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ABSTRACT

KEYWORDS

Inthispaper, a3D e astic-plastic and coupled thermo-mechanical FE model
of radial ring rolling is developed to simulate the rolling process with
different feed rates of idle roll V based on the dynamic explicit code
ABAQUS/Explicit. Theeffect laws of on the uniformity of strain and
temperature distribution, fishtail coefficient, roll force, contact area and
roll moment are disclosed respectively. One optimum is obtained, under
which the deformation isthe most uniform, another optimum is obtained,
under which the temperature distribution is the most homogeneous.
Moreover, an optimum is obtained, under which the quality of end-plane
of rolled ring is the best. The result obtained can provide a valuable
guidelineto quality control and optimum of hot ring rolling of magnesium

Hot ring rolling;
AZ31 magnesium alloy;
Thefeed rate of idleroll;
FEM.

aloys.

INTRODUCTION

Ringrallingiswiddy usedintheproduction of rail-
way tires, anti-friction bearing races, flangesof various
geometry andringsof different materia sand dimensions
usedinthechemical, aerospace, automotiveand nuclear
industries¥. Magnesumaloyshavebeen usedwiddy as
thelr light structures. However, magnesum aloy’sform-
ability isbad owingtoitshexagond packer crystd struc-
ture. Inrecent years, differentia speedrolling hasbeen
proposed and the research resultsshow that differentia
speed ralling canimprovemagnesiumdloy’sductility™
3. Asringrallingisonetypeof differentid speedrolling
forming process, gpplyingring rolling to fabricate mag-
nesiumaloy ringshasitsown specid advantages.

Duringhot ringrolling of AZ31 magnesumaloy, the
playsasignificant roleinring quality control, because
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different will generatedifferent deformation. Conse-
quently, it hascons derableinfluenceontheuniformity of
strain and temperaturedistribution (STD), whichisin
closerelationto microstructure of ring and ring’sme-
chanicd property. Moreover, thedefectswill occur with
unreasonablefeed rate. Thereforeitisnecessary tore-
searchtheeffect of feed rateof idleroll inhot ringrolling.

Up to now, there have been |ots of studies on hot
ring rolling. Song et d .1 devel oped acoupl ed thermo-
mechanical modd of the deformation processes occur-
ring during thehot rolling of IN718 rings. Wang et al
solved thekey technology and realized virtua hot ring
rolling of 20MnVB. Wang et al.® proposed anew FE
modeling method of hot ring rolling of telluriumlead by
saving key technologies. L ots of wokshave been done
onhoat ringralling concarning ontitaniumaloys®™. Some
studieshavebeentaken onhot ring rollingusingthema-
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terid of AlSI 4140 sted(*>14, Zhou et all* took astudy
onforming defectsintherolling processof largea umi-
num alloy ring viaadaptive controlled smulation. SUN
et a9 analyzed the effects of onthedeformation filed
temperaturefiled and their nonuniformity inhot ringroll-
ing of AISI 5140 steel using the rigid-plastic FEM.
Wang® et d studied theinfluenceof ontheuniformity of
STD withdifferent ringblank. Sunet d ™ revealed the
effectsof onmicrodructurd evolutionduringhot ringroll-
ingof AlSI 5140 stedl. However, thefishtail coefficient,
roll force, contact areaand roll moment were not con-
cerned in81617 |n terms of previous works, there are
few onescover thehot ring rolling of magnesumadloys
viaagpeciad and comprehensivestudy. In present paper,
a3D dadtic-plastic and coupled thermo-mechanica FE
mode of ringrallingof AZ31 magnesumadloyisdeve-
oped and the effect laws of on hot ringrolling arere-
vealed by agpecia and comprehensivestudy.

FEMODELING

Adopting the FE model method as Wang et al®
and the FE model hasthe samefeatures asexcept tak-
ing thewholeringinto account instead of just the upper
half of thering. Themodd of hot ring rolling developed
isshownin Figurel. Thering materid iSAZ31 magne-
siumalloy, itsdensity is 1780, Poisson’sratio is0.35,
and thermd expansion coefficient is2.6E-5. Thether-
ma caducity, specific heat, Young’smodulusand their
temperature dependence arefrom(*8. Figure 2 shows
thetruestress-strain curvesat strain rate 5/sunder vari-
oustemperaturesgiven by*®, Thesimulation conditions
aresummarizedindetall InTABLE 1.

