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Fig. 1. Basic shear diagram for dilatant, Newtonian and
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Fig. 2. The relationship between apparent viscosity and shear
rate.
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Navier-stokes %4} (Navier-stokes equation) :
du auu 8uU+auw 1dp . .o

+vVu+g

_ -

ot ox dy 09z pox

dv_ duv dvv dvw _ 1dp i 2
St oy Tar T paytVVute @

aw auw dJow dww _ 1§£+VV7w+g

ot T ax T dy T oz pow

’lvix] A2 (Energy equation) :

OT_ 3 AT), 3( 2, 2( 3]
PeS: = ax(KaQ ay(KBD+az(K82T) (3)

Volume of Fluid :

oF JuF 8’\)F+8wF
ot ox dy Oz

z : MRS
v : & A4 (kinematic viscosity),
pr U, g FAEE, p AR, P RANTES

(4)

u v, W, X, ¥,
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Carreau-Yasuda model

n—1)

Y [+ (6)

'

N=psv,_ +(Yy-V

v, :low shear rate viscosity (zero shear rate
viscosity, m*/s)

V.. : high shear rate viscosity (m’/s)

A :time constant which gives the position of
the transition region(s)

a :Yasuda coefficient

n  :cxponent

Ostwald-de Waele model

(7)

. density (kg/m*)

. apparent dynamic viscosity (Pa - s)
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. shear rate (1/s)
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. shear stress (Pa)
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Fig. 3. The flow chart of thixoforging simulation.
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Fig. 4. The geometry modeling of designed gating system.
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Table 1. Material & Physical properties used in the thixo

simulations.
Material Initial Temp.(°C) Latent heat(KJ/kg)
Cast A356 575 430.5
Mold SKD61 250 27843
core SKD61 250 278.43

Table 2. Property values used to thixoforming simulation.

Parameters Symbol Unit Values
Solidus temp. Ty °C 547
Liquidus temp. T °C 617
Punch speed V punch mny/s 250
Pressurize parameter P MPa 80 (20sec)
Boundary condition K W/m’K  500(mold&mold)
gi‘:;‘:)“a“fe" coeffi- W/m?K  1,000(cast&mold)

s 2d& 01%3}@1 A2 FAsgey T4 g8
F 20% FRF 80MPae] o= siglsld sfiAs
T35+ 2‘ﬂ/%ﬂ 233 F583 RS dEAA
P S350 el ozl 731 BAXIE o] 83
At



A214 A63 (2001. 12)

EEE SA LR

- 315 -

Table 3. Result of mesh generation.

Case  Control volume Metal cell Remark
(a) 393,040 28,392 with overflow
(b) 250,992 25,123 without overflow
(c) 250,992 25,123 @ gate= 35
(d) 251,352 25,435 @ gate= 45
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Fig. 6. The simulation result at 70% fill state. (80 MPa,
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Fig. 9. The velocity distribution at 70% fill state. (80 MPa,
250 mm/s)

"I r i
et ] N
g { S
NN
. A
& l' i
L)

e
1.

Z71EE AL 4 4 AN A A FAH
= 457t wi2e o gk e F3lo] Fof §Eol
FAA SaEE A WAE 4 Q7] el o GE
g FA AFE AL & & Aol AlEsEH.

Table 39 47]-21 caseol] W3t % ’5} M AF=E B

W A7, WA e EFZo{9 57T M ulA]
¢33kl dellA= Fig. 6~Fig. PIAMATHE e E&
o7} = 797 9= AF ¥t Est AHAE dS
4 9lsloh. Fig. 8~Fig. %A Hel AAH Ao|Eg
Aol o AL Aol Alo|EfCAML] &=
zpol & A LJsla= A gigleh. S AlolE A7 el 3
MR v]X]e= ok S5 A3t TR HelA
Y ojshchar Ad —’f‘— NS Et.

Thixoforming®-E. AlE-& Asl=id WA z7ld<
g ¥ A7k & s S i Y1 A=
73F AEdiet e Aj7kd-S shd e ol
Abhato] AJ7|3L Adslete] AFH-E Soi7id ZAFo
A7) e 9. mebA o]Edl "Pi}‘—’%-‘ll AE5
S JAB] Hs 534 AlelEE Fig. 59 2ol
cejgA FHog ThEsid.

Ale)EA Ao d3t SHellME Fig. 99} Zo] Al°|E
oA} &X=71 Fig. 9(b)P gate—4594 LR} wE
Fig. 9(a)® gate = 35%] 7345 A3ldct. 29 E2o]
o] ol mE SxellA é_}jii‘ﬂ Fig. 7(bpllA Hed
T vpepzte] ow E2o{7} = 73-+HY Fig. 7(a)

8] o¥ EF2o7} Qe Al o ¥ dHEEE B
oJF 1 9lc}. wlehA Fig. 5(a)2} Fig. 5(c) i3t
wHlgl AlolEL] 2Ao| 3500]T o Eoir} B3
H S JECE JRMES W) uE M
T3P3llet. S84 AR 2HE7E B ATl
AAZ ol ¥-Fg AlZsked &83=F 3k

4 T4 fiMof <gt MExZHe| &

A71d% Wl Fdho] A ARSAIA 2
XSS B3] AR F3EEE dateE 7S
23] Table 40X Al&Jst A2 el M
74zt 33519931 Table S AlAbl 83 YHRAS
vehd Aol

AAAQ AL Fig. 103 ZFe] 2 - ¢ A2
2 A9 #dsil 33l He AL o 5 Qo TS
ALE- ARl €3] MAGMAsoft Wel fill tracers:
ARS8t BME FRRIAE Fig 1101] e ie
Fig. 11o|A] A5 vle) o] S8-E APERE &
#3 F corefolA & ¥ HAHAM FA FL2A A
o|Eg}l Fo|¥e] RS Bt AHE] & 4 g

Fig. 12(aye S 7HS Cll&3le vpy 5¢] shiql
A Azjolrt, H)AH

lig-to-sol criterias ARE-St -&-12

Table 4. Thixoforging conditions with particulate reinforced
metal matrix composites for simulation.

Case Pressure (MPa) Punch velocity (mm/s)
A 80 200
B 80 250
C 80 300

Table 5. Property values used to thixoforming simulation.

No Parameters Values
1 Material Cavity A357
Mold SKD61
Core SKD61
2 Initial Temp Cavity 575°C
Mold 250 °C
Core 250 °C
3 mesh Control volume 393,040
Metal cell 28,392
4 Velocity Punch each condition
5 Pressure Punch each condition
6 Boundary HTC 500~1,000 W/m’K
7 Machine Press 200Ton Hydraulic
Press
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(b) 60% (c) 80%
Fig. 10. The temperature distribution at each filled.
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(a) lig-to-sol criteria (b) 80% solidification state

Fig. 12. The solidification analysis using criteria.
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Fig. 15. The velocity distribution at cach filled under forming with 80 MPa, 250 mm/s.
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Fig. 16. The velocity distribution at each filled under forming with 80 MPa, 300 mm/s.
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Fig. 17. Distribution of temperature during filling state.
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Fig. 18. Distribution of solid time during solidification.
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Fig. 19. Distribution of hot-spot during solidification.
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