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Die Design for the Hot Extrusion with TiB, Insert

Hyuk-Hong Kwon', Jung-Ro Lee”

ABSTRACT

The use of ceramic inserts in hot extrusion dies offers significant technical and economic advantages over
other forms of manufacture. In this paper, process simulation and stress analysis are thus combined during the
design, and a data exchange program has been developed that enables optimal design of the dies taking into
account the elastic deflections generated in shrink fitting the die inserts and that caused by the stresses generated
in the process. The shrink fit analysis has been performed that enables optimal design of the dies taking into
account the elastic deflections which generated in shrink fitting the die inserts and that caused by the stresses
generated in the process and by using DEFORM software for process analysis. This data can be processed as load
input data for a finite element die-stress analysis. Process simulation and stress analysis are thus combined during
the die design. The stress analysis of the dies is used to determine the stress conditions on the ceramic insert by
considering contact and interference effects under both mechanical and thermal loads. The results are compared
with the experimental ones for verification.

Key Words : Hot Extrusion Die(83F4E 5 %), Ceramic Die Insert(M 2} & QA E), Process Simulation(3-3
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1. A& ol =8atm QY AA] AGA ol o]E
% Abge dig g2 tgdS Az QAR
HEHE FARAAE FHE FAES Ao A Ztol Welsta 7FA o] W& o]l f 2 GEFA A

T 8% A& AT FZAHA 7sol AEY = Wool(flat die)E FE AMESIIL glom, olE
4 BFS . ms FAHMS Ao 9} & d5stes A3l Hoolg 53 4L &
A HAH 28 AA 7led AL e ¢EA e 2AFELR At gEAe A E tho
S A e A 2ot HE gEFl 9] &4 e He FAE WAL wEkA
AP = A #dste 78 F3 2558 ¢ HAH o] HARTE T3 AL dEA FAto
7] Yt F4E ‘:}Ol(streamlmed die)e] A} 7 EdA L, X AL 3 Q771 Z7}1E

= 2001 129 10¢ H4$
* Az 7 AL AT}
*x xiciste gt s A AT

118



4

05 %

ol

colHZ .

-
g

LETL

F&3]#] A1978 A9s

wet 08 oHYARZ, A AgEGolA Y
A 3 FPHEAE AP Bl oFEdn
@I A o NI E Higsin
& AZstn UAEr] HsMe
P B JEE AFste
ol adHolth g1 F

H9] wlY(wear)Z <13}
E4E TFA 2
A8 oo, V&Y Y
ol % =8-S At

2 o ol
E N
A
i
£
in
= 32, &

o Ho

ot fu o

ox MU C

4 A2k 9l
%] Atk Ay FEL
w8 AFEe} oY 74A 71AH A A
SO, webd At 23S &
gRHoz HEsr] A d
5, B30 FEse dF, 2xEE
gt} A F7hA Mgk BEo] Alg-ol
A Agd AAFY st Agye] wAxA
o2 Wire-EDM# e 7|AES & 5+ g7
Y ECTol ). B AFrE AnA Aage 43t
HE Fd A&7 A TR 2 AxEA

F7t2 AE

A~

>
>

S
[}
[s]

]

oft ox B

L

7
%) ==
&

=
=
Lo

=

0|

fo P ok 2 N 10 o 3% ool 3 rok P g% T e
2o do R '

u2
o
-
[¢]
T

Azee AHEYe W) BTASHS sera 1
93, =Ed HAHEE olgstel FFAA - A

s AAH € GEHolzR9

2. 2HE MY 3 gEHTEAN
2.1 &E3H &N
2 drdA e Mg JIMEE tho] Aoz
NakEe AefollA #arsts A9 GEHNAS
2oz F3sin, o A Ay doly &
Haj Mo ARggTh FitE ol ALEEHE
Aty Arze AEA A2kl TiB(titanium

diboride)d] EFE -2 HP(hot pressing) &P
483 AL AFESEA

A7t AEdAM e ARG EY o] atH
oAA =z vAHGGE] #4& DEFORM-2Do A
F8ste o5 AAdHolHE o] &35ttt Fn=E
DEFORM< 19700 d T % w3 w-<] x| Yo}l Battelle
AT A&oA ALPIDYEM= olEo2 Hx s)wsEo
FEM(Finite Element Method)E& ©]-§3l 447+

RS HNY F e A8 ZR2aHoz A, HA

=1
=
=

119

AAReZ 71 &
AR AT EYo]e]r)

o83, 53 dEe ZEZE A A
282 Z93nz 239 84L& ANSYSo|| A
Fig. 13} 2 Wi 0oz Fesqi},

Uil HAEF( 0120x500mm )] X7 e=E
700°C, tho] ¥ Aoy 2r]2xE 200C, B
% Smm/sec, TFo] & AHEolyE ZAE s on
(Fig. 2), Fig. 33} Zo] LA 753l =2S a4
2 FASRoH, 2AE FET FES ofF 21
A 24E FASYT. tolg Ay dMqER
B4 4 Mo AlEEH AFES Table 13 7

AR D e A4S

B

2.
g

2.
°

ool o

Process simulation
Data extraction

Data exchange
program

- Material properties
- Geometry
- Contact stresses or

Write universal data file

L

h<hZd

forces
- Nodal temperatures
- Boundary conditions

LTIOMMDO

FE Modelling ,

Structural and

Thermal analysis :
Verify optimal fitting
condition
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Fig. 2 Schematic of the hot extrusion process and
tooling system used in the experiment
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Fig. 3 Initial meshes of billet and dies for hot
extrusion process in DEFORM

Table 1 Material input data used in the analysis"?

. Case Insert
Material -
H13 TiB;
Young's modulus (GPa) 190 510
Poisson ratio 0.3 0.18
Thermal conductivity (N st K" 28.6 25
Emissivity(N s mm™ K*) 3.588 8.3
Interface heat transfer 0.7 0.7
coefficient (N s'mm' K" 275 7.6
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Fig. 4 Effective strain distribution of the hot extrusion
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Fig. 7 Von Mises stresses on the height of die insert
due to mechanical and thermal loads
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Fig. 8 Hoop stresses on the height of die insert due
to mechanical and thermal loads
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Fig. 9 Drawing of hot extrusion die
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Fig. 10 NC codes for the hot extrusion die
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Fig. 11 Field test of hot extrusion using ceramic
insert and dieset

Table 2 Chemical compositions of REXALLOY 33
for hot extrusion die insert [unit: %]

Carbon 2.25
Chromium 33.00
Tungsten 18.00
Cobalt 44.00
Balance confidential 2.75

Fig. 12 Ceramic die insert and stress ring shrink-
fitted after field test of hot extrusion
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Fig. 13 Microstructure photoed by SEM of Ceramic
die insert after field test

Fig. 14 Extruded product after field test of hot
extrusion
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