inspzen show the stacking/drawing ratios in the cwatiis rolling as

well. The fullness circumstances of rolling piegepass from the first to the eighth pass are shiovthe following
Fig.10. [6]
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Fig. 10: Fullness circumstances of rolling in pass

We can find from the above that the titanium altolling pieces in each pass are in good conditigmich can
guarantee the precision requirement of the geonsitey of final products. In the meanwhile, it cdspashow that
the stacking/drawing rations between the standagsermissible condition and the rolling processtable.
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Fig. 11: Rolling temper ature curve of finite element analysis

ANALYSISOF TEM PERATURE DROP

Due to the fact that the whole rolling process ningstontrolled and conducted within a certain slétdemperature
range when titanium alloys or other similar metaltenials are rolled, we must fully consider sucttdes as the
initial temperature of rolling pieces, the ambig¢amperature, the power thermal conversion, the brebhange
produced with the air heat currents when we maketiermo-mechanical coupling analysis with the taflfarge
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FM software like ANSYS, so as to predict the terapare change of the rolling pieces and this is vaeaningful
to the control over the whole rolling process. Tollowing Fig.11 is the rolling temperature curvieFdM analysis.

From the temperature curve, it can be seen thaethperature drop is not very obvious. Therefore,can predict
that the temperature drop has little influence dretiver the rolling process can be smoothly condudased on
this, we know that the production line is suitalfte producing titanium alloy bars and other difficto-
deformation metal materials with a narrow tempemtange.

CONCLUSION

(1) The paper analyzes the continuous rolling de&tion process of TC4 titanium alloy bars with tétnelement
thermo-mechanical coupling based on the experirhehidy platform of compact eight-stand Y-shapeagéeh-roll
hot continuous rolling mills.

(2)Compared with the actual rolling process, thimeation of the titanium alloy bars with FM simtin is quite
consistent with that on the site, which proves ri@bility of optimizing the pass parameters amalgzing the
force and the deformation of the rolling pieceswiiie help of FM.

(3)Based on the analysis of the calculating resflthe rolling force, it can be concluded that $itecking/drawing
ratios calculated with the formula are reasonabhlhis pass sequence.

(4) According to the analysis of the simulationules it can be concluded that the titanium alloifing pieces in
each pass are in good condition, which can guagatite precision requirement of the geometry sizdiral

products. In the meanwhile, it can also show thatdtacking/drawing ratios between the standsrapeimissible
condition and the rolling process is stable.

(5) According to the analysis of the simulationules it can be concluded that the temperature d@rdpe rolling
process is not very obvious, which can make suneltihg within the rolling temperature and can shthat the
compact heat continuous rolling production lineustable for producing titanium alloy bars and otd#ficult-to-

deformation metal materials with a narrow tempemtange.
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