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Steel Casting

 ¬ Robust solutions for steel casting 

 ¬ Methodical design of casting  
technology and process 

 ¬ Eliminate casting defects and  
optimize yield

 ¬ Prediction of microstructure and  
mechanical properties 

 ¬ Process knowledge through virtual  
experimentation

 ¬ Concrete solutions through  
automatic optimization



Optimize all aspects of steel casting production and find the best solution for your  
requirements - with MAGMASOFT® autonomous engineering

MAGMASOFT® is the comprehensive and powerful simulation 
software for all aspects of the design and improvement of 
steel casting quality, mold design and process robustness, 
ensuring optimal profitability. The focus is on your resources, 
time and costs.

With MAGMASOFT® you use simulations in an automated 
virtual Design of Experiments or genetic optimization. The  
result is Autonomous Engineering - systematic and fully  
automated decision making for your production conditions.

With Autonomous Engineering you can simultaneously pursue 
different quality and cost objectives. From securing product 
quality for new alloys, to the final design of gating and risering 
the mold and the continuous improvement of profitability in 
your production.

MAGMASOFT® autonomous engineering …

 ¬ supports you in the comprehensive prediction of product 
quality and a robust process layout for steel casting

 ¬ offers you a virtual test bed for the optimization of your 
productivity 

 ¬ enables you to make quick decisions and saves time for 
all parties involved

 ¬ allows proactive quality management by understanding 
process fluctuations

 ¬ improves communication and cooperation within your  
organization and with customers

Efficiency and highest quality in steel casting today demands maximum robustness and optimum process design. Develop innova-
tive steel castings holistically with MAGMASOFT® autonomous engineering and find the optimum solution for your requirements.

The realistic modelling of the entire process allows the assessment of the flow conditions during casting, solidification in the mold, 
subsequent unpacking of the part and subsequent heat treatment to adjust mechanical properties. 

MOLD FILLING
A robust and reproducible mold filling is an important prerequi-
site for avoiding defects. The layout of a gating system 
with MAGMASOFT® allows you to identify the root causes of 
possible defects, to understand them, and to eliminate them 
by systematically investigating the relevant process variables.

The systematic evaluation of the mold filling helps you to avoid 
flow related defects such as

 ¬ Slag, sand and reoxidation inclusions

 ¬ Entrapped air and gas bubbles

 ¬  Cold shuts and misruns 

 ¬ Mold erosion

Investigate impacts on the quality of mold filling through the 
systematic variation of

 ¬ Pattern plate layout

 ¬ Runner and gate dimensions 

 ¬ Pouring rates and filling times

CONVECTION AND SEGREGATION
MAGMASOFT® considers the flow behavior and the tempera-
ture distribution in the solidifying casting due to thermal and 
solutal convection.

Through coupling with a segregation model, the redistributio-

nof alloying elements and macro segregation in the ingot can 
be predicted.

Local alloy concentrations can thus be determined quantitati-
vely for different elements.

Prediction and evaluation of reoxidation inclusions Predicting under riser segregation

Robust, economical, 
fast, optimized

Set your objectives, define your variables, 
specify your criteria

Targeted and systematic success

The MAGMA APPROACH, which is fully integrated in  
MAGMASOFT®, is a systematic methodology for achieving  
your objectives using virtual experiments. In combination 
with MAGMASOFT® autonomous engineering, secured actions 
can be identified and implemented to achieve continuous im-
provements, without economic risks.

The MAGMA APPROACH supports you at every stage of the 
product development or improvement process, through a  
systematic methodology. The result is a robust casting process, 
which is optimally designed for the desired objectives and  
enables stable production conditions taking into account alloy 
chemistry, melting practice and metallurgy.

Mold filling for a turbine casing
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SOLIDIFICATION
During the solidification of steel castings, various process vari-
ables influence the quality of the casting, such as the compo-
sition of the material, riser, chill mold, isolating materials and 
contact sand or cores. MAGMASOFT® takes these process va-
riables into account when predicting casting defects such as

 ¬ Shrinkage pipe and porosity

 ¬ Core gas defects

 ¬ Surface quality

RESIDUAL STRESSES  
AND DISTORTION
The casting shrinks during cooling. Depending on the compo-
nent geometry and the mold stiffness, residual stresses build 
up in the casting. The detailed prediction of casting residual 
stresses and component distortion is seamlessly integrated 
into the virtual process chain. Examine important variables 
such as the shake-out time, the removal of the gating and fee-
ders or machining on possible cracks and the dimensional ac-
curacy of the casting.

