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Objective

b

[ MAGZ‘;]‘\?OFT Predict Mechanicalt )
o properties of an |
- AlSi7Mg Té LPDC ) @ —

component N
MAGMASOFT 6.0.1 release N
allows to simulate heat \
treatment process and \
hence to evaluate the
overall production
process in terms of
distortions and
nanical prope
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What is new in MAGMASOFT 6.0.1 release

Microstructural behaviour of the alloy during the heat treatment process is

crucial for the calculation and the simulation of mechanical properties.

e Real Alloy composition
: (Microstructure)

eat treatment parameter

Mechanical with the Beta release
are function of;

Temperature
boundaries

HTC curves

Duration of each
phase

il
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Workflow
1

Standard LPDC Simulation Heat Treatment Reverse

MAGMASOFT 6.0.1 Beta release | engineering
MAGMASOFT 6.0 standard release

Stress + 1 1
5. Microstructure Results Temperature histories HTC curves

E— T

3
R Heat Treatment Simulation )
Result MAGMASOFT 6.0.1 Beta release
Mapping Results
evaluation and
i l analysis of the
— P — evolution
Displacements Mechanl.cal thtmu?h hetat
Properties reatmen
process
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Casting Part

Part Name Front Crossmember Part Weight 7,220 Kg
Alloy type EN AC - AlSi7Mg0,3 Dimensions 902 mm x 587 mm x 81 mm
Process LPDC Heat Treatment Té6
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User Meeting 2024 MM m?uzpaflégggpe'



STANDARD LPDC SIMULATION
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Standard LPDC Simulation
LPDC THERMAL PROJECT

Production LPDC STANDARD
arameters SIMULATION

 Filling Solidification
Results Results

Stress
Results

Mechanical Properties as
cast

Microstructure

Evaluation of
die & die
casting

efficienc

Evaluation of
potential
defects

Displacements
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Standard LPDC Simulation
MICROSTRUCTURE CALCULATION

\»
> V)
\» N\
\
g9 4 " | g
¥ N
v ) N g v ) o Precipitates »
Alloy composition <) | o SDAS
Modifiers ' " o Mechanical Properties
B Grain Refiners + Yield strength

* Tensile strength

¥

B

N

» Elongation

9.859"

\ u\‘u N\ k’_ -
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Standard LPDC Simulation
LP[_)C SIMULATION RESULTS

Results % Materials L § = B Result X
Project Al TESUltS L e 4 Fraction of
L@ Results Time Percent Process P.. [l 3 AIFeS;:hase
Geometry ) FsTime 0.5281
) Hot Spot FSTime a3 —
@ ) Porosity G »
Mesh , -
v [ Microstructure
E Secondary Dendrite 1Th 25min 08s 0.5281
Definition Fraction of Al2Cu P 1h 25min 08s 05080
@ Fraction of AlFeSi P 1h 25min 08s :
Fraction of AlFeMn: Th 25min 08s 0.4879
Optimization ) ) . | - .
Fraction of Eutectic Th 25min 08s M |crost ructure
Iﬁ Fraction of Mg25i F 1h 25min 08s 0.4677
Simulation Fraction of Primary 1h 25min 08s .| - 0.4476
.. raction of Si Phase min 08s '
% (v F i f Si Ph, 1h 25min 0&:
o, Grain Size 1h 25min 08s 0.4275
~ [ Material Properties
i Flongation F 1h 25min 08s 0.4074
Result Flongation T6 1h 25min 08s DS
Ad Tensile Strength F - 1h 25min 08s '
- Tensile Strength T6 1h 25min 08s 03672
Yield Strength F 1h 25min 08s
Yield Strength T6  1h 25min 08s 0.3471
) Contact Gap 0.3270
) Contact Pressure
) stress Temperature 0.3069
) Displacement/Total Di 0.2868
) Displacement/Displac L H m :
) Displacement/Displac Dlsplace ents' 0.2667
[ Displacement/Displac [FeErm /
[ stress/Max. Principal § 1 [ 0.2466
[ stress/Min. Principal ([
[ stress/Von Mises QR v 0.2466
[ Total Strain/Max. Princ n of AlFeSi Phase G
) Total Strain/Min. Princi St ress Resu ltS
Elastic Strain/Max. Prir
R LB e ——e M og-rel we
Flactie Strain/Min Drin
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| ; HT Reverse engineering
WORKFLOW

