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Assessment of Forming Defects in Hot Backward Extruded
Ti-6Al-4V Tubes using Dynamic Materials Model

J. T. Yeom, 1. K. Shim, N. K. Park, S. S. Hong and I. O. Shim

Abstract

The metal forming behavior and defect formation in Ti-6A1-4V tube during hot backward extrusion were investigated.
Dynamic material model(DMM) including Ziegler’s instability criterion was employed to predict the forming defects
such as shear band, inner and/or surface cracks. This approach was coupled to the internal variables generated from FE
analysis. The simulation results for the backward extrusion were compared with the experimental observation. The
chilling effect and friction indicated a great influence on the deformation mode of the tube and the formation of surface
cracks. The formation of forming defects in the extruded tube was attributed to nornruniform distribution of strain, strain
rate and temperatures in the extruded tubes for the given test conditions.
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Fig. 1 Microstructure of Ti-6Al-4V
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Fig. 2 Schematic illustration of fixture used to
backward extrusion for Ti-6A1-4V
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Fig. 3 Initial billet shape of the backward extrusion
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* Punch speed : 30mm/s

* Punch movement : 86.8mm

« Punch heating temp. : 350°C

« Billet heating temp. : 970°C

* Friction coefficient(m) :0.3

» Heat transfer coefficient : 3kW/°Cm?2
» Thermal and forming simulation
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Fig. 4 Initial mesh for the backward-extrusion

simulation

COO LA A AT TTRLEITI TN 1A 31 T~ = Anna~ 1 H

o R /\\:]IC\’_:QT

3. dgEn ¥ 1F

1 AMEOEOIRS TEB SHM R TY
2 7] & 2. d(Dynamic Materials Model)& A & ¢]

PAEa R AR wsa
, B7FEA Bad
OE 5L AAAHo.

2
N
b
o
2
irs
A
e
ri
m
oZ:
ot rlo

= ‘*?3“12 W Ase 24
EHE oA g vAlzAA
2EHE oA 7%
AZ olEg nAzAE WHile x99
o g2 dojAE N

Zol 7h5de %w stk A
B Fise) F

AE power 7} ¥4 Hg%y_u}g
Al zA A e AREE Ao
o]8 AZgHoFT FHH37 o A
ANIA B E&Mn)E AA S

2

[0 4o = K

£ H

JlJN
Hoe
o 2 rE
ér\rgﬂ%;gmlm
_>LOBL £
N
tE 1o o (&

LT Jr i ol

2
f
o

?R

=(6log0'] :[6Lna] @
dloge J, \ OLné J,

Azl Fatasmel Hud g
A wAlzzA @zt g adgs vl
At 3, Ziegler®E 2L HEF &4
T EAEAE Hrtet7] AF continuum  criterion
o tFd e A EAdAIAEE At
o

B A=
o
=

Jo

) = 61n(m/(nf +1)) m
olng

<0

gol 29 #E Y BS /58
2 Ao} ol ‘j%‘—‘é——% A F
Al Ti-64 FHOAA TAHE 43 FE
g o]&3lr] S HEEE,

F[F o o X
oft o o& 2

é’ Eg O_l.f
e e 41 2,
o off i



FAYERAL G430 F

o] wWE FTAHX Z(Processing Map)”t
24EAE A7 BAS T €5

CH=E O

Jpr ox ooz w
re
S
2
2
rle
K
rio
A
Hy
>,
%
iin)
i
=2
X
ne
2
22

oo m
R ]

d 3 of

:‘

L) S
259 g42M HEsn uge A
7) Y18iA Fig. 5 & & AP ES
3 log-log ZZ7} o]gHAoH, o
o Foln wgend g

polynomial equation) 2.2 ¥ &

o do & ’5\
o 2
ole
2 e

r
v
oft
>

Ln(c)=a+bLn(&)+c(Ln(€))’ +d(Ln(&))’ @)
714, a,b,¢c,d & AFEA Table 1 o] YERAATH

Table 1 Constants of equation

TCC) a b ¢ d
850 | 5.5087 7.81E-2 -1.87E-2 | 9.68E-4
875 | 5.2021 1.12E-1 -1.40E-2 | 7.45E-4
900 | 4.9868 1.55E-1 -1.74E-2 | -5.44E-4
925 | 4.6864 2.03E-1 -1.11E-2 | -4.54E-4
950 | 4.4397 1.98E-1 -1.03E-2 | -1.74B-4
975 | 4.0564 233E-1 -8.82E-3 | -4.87E-4
1000 | 3.8807 2.59E-1 2.17E2 | -2.67E-3
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Fig. 5 Flow stress versus strain rate for different
temperatures
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Fig. 6 Power dissipation efficiency map obtained
from Ti-6Al-4V alloy (¢=1.0)
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Fig. 9 Simulation results of the extruded Ti-64
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Fig. 10 The comparison of experiment and prediction
of the forming-defect for backward extruded
Ti-64
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