RESULTSAND DISCUSSION
Evaluation indexes

Evaluation indexesof uniformity of STD

The standard deviation of equivaent plasticstrain
(SDP) and temperature (SDT) of therolled ring are
employed to evaluatethe STD. SDPand SDT arede-
fined respectively ag*3:

Diriver roll
Guide roll

Guide roll

Ring blank 14jq ron

Figurel: Coupled thermo-mechanical 3D FE
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Figure2: Thetruestress-strain curvesmodel for hot ring
of AZ31 magnesium alloy

TABLE 1: Simulation conditions

Process parameters Value Process parameters Value
Radius of driver roll (mm) 104.8 Feedrateof idleroll (mm/s) 051,15,23,4
Radius of idleroll (mm) 349  Temperature of ring blank ('C) 400
Radius of guiderolls (mm) 349  Temperature of driver rolls ('C) 100
Outer radius of ring blank (mm) 61.915 Temperature of idleroll (C) 100
Inner radius of ring blank (mm) 39.685 Temperature of environment ('C) 20
Axial height of ring blank (mm) 20 Friction coefficient 0.3
Thickness reduction (mm) 6.23  Contact heat conductivity (W.m=°C™*) 6000
Angular velocity of driver roll (rad/s) 3 Convection coefficient (W.m=2°C™?) 40
Emissivity 0.7
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SDP = ‘\JIE (PEEQ, - PEEQ,)’ | N (1)
il
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SDT =[5 (NI~ NTLLY /N @

where PEEQ istheequivaent plastic strain, PEEQis
the PEEQ of thenodei, PEEQ,=> """ PEEQ, / N
istheaverage PEEQ of theall nodes, Nisthe sum of
thenodes, NT11 isthe nodetemperature, NT11 isthe

NT11 of thenodei, NT11,=> Z'NT11, /N isthe
averageNT11 of thedl nodes. ThelargerSDPand SDT
are, themorenonuniform STD is, themorenonuniform
of the microstructure of therolled ring, and theworse
mechanica propertyis.
Evaluation indexesoffishtail coefficient

Theaxia spread of therolledringisshown as Fig-

ure3, Thefishtail coefficientisdefined as? - ===

B
where B, istheinitial axial height of ring, B__ isthe
maximum of axial height of rolledring, B . andisthe
minimum of axia height of rolledring. Thelessfishtail
coefficient is, the better quality of theend-planeof the
rolled ringis, and the morehomogeneous deformation
inaxial direction of therolledringis.

Effect of on strain distribution

Foure4illudratestheeffect law of theon SDP. From
Figure4, it can bediscovered that the SDPfirstly de-
creasesgradually, then increaseswith theincrease of .
That isto say, thedeformation of therolled ringfirstly
becomes more homogeneousthen lesshomogeneous
asthevincreases. So an optimum isobtained, under
which the deformation isthe most homogeneous.

Figure 5 showsthe equiva ent strain distribution of

Brmax
Bmll"l

L ]

L

Figure 3 : The axial spread of therolled ring
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rolledring. From Figure5, it canbeseenthat thevaria-
tionsof equivalent strainininner surface and central
region of therolledringissmal, but theequivdent strain
in outer surface of therolled ring decreases with the
increase of v. So the deformation of therolledringis
more and more uniform. Thiscan beexplained by the
following aspects: firstly, whenthe increasesv, thera-
dia feed amount per revolutionincreases, itiseasier
for the plastic deformation zoneto penetrate thering
from the surfaceto middleregion; secondly, thelarger

0.32

SDP

0.12 4

0.08

1IU 15 20 25 30 35 40 45
Feed rate of idle roll {mm/s)

Figure4: Effect of feed rateof roll on SDP
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v, theshorter rolling time, leading tolessstrain accumu-
lation; thirdly, thelarger v, thelarger deformation and
themoreheat generation, meanwhile, the shorter roll-
ing time and thelees heat | oss, resulting inthe higher
temperature of thering, soitiseasier for material to
flow. The synthetic effects of the above factors cause
the deformation moreuniform.

When the v reaches the defined val ue, the defor-
mation of therolled ring beginsto become nonuniform.
That isbecausetheangular velocity of driver roll islow,
thelinear speed of theringislow too; whenthevin-
creases, theradia feed amount per revolutionincreases
i.e. thecompressionislarger, resultingin the deforma
tion of the partial region of thering far larger than the
others, thedifference of the deformation per revolution
leadsto thedeformation of therolled ring nonuniform.