P

g

T:rcr:ﬂ?;ﬁfz;e HeE R * TEMPERATURE
(Thermocouples) interpolation | HISTORIES

MAGMA Reverse
optimization tool engineering
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| > HT Reverse engineering
TEMPERATURE ACQUISITION

LAYOUT OF CASTING THERMOCOUPLES
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HT Reverse engineering
TEMPERATURE ACQUISITION

LAYOUT OF RACK THERMOCOUPLES

Thermocouples 6 and 7 positioned between
casting ribs to reduce temperature
oscillations due to air recirculation

Solution - Quenching - Aging Data acquisition every 1s

MAGMA In.ternatlonal MM Mazzucconi
User Meeting 2024 FUTURE CASTING



HT Reverse engineering

TEMPERATURE ACQUISITION

DATA-ACQUISITION TEST LAYOUT i DATA LOGGER

Drilled part and P P e— R —
thermocouple wires & i g gy B & g
inserted ' -

S e
‘l - - Wy~ g~ B = W

4y

-— - -~ — - - i i

M ARG s Ao i N i Nl

MAGMA In.ternatlonal MM Mazzucconi
User Meeting 2024 FUTURE CASTING



HT Reverse engineering
RESULTS FROMTHERMOCOUPLE ACQUISITION

T6 HEAT TREATMENT MEASURED TEMPERATURE CURVES

a00

500

SOLUTION
~18000s

400

00 QUENCHING

Temperature [*C]

200

AGING
100 ~18000s
0
Time [s]
—T(0]  e—TC02 0 . [y V. G— 'y TODE s TCO7
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ineering

HT Reverse eng

TEMPERATURE HISTORIES
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I ; HT Reverse engineering
HTC OPTIMIZATION

Measured

INPUT: [ temperature curve

Design Variable:

T OPTIMIZATION @
o o
(jdesign)
A

Simulated A <toll
temperature curve

HTC CURVE

OUTPUT
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HT Reverse engineering
HTC OPTIMIZATION EXAPMLE

DESIGN VARIABLES COMPARISON MEASURED - SIMULATED

. . — Design401 Design Selection
DESIgn Val'lables Measured and calculated curves —  tempra_TCO2.txt Take inte account | All designs
4 First design < | Design 401
‘ Design Variable Parametric Function Second design | < | none
Bottomn Core 06_top / Casting casting - Heat Transfer Coefficient Parametric Function g 500 Parameters  Output Values (Error Terms)
_E 6,000 Parameters Design 401
= [ Design Variables
= 5o — M d 9= Bottom Core 06_top / Casting casting - Heat Transfer Coefficient Pa 20.0
E ’ e a S u re 9= Botton Core 06_top / Casting casting - Heat Transfer Coefficient Pa 200.0
il 9= Botton Core 06_top / Casting casting - Heat Transfer Coefficient P2 170.0
£ 4,000 400 = )= Botton Core 06_top / Casting casting - Heat Transfer Coefficient P2 4200.0
U m
o S I u la t e d ()= Bottem Core 06_tep / Casting casting - Heat Transfer Coefficient Pa 4000.0
‘: 3;000 (9= Bottom Core 06_top / Casting casting - Heat Transfer Coefficient Pa 3900.0
K ©9= Bottom Core 06_top / Casting casting - Heat Transfer Coefficient Pa 500.0
2 2,000 v [] Objectives
= —_ @ Match Measured and Calculated Curves 19238
= 1000 & + [ Output Values
s © [ Design ID 4010
T = 5 300
=
0 500 1,000 1,500 2,000 5
-9
Temperature (°C) E
o
. . . . Ll
Parametric Function Parameter, Interval 1 Lower Limit Upper Limit | Step |
X0 1.0 1.0 0.0 200
Y0 3900.0 43000 100.0
wo 1.0 1.0 0.0
w1 80.0 120.0 10.0
V] W2 180.0 2200 200
100
w3 130.0 170.0 10.0
¥1 3700.0 41000 100.0
|-
Lad
Y2 5800.0 6500.0 100.0 o I ® A X ) 45
3 430.0 550.0 50.0
Time [s]
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HT Reverse engineering
HTC OPTIMIZATION RESULTS - Solution phase

