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Analysis of Aluminium Ring Rolling Process Using
Thermo-Rigid-Plastic Finite Element Method

Sangwan Koo, Jongchan Lee, Su-Jin Yun and Naksoo Kim
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Abstract

The ring rolling process involves not only three-dimensional non-steady material flow and continuous
change of radius and thickness of the ring workpiece but also heat transfer among workpiece, rolls and
environment. In this study, deformation and heat transfer analyses were conducted by using the
three-dimensional thermo-rigid-plastic finite element method. Three cases of plain ring rolling process
were, respectively, simulated for the predictions of roll forces and the highest temperature zone during
the aluminum process that ductile fracture often occurs. In addition, to prevent fishtail phenomena of

the ring workpiece, axial rolls were used for this study.

.M B

P ot 2AL I YA 27 FEEFH @
HE Alojo] HHslo, TFEo] FHHslm ¢
Eo] WYl wal Ho] P AEL IL
F e Ay FHod 3 49 R FHL
Ak £x7 weay, Zes g1, ¥4 As
EFS AEL 9L F doH, Mao gy} F
e Aot ¢FvlEd 2L A ©rist v
A 2D AE 9 gd L B AN EL
gE AZsE A3E AE + ook s A
A A @FoAE B okl FR) I FES
ola 7} HAFo] A Yo} MZE T AL
of B oS Ax Utk oY EAE

* MZdEa g Al
** Shape Co., Ltd.
e Sael AFA
T A, 9, M7AdEm 7 AT e}
E-mail : nskim@ccs.sogang.ac.kr
TEL : (02)705-8635 FAX : (02)712-0799

23t7] A8l HFEE ol&d T AEENA
Z2afol B3t 53 FFLAYE olf
g 3 ol AP WP <le ®ol
AEHD Yo

g dd B A ML HIFHA AP
Mg doR stuE, dybos gl AL AL
o] 28€th WX o HH WYPE =2
AsAYY Bg 44D AL TR
2 73 #4s AAsdw. a8y ol s}
15-Eo 23 Wgo] udE £ fle @F

29 AR FHe dsiAE 7]
#l(mesh)E B2 FAs=
A2 HE WS AIREEY. olAL FAA
e EoWUAME, &4 334 dMo] %A
3tk olet & WAL Lim 5% H&EHYo
o), Davey®t Ward®E ojgld vl A 2®d)
ALE(Arbitrary Lagrangian Eulerian) ¢ u]o]|E ¥4
& 2T 4 JIHE Adsia

3 gd FAH e dH2 HHL Song F©
o o3 ANZ=HYAR, 2449 Ao oA
FAHAG. B d7oAE FE g4d FA4 o

>,
H
z



816

& 339 EAdg AHe AAseT #ANdE
KimMo] 7ig T2 %< RINGS 48353, 3
a9 Y9gd 74 fA T2 SHAPE-RRE
AHEEE R, AAE Al 70758 AHEEHAT Al
7075 BF Fo JEAsE A A7}
dojt= 71AIH Aol it

2.0l B

21 244 0|2

s wgem sbgstm, WRES, EAY, 2
g wyel o@ slakery WsE PAIG
£E47 gURe oeR ge 2UL WS
o, -

() B3 A 2 (equilibrium equation)
0,;;,=0 in V )]
(i) 3 A Z7(boundary condition)
v, =V, on S, S 45 =S .
0,-,—" =ti' on S,.- U +9p T O ( )
(i) A A 2l (compatibility equation)
.1
é, =§(vu +v,,) 3)
(iv) %5 93 (flow rule)
38
455
L))

™)

£ = |26 5= 200!
o, = iy ‘;10‘ 20,-,-0,»,«

W) HEEA

win

Z 7 (incompressibility condition)

éu=0 5)
22 GXE o2

Az B o] ol FolAE A, A A<}

2 Aloje] dAY, A £9]7](environment) Ak

olo] AAYL Wrtatoiol gt dRF HHL

e 2o 49y WA ZAR

(kT),-pCT+r=0 in V ©)

of7lel A ke 7 wdezel FAE&(Thermal
T €%, Pt BE, C: Mg
capacity), PCE Q8F(Heat
capacity), TE <X &(Temperature rate), r< B4
4J8-(Heat generation)©]T}.
AA zAdE A F ol &= BAzAH}
o & E(heat flux) B4 &3] Aot
T=T
q,=4,
g gd TAAME 9% AAzRDS UeH
Zol A 752 FEHT
() W71Zos d%%F
q, =h(,, -T) ®
Gi) e EA9 &8 A& W /T

conductivity),

(Specific  heat

on S,
)

on S }ST+Sn =STalal

q, =hy (T, -T) )
(i) BA) @ A5
q,=0eT, -T') (10)
gMgoMe O Stefan-Boltzmann 45o]9,

&= Emittance©] ¢},

3. X zdg

3.1 B2 o ZFe mdd .

Fig. 191 3% d #4 digd AF=E U=
W B2y g FRAME 9 3ol BH
stod, ol oFNL WFAIA &3, ABE &
FA7) e AEL WA HHE TFE, &
27 37 9F o] mEHUT FEL &
Aol ARes WyAA, I8 L(fishtail) B3l
Ueh}z g2 37 deMoltt. 7EES &
Ao EIS AGHA 4F WFOE oFAIIE
Wi otg ey 4L FIATT aa ¢
2o wAWGoz AYste, AAe ©Ho|
gae we MFEEE sk el AHS
I 2 Aulo] 49} ZEEE Table 13 Fig 2
of UehNEl wiRdE AMHo=R 0509,
=R = 1 mm/isecE 7RSI
#HA &x9 AL s o FAZ Haf 7]
atata AL o] &3te] Art R d(half mode)s
A3

e

o

0% &



-9 A4 FERAWE o4T ARVE IYA T A4 817

Table 2 Coefficient of flow stress at each temperature

Main roll Temp. |673K(400°C) | 723K(450°C) | 773K(500°C) | 823K(550C)
C m C m C m C m
CoefT,
Pressure roll 6891 009 | 414 [0.135{ 269 | 0.15 20 10147
Table 3 Temperature properties of Al 7075
Axial roll i 4
/ Density 2810 [kg/m’]

. Thermal conductivity 0.155 [W/mm-K}
< >

Fig. 1 Schematic diagram of ring rolling process

Heat capacity

(Mass density*Specific heat) 2481 [N/mmK|

Constant heat transfer coeft. 0.00498 [KW/mm®K]

Table 1 Dimension of each roll fo_environment
Constant heat transfer coeft. B
Roll Name Radius Angular Vel. to Roller 32.88 [kW/mm’-K]
Main Roll 458.5 mm 28 rpm
Pressure Roll 85/115 mm Idle
Axial Roll - Idle 25 d4e A EF LY F9el welg
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(a) The initial shape of Case I

(b) The final shape of Case ]

(c) The initial shape of Case II

(d) The final shape of Case Il

Fig. 3 Process of aluminium ring rolling
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Fig. 6 Temperature distribution
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Fig. 7 Temperature profile along the symmetric plane
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Table 4 The highest temperature of a section
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