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An Axisymmetric Finite Element Analysis of Hot Tube Extrusion
for the design of Ceramic Dies
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ABSTRACT
The use of ceramics for extrusion dies is limited since the modification of die design is difficult. In order
to successfully apply the ceramic dies to extrusion dies, a better understanding of the process should be
preceded. This study focuses on understanding the characteristics of the process. In the present study, a
hot extrusion of tube with a mandrel is analyzed by ALE finite element method. In order to obtain the
stress state of ceraminc dies, the elastic analysis of dies is alsto carried out.

Key Words: Extrusion of tube(F2%%), ALE finite element method(ALE #%84%), Ceramic die(4}2}

9 3%)

1. ME

23849 ¢2dt D= (manderDE o]&F
+&3} porthole, spider, bridge2 85 < ol & &
o] Atk olFolA NELE ol &Y FITIAY
2 71 9ARg AEd P F9 3htelr. of
W2 HZo) EolA 8o FAEL JAAT FE
FAE A 7P AL Y R geA
Act.

Z238A9 ¢EFe Ui A= HYE A
AFAE] oA A7rt olHFT B AFAME=
HIFEL o8 UEBY] 47 4E TS FF
aaoeg Nz ot HFHE ALRA &
A FAF S3Estd R AT AEHs A
Zg ALEMES =913t Asgn. B33 o
£3 47 FEYSY Ut A a4 ol g
Fo vjm A g2 A7 olFXA gt 43 A
oM uRZE e dHo] a7HAY AF7t
219 ATE YRR 33U o] Ry o
A sk

At 28e 2497
A

1N
1=
<

=
=

Z 3R auzxo=z A

d8 59 249 /%, Fdd =

{3l ¢gE, 2R E XSS dojop Fut, B g9
AL ZUgA AddE HAxy AEE FrYE:
2R HE37] 94 AP 4o F HEH TA
9] AL Fotsied Atk GEAY B2 ITA
o Agg 4A37] s SuA S A3
o f3eLHe B39 FEEAS AHBEGT
2EE AR, ZAESd 9% nRER LEHAE

-882-

2310 LR R Y AHT dolugith £33 FHd
A LAY Fodlez FFe HHMS
3. 2389 SEHAYE U] Y3l @4
fPaLrT2 L 53 FIH9 8 HHE 53
g B dFdMe AatdI3dE o83y oy
AEAFL FP3tY By JuAdPr HAs
E Aay2d e Heddede 47 st A
AFRE o83t Bt

2. O E dfiy

ALE B2 #4e AAs 20 olFE =
gHez A¥ & Yoz AgAt A4E 99
A2 oIEAA HHT & Utk X AFelAE ALE
A2 9% A-A2H FELL FA%E 4S8
.

21 HYHMS S8 RE24 S8
ARRAE fESEdel A BRI
g ®Adm A4t F-WAYAE ARET
=

dutEe £¥F WAL 2W oy gk

(Z'ij),j"l'bi:{l\}i ¢))

olu} b= A FH(body force)elT o= Hxolth
AR g A nED JEHF gig Az
o2zt AYE £5Fe AL oS3 gt



‘}i=V;+Cj(Vi),j (2)

@5 Al td3td ofst o)

PV: + OC;Vij = Tij,j + bi (3)

#Al 2 (Cauchy stress)>
(deviatoric stress)e.2 YElYH

!

(]
Ta

7 = Z'i'j + omﬁi,- , wher€ O'm=% Jj (3)

3 ol 2 & A A=A ZF-F2Aol
SU4T WgE4e AAYE AREm o
A% gxag

2

=

o Rl

2

oy = 3

mrlql

& @)

svie  ZAAI=ZA4
Adde] HEFolztn

At SxFd o
a4 (De 4Q), 3),
4E THs HE dEd o3 YA g
B3 gol & £ An®

I= [wav+K’ [ é6édv

+ fp(v,-— W;)ul-',-é‘v,dV (5)
— [Tevas=0
q7ldA K HEde uEsh]l A%

=

£} 44=(penalty constant)o]t}, 4 (5)9] Za-e
ol 23 o] sk Jo g FPE 4+ U

m= mi;l[ ™ + ™
+ ™ - 7] =0

(6)

4 B £XZo WiF u]dEF  HA Ao
sleg 4 (B5)E Taylor AATE F 1x¢4L
FAlElY o33t go]l A¥3E Al F rads 2
2} $@EAL 2zt Newton-Raphson wWHE b
k18 o83l £:A4E FIoh

{m) {m) (m) {m)
2y e ey ey JendVe

NG RN LY RS T
)

-883-

A7 -l e
@A Wy Aue eAs

A wE A
Symi g,

22 28y

E ATNNE Ben 2o ARe 5 exE
7ok,
(1) 28 £2902 244 A4AxE T4

1=
(2) 7V3AAE ©]83t] Lagrangian Q¢A40
2 dR/Fs e
Q) 7M3ARNA LEFS T
@) BZe H& o83l Azl Lxt I
= AR &

TSy =Th-n+4°T where,

25T= 4™+ a1, 9L
Xk

@®

olwl 1¥A gt me 4zt Aatel E@A ol
& YL ok

23 MEMEg s XX ¥

ALEW ] 9§ dAH M AAL Fig. 1
ol Yelich ALES4 9 diFgoez isle 83
2Jo] "l FolE 2 F wiEg|2(full matrix)ol g
skyline solverE AHg-3lo] sid4-g& Zch

of Grid Movement

Ry

Solve Equilibrium
Equation

Temperature Analysis

[Updalc Variables to the Gn'd]

........... T

Fig. 1 Flow chart for solving procedure
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Fig. 5 Distribution of effective strain rate

Fig. 6 Distribution of temperature
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Fig. 7 Ceramic tip
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Fig. 8 Distribution of axial stress
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