X —
OPTIMIZED FUNCTIOV lyo_ . ( 0)]

red and calculated o
¥ 3
| : HTC
- (5]
2 =
- T
s
£
5
o
E
& 200
100
g ARS8 8RR ERE8ARERERE_RR
%QD \006 ’&"Qp 1@0 1500 e I B I I Ve B I T mm%:rq':rmmmmgtﬂmtﬂhhhh
Time [s] G Temperature [°C]
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HT Reverse engineering

OPTIMIZED
FUNCTION

S
\

w0 ‘
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i 3

¢
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HTC OPTIMIZATION RESULTS - Quenching phase

~ 2°degree polynomial passing through the

N\ points:

(x0 + Wo, o)
Xo + Wy + wy,y)

||||||
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» »
Weasured and ves
- \
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o
\
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LYy
L i..
\
.
4 .
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i
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Quench HTC
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HT Reverse engineering
HTC OPTIMIZATION RESULTS - Aging phase

X s
OPTIMIZED FUNCTIOV lyo_ - ( o)j

red and calculated c:
F 3
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HT Reverse engineering
HTC OPTIMIZATION RESULTS - Air cooling phase

OPTIMIZED FUNCTIOV lyo ) ( - o)j

Measured and calculated curves

U

ture
atch

* HTC FINAL COOLING
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HEAT TREATMENT SIMULATION
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Heat Treatment Simulation

Experimental | Reverse
Data engineering —l
Temperature histories HTC curves

A 4 v

Té6

Microstructures + | Result mapping J HEAT TREATMENT
Stress Results —

PROJ ECT / Displacements &
—P( distortions
% S thro ugh HT

] / Microstructure
Steps definition: : characteristics

e Solution — o

. T )
° Quenchlng h;fgs::izasl
* Agmg " through HT |
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Heat Treatment Simulation
IMPORT RESULTS - RESULT MAPPING

Results X Materials L] 8 = O  Material Definitions Result X =}

Al results .

Von Mises
MPa
78.65

Results Time Percent

> [ i PORSCHE_992_VA Quertr.

¥ Result Mapping - PORSCHE_992_VA_Quertraeger_HT_DEF/v12 m] Empty

Result Selection

Select the results you want to convert.

Result Selection

Selected Results Cycle  Time
Effective Plastic Strain Cycle25 Ambient
S g Elastic Strain Cycle25 Ambient
o Stress Cycle25 Ambient
v Cooling
) Temperature
) Fraction Liquid
) Fraction Solid
nent < ) General Criteria
) Gradient Time
) FsTime
) Hot Spot FSTime
) Porosity
> ) Microstructure
> (%) Material Properties
) Contact Gap
) Contact Pressure o

< >
[ Show Flat Hierarchy <

Results Time Percent Proc”

Preparation

Microstructure and
Mechanical Properties
results from the last cycle of

Messages

-
®@ View Update Geom Import < Back Next > Finish Cancel

_’_W VO IVITSES_UUT - aﬁﬁ E'p[ 100,00 %
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Heat Treatment Simulation

9
Initial temperature condition Uniform initial temperature
Heat treatment initial temperature 20.0 | °C
Steps in Heat Treatment Process
+ Step ‘Type ‘ Temperature History | Stop Condition |
001 #"Solution Treatment  ~  Project/SOLUTION_HTT  after 18000.0 s
X 002 W Cocling ~  Project/Al_quench_20C  after 15.0 5
w 003 il Quenching »  Project/Al_Quench_70C  after0.33 s
004 il Quenching w | Project/Al_Quench_70C  after0.33s
! 003 il Quenching w  Project/Al_Quench_70C  after0.33s
4 006 il Cuenching w  Project/Al_Quench_70C  after0.353s
007 il Cuenching w | Project/Al_Cuench_70C  after0.33s
008 il Quenching » | Project/Al_Quench_70C  after0.353 s
009 il Quenching ~  Project/Al_Quench_70C  after0.33 s
010 il Quenching w | Project/Al_Quench_70C  after 260.0 s
011 | W@ Cooling v | Project/Al_quench 20C  after 3600.0s Dummy mold properly sectioned to
012 [ #"Aging v [Project/AGING_HTT  after 18000.0 < simulate immersion sequence into
013 WP Cocling ~  Project/Al_quench_18C  as soen as max. temp. in Casting 1D 1 falls below 20.0 °C .
Boundary Definition
Material 1 |Mat D |Materia| 2 Mat D Database/Filename Type |
~ Casting Permanent Mold ¢
p Casting D1 pBottom Core 03 Project/Al_Default_Cooling_20  Radiation and Convection \
§ Casting D1 pBottom Core 01 Project/Cuench_opt FRONTAL  Heat Transfer Coefficient N
p Casting D1 pBottom Core 02 Project/Al_Default_Cooling_20  Radiation and Convection
# Casting D1 gBottom Core 03 Project/Al_Default_Cooling_20  Radiation and Convection Sections allow to differentiate boundary
g Casting 01 pBottom Core 04 Project/Al_Default_Cooling_20  Radiation and Convection [ H H H
p Casting D1 pBottom Core 0B Project/Al_Default_Cooling_20 Radiation and Convection
p Casting D1 pBottom Core 07 Preject/Al_Default_Cooling_20 Radiation and Convection
§ Casting D1 pBottom Core 08 Project/Al_Default_Cooling_20  Radiation and Convection

