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Predict Mechanical 
properties of an 
AlSi7Mg T6 LPDC  

component

MAGMASOFT 
6.0.1 

Beta release 

MAGMASOFT 6.0.1 release 
allows to simulate heat 
treatment process and 
hence to evaluate the 

overall production 
process in terms of 

distortions and 
mechanical properties. 

Objective

Tool:
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User Meeting 2024



Documento ad uso interno classificato da Fonderie Mario Mazzucconi S.p.A.

Mechanical with the Beta release 
are function of:

What is new in MAGMASOFT 6.0.1 release

Real Alloy composition 
(Microstructure)

Heat treatment parameters

Temperature 
boundaries

HTC curves

Duration of each 
phase
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Microstructural behaviour of the alloy during the heat treatment process is 
crucial for the calculation and the simulation of mechanical properties. 
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Workflow

Standard LPDC Simulation 
MAGMASOFT 6.0.1 Beta release

Stress + 
Microstructure Results

Heat Treatment Simulation 
MAGMASOFT 6.0.1 Beta release

Temperature histories HTC curves

Displacements Mechanical 
Properties

Results 
evaluation and 
analysis of the 

evolution 
through heat 

treatment 
process

Result 
Mapping

Heat Treatment Reverse 
engineering

MAGMASOFT 6.0 standard release
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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 T6
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STANDARD LPDC SIMULATION

1
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LPDC THERMAL PROJECT

Standard LPDC Simulation

LPDC STANDARD 
SIMULATION

Evaluation of 
die & die 
casting 

efficiency

Evaluation of 
potential 
defects 

Production 
parameters

Filling 
Results

Solidification 
Results

Stress 
Results

Mechanical Properties as 
cast

Microstructure

Displacements
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MICROSTRUCTURE CALCULATION 

Standard LPDC Simulation
1
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Alloy composition

Modifiers

Grain Refiners

MICROSTRUCTURE

o Precipitates

o SDAS

o Mechanical Properties

• Yield strength

• Tensile strength

• Elongation
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LPDC SIMULATION RESULTS

Standard LPDC Simulation
1
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Mechanical Properties

Microstructure

Displacements

Stress Results
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HT REVERSE ENGINEERING
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WORKFLOW

HT Reverse engineering 

Temperature 
acquisition 

(Thermocouples)

Data elaboration -
Curves 

interpolation

Reverse 
engineering 

TEMPERATURE 
HISTORIES

HTC CURVES

2
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TEMPERATURE ACQUISITION
LAYOUT OF CASTING THERMOCOUPLES

HT Reverse engineering
2
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TEMPERATURE ACQUISITION
LAYOUT OF RACK THERMOCOUPLES

HT Reverse engineering

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

2

5

6

7

6

Solution – Quenching - Aging Data acquisition every 1s

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

DATA-ACQUISITION TEST LAYOUT

HT Reverse engineering

Casting thermocouple

2

DATA LOGGER

Rack ThermocoupleCasting Thermocouple
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Drilled part and 
thermocouple wires 

inserted
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RESULTS FROMTHERMOCOUPLE ACQUISITION

HT Reverse engineering
2
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SOLUTION

AGING

QUENCHING

≈18000s

≈18000s
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TEMPERATURE HISTORIES

HT Reverse engineering
2

SOLUTION

AGING AIR COOLING

QUENCHING

TC07 All TC

TC07 TC07
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HTC OPTIMIZATION

HT Reverse engineering

Measured 
temperature curve

Design Variable: 
HTC CURVE
( j design )

Simulated 
temperature curve

OPTIMIZATION

∆
∆ < toll

OPTIMIZED 
HTC CURVE

yes

no
J +1

INPUT:

-

+

OUTPUT

2.1
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HTC OPTIMIZATION EXAPMLE

HT Reverse engineering
2.1
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DESIGN VARIABLES COMPARISON MEASURED - SIMULATED 

Measured

Simulated
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HTC OPTIMIZATION RESULTS – Solution phase

HT Reverse engineering

𝑦0 =  𝑦0 + (𝑦1 − 𝑦0) ∙
𝑥 − 𝑥0

𝑤0

𝑘

2.1

OPTIMIZED FUNCTION

Temperature 
Curves match

Solution HTC 
Curve
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HTC OPTIMIZATION RESULTS – Quenching phase

