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GTT-Technologies' 10th Annual Workshop, Herzogenrath,
Germany, June 4-6, 2008

The need for thermochemical and
thermophysical property data in the
modelling of casting processes

(Christoph Honsel, Konrad Weil)

TTTTTTTTTTTTTTTT

Gr GTT Workshop 04-06.06.2008 0

o 44 . .. . . .
WinCast e The full line of Finite Element Simulation  www.rwp-simtec.de Ch. Honsel 03.06.2008

eeeeeeeeeeeeeee
Simulation Software




20
W Siste
RWP GmbH | Gesellschaft beratender Ingenieure \ ‘ W

fur Berechnung und rechnergestitzte Simulation mbH

RWP GmbH Tel.: 02471 1230
Am Munsterwald 11 rwp@rwp-simtec.de
52159Roetgen wWww.rwp-simtec.de

- founded 1984 as spinn-off of the “Giesserei-Institutes der RWTH Aachen*

d di tribution of the FEM-program SIMTEC / WinCast
) ainly for calculation of solidification processes)
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Example:
Shimano disk brake
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FEM

Bild gespeichert unter :  BILDO0Z2.pcx
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Example:
Shimano disk brake

Definition of parallel [
layers:

FEGRID.prj/ /I default diem = {B R\\‘

STARTMENUE
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Example:
Shimano disk brake

Calculation of section
planes:

FEGRID.pr3 /I _default diem = 4] R\\‘
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Example:
Shimano disk brake

E nmes h me nt of a 2d [fAwinCast - ANG 2007.0 *** RWP - WinCast - Europe/US version rev#2 *** 17.12.2007 =101
section with triangles:

R\W

| STARTMENUE
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Example:
Shimano disk brake
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Layer by I ayer . [ WinCast - ANG 2007.0 *** RWP - WinCast - Europe/US version rev#2 *** 17.12.2007 =10l =]
Aktuelle Schicht = 3 : HNaechste Schicht = 2 (J/Hy 2 JA NE
3d enmeshment g2 |NE |
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|:> solidification

mesh generator :
calculation

Jdr 0"’28T+&/10"’T+8/1&T+Q-

o Tal T a )Tl e T\

T = temperature
t = time
X,Y,Z = coordinates
Py = density * spec. heat
A = conductivity
: Q = heat source/sink  (latent heat)
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Example:
Shimano disk brake

Cal_Cl_l|_atiO_n of TEsc | |- | <<< | 1<< [E31= ] >>1 | »>> | -1 | pex | sETUP / START
solidification

BESEN - | << | << [BSIRN >>1 [ >>> [ -1 [ pex | serup / sma
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© = 0.90000 sek

Eild o rt unter : ilm | A ILDOZ4 . pox

Temperaturen [Grad Celsius] zur Zeit t = 14,000 gek STARTMENUE
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solidification
calculation

a

interpretation
and
presentation

mesh generator
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Example:
Shimano disk brake

|ntel‘pl‘etatlon: | ESC | | == | << | | << | =< | = | D | | | PCX SETUP / START

3d isotherms

—| | ecx | serue / starr ||f
——

EA GE
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PR HI

\
)
chert unter : Tilm i 20 b4 R\\‘

Potentialflasche (T= SES.00 o) zur Eelt @ t = 5.000 Selk
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Example:
Shimano disk brake

13.00
12.00
11.00
10,00
9. 00
g.00
7.00
5. 00
5.00
5.00

interpretation: [ Esc r
local solidification time

AU N

Eild gezpeichert unter : =1 ABILDDZO. pex R\\‘

Feit [gec] im Erstarrungs-Intervall
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~—golidification
mesh generator :
calculation
dr od(,dr\ d(,dr\) o(,dry .
oc, A +—| A +—| 4 +0
d o\ ok h\ o) K\ &
T = temperature
t = time
X,Y,Z = coordinates
Py = density * spec. heat
A = conductivity
-0 = heat source/sink  (latent heat)
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Sensitivity analysis

412

Sampling
points

Geometry
standard wedge

1248

2085

2544

2550 2710

Steels investigated

*1.1201 « AISI304
- 1.6740 - Microalloyed steel
« AISI430  DP500
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Example:

standard wedge

Integration

=
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GE: the latent heat function, i.e. the fraction energy released
RO: the product of density and specific heat (p*Cp)
LA: the heat conductivity

13.00 4

__ Steel AISI304 at sampling point 2544
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A Software/data link has been established between ChemApp and WinCast

- Calculated thermophysical properties are provided for use in WinCast
calculations.

- Calculation accuracy improved since four different latent heat release
(GE) and density*Cp (RO) modes can be computed.

ChemApp provides full phase equilibria, i.e. solid and liquid fractions,
phase names, phase composition, specific heat capacities or liquidus
and solidus temperatures.

The Scheil mode provides appropriate information for rapid cooling.