MAGMA International M Mazzucconi

User Meeting 2024
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Heat Treatment Simulation
HEAT TREATMENT STEPS DEFINITION

Heat Treatment Process Summary . .
Select the materials to consider and define the individual phases of heat treatment. Fo reac h p h ase Of th e trea t me nt; t h e fo llow In g mu St b es p ec Ifl e d -
—
Initial temperature condition Uniform initial temperature ~ Te m p e rat u re
Heat treatment initial temperature “C . g
e Histo ry Temperature boundary condition (furnace and
Steps in Heat Treatment Process Water bath)
+ Step Type Temperature History Stop Condition
0m #*Solution Treatment  ~ Project/SOLUTION_HTT | after 18000.0 5
X 002 W Cooling ~  Project/Al_quench_20C  after 15.0s
W 003 i Quenching ~  Project/Al_Quench_70C " after0.35¢
1 004 i Quenching ~v  Project/Al_Quench_70C after 0.33 s H TC L.
005 Quenching v |Project/al_Quench_70c |l sfter 0.35 5 - Temperature dependent heat transfer coefficient
U 05 uerching Vo A Quench Tgafer 038 = between casting and environment
007 i Quenching ~v  Project/Al_Quench_70C after 0.33 s
008 i CQuenching w  Project/Al_Quench_70C " after0.35s
009 i CQuenching ~  Project/Al_Quench_70C " after0.35¢
010 i Quenching ~  Project/Al_Quench_70C after 260.0 s 8
o W Cocling ~  Project/Al_quench_20C  after 3600.0 s -
02 ~"hging ~  Project/AGING_HTT after 18000.0 = D u rat I 0 n
03 W8 Cooling ~ | Project/Al quench 18C  as soon as max. temp. in Casting |0 1 falls below 20.0 °C Of ea Ch phase
Boundary Definition - - R
Material 1 [MatiD | Material 2 Mat ID Datsbase/Filename Type
v Cast Alloy Permanent Mold
~ Casting Permanent Mold :
§ Casting D1 #Bottom Core 03 Project/Cuench_opt_OUTSIDE|  Heat Transfer Coefficient
§ Casting D1 PEBottom Core 01 Project/Quench_opt_FRONTAL Heat Transfer Coefficient
g Casting D1 #Bottom Core 02 Project/CQuench_opt_OUTSIDE  Heat Transfer Coefficient
g Casting D1 #Bottom Core 03 Project/Cuench_opt OUTSIDE.  Heat Transfer Coefficient
p Casting D1 PEBottom Core 04 Project/Quench_opt_OUTSIDE|  Heat Transfer Coefficient
g Casting D1 pBottom Core 06 Project/Quench_opt_FRONTAL  Heat Transfer Coefficient
g Casting D1 pBottom Core 07 Project/CQuench_opt_OUTSIDE.  Heat Transfer Coefficient
p Casting D1 PBottom Core 08 Project/Quench_opt_SHADOW  Heat Transfer Coefficient
* Permanent Mold Support Project/CQuench_opt_FRONTAL  Heat Transfer Coefficient
Boundary D1 # Support supporto_01 | Project/Quench_opt FROMNTAL  Heat Transfer Coefficient
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MECHANICAL PROPERTIES EVOLUTION THROUGH HEAT
TREATMENT - REAL VS SIMULATION
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Mechanical properties evolution through HT - Real vs Simulation
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Mechanical properties evolution through HT - Real vs Simulation
EXAMPLE OF STRESS-STRAIN CURVE