HT Reverse engineering

𝑥0 + 𝑤0, 𝑦0  (𝑥0 + 𝑤0 + 𝑤1, 𝑦1)

𝑥0 + 𝑤0 + 𝑤1, 𝑦1  (𝑥0 + 𝑤0 + 2 ∙ 𝑤1, 𝑦2)

2°degree polynomial passing through the 
points:

2.1

OPTIMIZED 
FUNCTION

MAGMA International 
User Meeting 2024

TC02 TC03

TC04

Quench HTC 
Curves
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HTC OPTIMIZATION RESULTS – Aging phase

HT Reverse engineering
2.1

OPTIMIZED FUNCTION

Temperature 
Curves match

Aging HTC 
Curve

𝑦0 =  𝑦0 + (𝑦1 − 𝑦0) ∙
𝑥 − 𝑥0

𝑤0

𝑘
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HTC OPTIMIZATION RESULTS – Air cooling phase

HT Reverse engineering
2.1

OPTIMIZED FUNCTION

Temperature 
Curves match

Air cooling
HTC Curve

𝑦0 =  𝑦0 + (𝑦1 − 𝑦0) ∙
𝑥 − 𝑥0

𝑤0

𝑘
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HEAT TREATMENT SIMULATION

3
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Heat Treatment Simulation

Steps definition:
• Solution
• Quenching
• Aging

Temperature histories HTC curves

Reverse 
engineering

Displacements & 
distortions 
through HT

Microstructure 
characteristics

Mechanical 
properties 
through HT

Experimental 
Data

Result mappingMicrostructures + 
Stress Results

3

T6
HEAT TREATMENT 

PROJECT
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IMPORT RESULTS – RESULT MAPPING

Heat Treatment Simulation
3

Microstructure and 
Mechanical Properties 
results from the last cycle of 
the standard thermal project 
need to be imported and 
manually mapped into the 
heat treatment project.
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HEAT TREATMENT STEPS DEFINITION

Heat Treatment Simulation

T6 Heat treatment steps

Sections allow to differentiate boundary 
conditions and simulate the casting 
sinking into the bath

3

Dummy mold properly sectioned to 
simulate immersion sequence into 

quenching bath. 

MAGMA International 
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Temperature 
History

HTC

Duration

HEAT TREATMENT STEPS DEFINITION

Heat Treatment Simulation

Temperature boundary condition (furnace and 
water bath)

Temperature dependent heat transfer coefficient 
between casting and environment

of each phase

3

For each phase of the treatment, the following must be specified:

From measured real data and reverse engineering work 
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MECHANICAL PROPERTIES EVOLUTION THROUGH HEAT 
TREATMENT – REAL VS SIMULATION

4
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SPECIMEN POSITION

Mechanical properties evolution through HT – Real vs Simulation
4
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EXAMPLE OF STRESS-STRAIN CURVE

33

4
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Mechanical properties evolution through HT – Real vs Simulation
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MECHANICAL PROPERTIES AS CAST

34

Yield Strength F Result

4
Measured

values
Simulated

values

YIELD STRENGTH 
AS CAST

Mechanical properties evolution through HT – Real vs Simulation

MAGMA International 
User Meeting 2024

Simulation results based on Magma output 
Yield Strength F slightly underestimate (-7%) 

real values
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MECHANICAL PROPERTIES AFTER QUENCH

Measured and simulated mechanical properties comparison

Simulation ≈ -16%  than specimen measures

YS_P9 – Second Aging Step

4

Measured
values

Simulated
values

YIELD STRENGTH 
AFTER QUENCH

Beta 6.0.1
Release
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MECHANICAL PROPERTIES AFTER AGING

Measured and simulated mechanical properties comparison

YS_P9– Last Aging Step 

4

Measured
values

Simulated
values

YIELD STRENGTH 
AFTER AGING

Beta 6.0.1
Release

Simulation comparable to real data
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Measured and simulated mechanical properties comparison
4
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MEASURED SIMULATED

Good matching simulation - reality
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Mechanical properties evolution through T6 heat treatment

38
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Conclusion

39
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Any questions?
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