Effect of on temperaturedistribution

Figure6illustratestheeffect law of thevon SDT.
From Figure®, it can beobtained that the SDT firstly
decreasesgradudlly, then increaseswith theincrease of
v. That isto say, thetemperaturedistribution of therolled
ring firstly becomes more homogeneousthen | ess ho-
mogeneousasthevincreases. Thereforean optimumyv
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isobtained, under whichthetemperaturedistributionis
themost homogeneous.
Fgure7 showsthetemperaturedigtributionof rolled
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Figure5: Equivalent strain distribution of rolled ring

ring. From Figure7, it can befound that the tempera-
tures of the surfaceregion and centra region argument
with theincrease of vamultaneoudly, thetemperature
distribution of therolled ring becomesmore uniform.
That isbecausethat: thelarger v, thelarger deforma-
tion and the more heat generation, meanwhile, the

shorter rolling timeand thelees heat | oss, resultingin
the higher temperature of theringoccurring thusthetem-
perature distribution of therolled ring becomesmore

4.0
3.5+
3.0+
E 2594
w » - ° .
2.0+
-
1.5+
1.0
0 1 2 3 4
Feed rate of idle roll (mmys)
Figure6: Effect of V on SDT
uniform.

When the v reaches the defined value, the tem-
peraturedistribution of therolled ring beginsto become
nonuniform. That isbecausetheangular velocity of driver
roll islow, thelinear speed of theringislow too; when
thevincreases, theradial feed amount per revolution
increases, thecompressionislarger, resultinginthede-
formation of thepartid region of thering different, con-
sequently, the difference of thetemperature occurring
inthecircumferenceof theringleadsto thetemperature
distribution of therolled ring nonuniform.

Effect of on fishtail coefficient

Fgure8illugratesthe variation offishtail coefficient
withthev changing, From Figure8§, it can be seen that
thefishtail coefficient firstly decreasesthen increases
with theincrease of v. It indicatesthat the quality of
end-plane become better then worsewith theincrease
of v. Inthat case, an optimum visobtained, under which
thequality of end-planeof rolled ring isthe best. That
can be explained according to the section 4.2.

Effect of onforceand power parameters

Figure9and Figure 11 showsthevariation curves
of forceand power parameters (including theroll force
and roll moment) with thev changing.

From Figure 9, it can be observed that the roll
forceargumentswith theincrease of v but the ampli-
tude of theincrement decreases. That can beattributed
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dial feed amount per revolutionincreasesthusthemore
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Figure7: Temperaturedistribution of rolled ring

metd particulaeintheplastic deformationresultingina
more power needed to produce plastic deformation;
ontheother hand, the heat generated by plastic defor-
mation causestheincrease of thetemperature of the
ring, withtheresult that the deformation resi stance of
the materia decreases. The abovetwofactorslead to

that influencelaw.

From Figure 11, it can be got that the roll

momentargumentswith theincrease of vthoughtheam-
plitude of theincrement decreases. Thereasonfor this
isthat: when thevincreases, theroll forceincreases
while the amplitude of the increment decreases,
furthermore,the contact areabetween thering and the
driver roll becomelarger, asshownin Figure10. The
abovetwo aspectslead to that influencelaw.

CONCLUSON
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Figure9: Effect of Vonroll force

A 3D dastic-plastic and coupled thermo-mechani-
cal FE model has been devel oped to discussthe effect
of onhot ringrolling of AZ31 magnesium alloy. The
resultsareshown asfollows:

(1) Asvincreases, thedeformation of therolledring
firstly becomes more homogeneousthen lessho-
mogeneous. So an v optimum isobtai ned, under
which the deformati onisthe most homogeneous.

(2) Asvincreases, thetemperature distribution of the
rolled ring firstly becomes more homogeneousthen
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Figure11: Effect of V onroll moment

lesshomogeneous. Thereforean optimumvisob-
tained, under which thetemperaturedistributionis
themost uniform.

(3) Thequdityof end-planeof therolled ringfirstly be-
comes better then worsewith theincreaseof v. In
that case, an optimum visobtained, under which
thequality of end-planeof rolled ringisthe best.

(4) Therall forceand roll moment argument with the
increase of v but the amplitude of the increment
decreases.

(5) Thecontact areabetween thering and thedriver
roll increasesasvincreases.
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