- Interpolation between the results (Equilibrium and Scheil) permits
the influence of cooling velocity to be investigated in the WinCast
calculations.
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AlMg75i0.1

—s— HPDC —«— |nvestment casting —+— Gravity die casting —— Sand casting [actual=new] —— HPDC —— [nvestment casting —— Gravity die casting

700.00

£50.00

£00.00

& 5R0.00

500.00

450.00

400.00
0.00 20.00 40.00 E0.00 20.00 100.00 120.00 140.00 160.00 130.00

Time [s]

HPDC new solidification temperature interval 100% greater than actual.
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Example:
Shimano disk brake

interpretation: Al: Cast Iron:

local porosity hotspot = defect! hotspot = defect ?
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Example:
Shimano disk brake

AN
W Siste
RWP GmbH | Gesellschaft beratender Ingenieure \ ‘ W

fur Berechnung und rechnergestitzte Simulation mbH

Cast Iron:

hotspot = defect ?

ert unter : film po
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Shimano disk brake
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Cast Iron:

hotspot = defect ?

Gieftemperatur in °C . Gieftemperatur in °C
PR e

— 0 ..
%‘% Q, im Stiick

Stiickmodul in cm: -
i ;ﬁ;ym” expansion depends on
/ T s
/ Rl
- e— « Components of alloy
= 0,5 ] =
T os— - time
0 1010 11 A AR
020 40 60 80 700 T el OO 3210 -2 -4 -6 -8 . ...
Schrumpfzeit in %% der MEG jpor, in o Aus- | Schrumpfung
Erstarrungszeif 515 18 2.0 22 24 26 28 dehnung in %
5 in % .
2 4 ,", 4 Beispiel
28 3\%‘ 325 % (15 % Si, 03 % P
) SR Stiickmodul 1,7 cm, Giefitemp. 1350°C
2 2k o e Schrumpfung 2,85 %%
g 1 N /] Schrumpfzeit 70 % : i,
28 323234 36 38 40
Kohlenstoff in %%
[F. Kritzner]
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calculation of

IES ) G ) stress and distortion

Ij) "‘Qidification

calculation

a

Equilibrium of forces :
k= jBklEki (Bju; — (€)g)dV

YB.. = geometrical factors

ij
E; = Youngs modulus
. = distortion vector
(€)e = thermal expansion
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residual stress and
ditortion

[ << [ < oie] o1 | o | | | pox | sowoe / swnn

Aluminium A356:

no phase change after
solidification

e.g. steel:

expansion due to a phase
change after solidification

BEild gezpeichert unter : film =pasBILDO4l.pocx
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Beispiel:
Shimano Fahrradbremse

e.g. steel:

. 0.00 S45C
expansion due to a phase X
change after solidification 5
=0.25 | —-— Experimental
—— Colculated
= 3
2
'ﬂ.'s'u' -
o
._§ -0,75 -iil 'cﬁ;:;;
= 3 é%
= #
7 g:%
E .00
|
400.00
~1,25 .
0 300 600 850
Temperature T (°C) [T.Inoue et al., 1981]
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calculation

h idea
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calculation of

IES ) G ) stress and distortion

a

Equilibrium of forces :
k= jBklEki (Bju; — (€)g)dV

YB.. = geometrical factors

ij
E; = Youngs modulus
. = distortion vector
(€)e = thermal expansion
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Virtual product development

Calculation of
life cycle

Calculation of load
stress

prototype

* heat treatment
* machining

CAD-Construction

uction Calculation of filling ahd,#
* shape optimisation

Calculation of mechanical

solidification .
properties
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calculation of
stress and distortion

"Qidification

calculation

a

o

mesh generator

-
-
| @/4.
-
-
-

— [ interpretation
and
CAD .p L5 & FEM
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5 )
c
® c 2
— — =
Qo w = .0
Q. 7)) O uw o
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Al-Si alloy Comparison between experiment and calculation
Mg alloy

= DAS =1 (i,)
= Hall Petch:
Yield strength = f (DAS)

Ro,2=(175 1 12) MPa ** R,,,=170 MPa *

R,>=(212 £ 18) MPa ** R, 2=220 MPa *
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One more example:

RWP GmbH | Gesellschaft beratender Ingenieure
far Berechnung und rechnergestitzte Simulation mbH

austempered ductile iron (ADI

GTT -TECHMOLOGIES

Rapid coolingto Ta : y — o + YHc
Before Bainite formation the process ceases.

Temperature (K°)

Portion of Fe - C Phase Diagram

Isothermal Transformation Diagram of Austenite

v+ Graphite :
TY StableiAustenite
i e Ty Upper Critical Temperature
"*: o + ¥+ Graphite -
! i A
™~ 3 i
! o “.’ Metastable y/ oy
4 .’0’ Phase 1301.1r1c|ari';,r
i*s ’-
Tafl- 5o %% o+ Gra ]iite
‘: S o+ a“ pi Ty
[ ‘;5 L
f % ‘d Martensite Srarr
| A v Len nperatu]:e M, =
TR 1‘.. dan _'.n_ "‘ S TR- -
l * . =
I '0’ 3 Ausferrite =
% : (e +7) B
a : ., ;
08 2 3.6 Ti
Wt. Percent Carbon e

Fig. 1 Schematic phase and isothermal transformation diagrams illustrating the Mg temperature,
its change with austempering time and the metastable o + 7 region.
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: Due to C enrichment Ms decreases

Q)'

GTT Workshop 04-06.06.2008

LA
WmCast"::

v
Simuiation Soitware

The full line of Finite Element Simulation

www.rwp-simtec.de

28

Ch. Honsel 03.06.2008



