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ABSTRACT FINITE ELEMENT MODELING METHODOLOGY CONCLUSIONS

The target of this investigation is to model and analyze the effect of the JMAK dynamic recrystallization Simulation process parameters: Co-extrusion parameters:
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bimetallic Ti6Al4V-AZ31B billets. Johnson-Mehl-Avrami-Kolmogorov cdgt - E™exp (2L Mesh density type Relative emperate (O Bxtrusionratio(AJA] — Biletheghtimm) inner and outer area. Nor does the evolution of this microstructure occur

As a general rule, the core presents a smaller grain reduction than the

: . . . . . _ _ " . Step increment contral {mm/step) Constant = 0.06 - Shear friction factor
model in DEFORM3DO®© to simulate dynamic recrystallization and predict Trex ' T nterfeencedepth Relative = 0.7
the final grain size. This study used the following co-extrusion parameters fos = a5 - dS - g™ L M oyp (22 e (NG s " ring. In addition, this reduction is mainly located in the bottom part of the

- - - . . N M Mg . o Heat transfer coefficient between ring and core DOE (DESI N Of EX erlments) . : !
to evaluate their influence on the final average grain size of the : P \rr I — 11 5 P core where the permanent regime of the co-extrusion process is not yet

A . Heat transfer coefficient between billet and air . . . .. .
manufactured part: temperature, ram speed, extrusion ratio, die semi- S dres o Crex (NCsmm) 002 Temperature  Ram  Extrusion  Die  Friction  Billet  Core achieved, corresponding to the initial stage of the transitory.

angle and Shape factor (relation between Core diameter and bi”et height). EUE:I—E:EFE?:TDE‘;:::?T:ET;bEtWE‘E“hi“EtE“'ld g |:'E:| SP'EEd ratio Semi- hEiEht diameter Ram Sp@@d and friCtiOn have barely effect On Core micrOStrUCture.

Fictontee_____________shear__ W Temperature values lower than 30 ° C produces no crystallization on the
' h ' ring.

Peak strain B . . ; d Ti6Al4V 1 1 1- . . . . . .
00064 O 000L 30573 8 FEM.r.noIdeI V;I'Ida:'f?] by semi Die semi-angle is the most influential parameter on microstructure
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High values of billet height and low values of core diameter produce the
o speed (] | smallest a-verage grain size in the.flnal part.
Extrusion ratio _ Finally, this report proves that microstructure of a manufactured part can
Die semi-angle () ' 60 be controlled and customized during a multi-material co-extrusion

Friction L : . ; process
Billet height (mm) ' 3

FATATS

s

Drex grain size Mz Qs

0088 -36848 Temperature [*C)

Extrusion force (kN)
am speed (mm/s) Peak strain
hear friction coefficient
leeve (Ti6Al4V)
ore (AZ31B) : Drex Kinematics

N

YA
Extrusion Force [kN)

WCH
ﬂ‘l
vl
cEBEEYT 3888 E

SR
!E
g%
Al
5 T W Y Pl N
BT

0 0.0406 5608.078
ontainer
op die/Ram o Drex grain size ms Qs C lohnson

01 -13813 Core diameter [mm)

@ NRIERIEREAE
w
—
3
=
T
(=
o

locker

BILLET HEIGHT DIE SEMI-ANGLE

Core microstructure only undergoes

increase of the ‘ changes for billet height values from
temperature produces a fine- | | 30 mm.

grained microstructure in the
ring, while in the core the
effect of the temperature is
the opposite, obtaining a
coarse-grain microstructure at
high temperatures.

the inner area of the ring. For

low extrusion ratio values H Bk A - i
- e hardly any - e As the billet height increases a fine-

grain microstructure is obtained in
the ring. These changes in the grain
size are no uniform through the ring,
with large differences between inner
and outer areas
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recrystallization while for 2.25
extrusion ratio values the final
average grain size is reduced
to 8 um.
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Temperatures values below
300 ° C produce no effect In
the ring microstructure.

Core microstructure
experiments a reduction on
the average grain size with
increasing of the extrusion
ratio values.
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Core area in contact
with the ring

Friction only has an effect in

, , have opposite behaviors. While in the
the ring microstructure.

inner area the average grain size
distribution decreases as the internal
diameter of the ring increases, the
outer area shows a coarse-grain
microstructure.

High values of ram speed
produces a fine-grain size
microstructure.
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Die semi-angle is the most influential parameter on
microstructure evolution.
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There is a non-homogenous
distribution of the grain size
between inner and outer
area of the ring for low
friction values.

Core microstructure does not
present relevant changes with
the variation of the ram speed.

For low values of die semi-angle, such as 15 9, the
- - microstructure of the ring does not present any
Core reaches the minimum grain size

o : . oo el el | o | J change neither In the Inner or outer areas.
U e e.creas.e 4 t.e dverage The increases of the friction | J | VAIUESHORS INMVAILES CGISMEEET Nevertheless for 60 ° values of die semi-angle, the
grain size with the increase of |

h 4 . Inner area of the ring reaches an average grain size of
F © Uil SEssel 15 MOE RO 8.65 um and the outer area reduces its average grain
in the ring, reaching the outer

area the maximum grain size
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mainly affects the inner area
of the ring keeping the outer - k : Nk
area with hardly any changes. ' e nl | [N e size t0 6.42 um.
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reduc;tlon for 3 mm/s ram | Core average grain size increases with increase of the
speea. -l die semi-angle values.
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