do SO Le LO
& mm 28.274 mm2 30 mm 30 mm
- ] | [] mpo2s
E ] 0.9 R
[=] 1 Rm
"4 o8
4 Lo.7
3.5 0.6
3
] Lo.s
25
] L 0.4
2 -
] 0.3
1.5 -
1_‘ 0.2
0.5} Lo
ol . . . | . . . . . | . o
[} 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
CORSA ESTENSIMETRO (mm)
Risultato Test Fm Rrn Rp0.2% A Lu E
Ok 5.180 kN 183.21 MPa 101.36 MPa 6.87 Y% 32.06 mm 43478 MPa
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Mechanical properties evolution through HT - Real vs Simulation
MECHANICAL PROPERTIES

Measured

Simulated

PART  AREA  Rp0.2 I

1 . 101,3 _— *
” 106,8 — \
2 1 101,5 _— g
2 103,6
3 1028 j ¥ l<i\\ ‘\\
2 102,4 gy |
Mean Values 103,1 w

"

N 94.342 MPa

Yield Strength F Result

YIELD STRENGTH \ _ _ |
AS CAST Simulation results based on Magma output
Yield Strength F slightly underestimate (-7%

MAGMA In.ternatlonal MM Mazzucconi 24
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| > Measured and simulated mechanical properties comparison
MECHANICAL PROPERTIES

Measured
M\ Simulated
.
PART AREA Hp 0.2 f 100.120 MegaPascal
5 d 99.922 MegaPascal

1 1 121,6 \

2 120, j
2 1 119,5 L 1N

2 120,2
3 1 116,7 “ B 0.

9 117 e

Mean Values L 119,2 YS_P9 - Second Aging Step

YIELD STRENGTH - : . :
AFTER QUENCH , Simulation = -16% than specimen measures

MAGMA In.ternatlonal MM Mazzucconi
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| \ Measured and simulated mechanical properties comparison

MECHANICAL PROPERTIES

Measured

&1\ Simulated

261.567 MegaPascal

PART =1 [ R
1 1 253.5 260.614 MegaPascal
9 250,3
2
1 266,1 :
5 266,3 ! L ‘ 58.87 MegaPascal
3 1 252.9 "
5 252,1
Hoan Vales - YS_P9- Last Aging Step
Beta 6.0.1 iy

elease
. b, |

YIELD STRENGTH J
AFTER AGING Simulation comparable to real data

MAGMA In.ternatlonal MM Mazzucconi
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| ; Measured and simulated mechanical properties comparison

YIELD STRENGTH

® MEASURED SIMULATED

| | 256 259

19

103 100
96

BEFORE HT AFTER QUENCH AFTER HT
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Mechanical properties evolution through Té6 heat treatment

MECHANICAL PROPERTIES EVOLUTION THROUGH HT

BEFORE HT ®AFTER QUENCH ®AFTER HT

314
257
235
186
19
103
| —

TENSILE STRENGTH YIELD STRENGTH ELONGATION [%]

98
70
: l

HARDNESS [HB]

PART AREA Pre HT Post Quench Post HT Pre HT Post Quench Post HT Pre HT Post Quench Post HT Pre HT Post Quench Post HT
1 1 183,2 230,2 312,85 101,3 1216 253,5 6,8 10,7 76 55,5 68,6 85
2 189,9 2387 308,5 106,8 120,3 250,3 73 16,5 515
2 1 185,3 2334 320 101,5 119,5 266,1 8,2 12,5 8,3 56,8 70,6 101
2 180,3 2401 315,7 103,6 120,2 266,3 8,7 18,3 9,7
3 1 181,2 236,1 3135 102,8 116,7 2529 7 15,1 6 55,5 68,8 98
2 189,5 2352 3154 102,4 117 2521 9,2 16,3 10,1
Mean Values 186,6 235,6 314,3 103,1 119,2 256,9 7.9 14,9 7.9 55,9 69,3 98,0
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Arwy, questions?
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