HEAT TREATMENT
Heat treatment is typically a requirement for all steel gra-
des. MAGMASOFT® takes into account all the process steps 
in heat treatment, from heating and austenitization to quen-
ching, tempering and further cooling to room temperature. Op-
timize your heat treatment by optimizing

 ¬  Austenitization times and temperatures

 ¬ Conditions for quenching and tempering

 ¬ Microstructure after heat treatmentPorosity

Burn-on real casting and prediction

Interactively evaluate virtual DoE’s 

Hot tear: Prediction and real defects Comparison of measured and calculated distortions 

Comprehensive consideration of thermal and stress sequence 
during heat treatment

Virtual experiments: Calculated fraction Martensite as a function of %C for different  quenching media

DESIGN OF GATING  
AND RISERING 
MAGMASOFT® supports you in the design, evaluation and effi-
cient design of your casting processes with integrated possibi-
lities to statistically evaluate the virtual experiments. This allows 
you to identify robust process windows and find optimal opera-
ting points autonomously. The requirement for high product 
quality at the lowest possible cost is thus reliably guaranteed 
for the steel casting process.

Use different capabilities for automatic variation of geometries to

 ¬ Exchange imported CAD geometries

 ¬ Use parametric geometries from the MAGMASOFT® data-
base

 ¬ Move geometries on surfaces or along trajectories

Optimize:

 ¬  Local thermal modulus

 ¬ Solidification path and hot spots 

 ¬ Feeding patterns

 ¬ Macro- and micro porosity
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ASSISTED MODELLING 
Use the practice-oriented visualization of all relevant process 
steps for optimization of the entire process.

Versatile wizards and convenient CAD functions support you in 
targeted and effective model preparation and enable a short 
time to answer with minimum effort.

 ¬ Calculation of the flow from the plug ladle and the ladle 
discharge characteristic 

 ¬ Determination of the local thermal module for the feeder 
dimensioning 

 ¬ Determination of volume and weight of the casting, machi-
ning allowances, gating and risering systems, mold, cores 
and chills 

 ¬ Key figures for the sand/metal ratio, yield and fettling de-
mands

Outflow from the bottom pour ladle - calculated from ladle geometry 
and current melt quantity

Determination of robust process conditions, here: Cold run tendency for different casting temperatures and typical  
process fluctuations

Work efficiently and systematically
Your time is limited! That makes it all the more important to methodically and efficiently use all the possibilities in the  
comprehensive toolbox MAGMASOFT® offers to achieve your goals.

Act & Check your improvements
Success is more than software and hardware. MAGMA’s professional team is ready to comprehensively support you in realizing 
your goals. You can take advantage of the services of our MAGMAacademy, engineering and support teams, when and how it 
suits you and all from a single source.

IMPLEMENTATION
All MAGMASOFT® programs are more than just software. They 
offer a methodology for optimizing engineering, communication 
and profitability in your organization.

Even before starting with our software, we will take the time to 
discuss with you the most important factors to ensure an effec-
tive and secured use of our tools based on your situation: from 
the required computer hardware through the qualification and 
training of users, to jointly defining objectives regarding where 
you want to be in the next year. 

Whether you are a new customer or a long-time user of our 
software - we have plans with you!

MAGMA SUPPORT
MAGMA Support stands for the competent, methodical and 
fast support of our customers worldwide regarding all ques-
tions in the application of and problem solving with our pro-
ducts. With the MAGMA APPROACH, our qualified support 
staff will help you to make better use of our software every day.

MAGMA ACADEMY
The MAGMAacademy systematically supports you in the imple-
mentation of casting process and virtual optimization, from the 
initial roll-out to the comprehensive application of Autonomous 
Engineering throughout the entire organization. 

In our training courses, workshops and seminars, we convey 
interdisciplinary understanding across all processes and de-
partments for the best possible use of MAGMASOFT® - con-
ducted at our offices or through a customized solution on-site.

MAGMA ENGINEERING
As an independent and competent partner, MAGMA Enginee-
ring supports a successful virtual product development, tooling 
design and optimization of your robust foundry processes with- 
in the framework of engineering projects. 

An interdisciplinary and international team of experts, with nu-
merous years of casting expertise, is available to work with you 
using MAGMASOFT® autonomous engineering to address your 
challenges.

OPTIMIZATION AND ROBUST PROCESSES
MAGMASOFT® offers extensive capabilities for virtual Designs of 
Experiments and optimization. This enables the analysis of pro-
cess windows without economical or production risks. In additi-
on to optimizing the casting layout, numerous process variables 
can be analyzed for setting robust manufacturing conditions.

Determine the influence of process fluctuations on the solidifi-
cation behavior of your castings through systematic Designs of 
Experiments. With MAGMASOFT® autonomous engineering you 
can quantitatively evaluate main effects and correlations, and 
determine concrete actions for your production even before the 
first casting has been made. 

Comprehensive statistical evaluation methods support you in 
determining optimal conditions for

 ¬ The casting optimization with regard to surface quality and 
segregation

 ¬ Avoidance of critical phases during the cooling process

 ¬ Heat treatment that conserves resources and is tailored to 
the desired microstructure distribution and required me-
chanical properties

Variation of gating
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Statistical evaluation of inclusions for different gating designs
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MAGMA Gießereitechnologie Gesellschaft für Gießerei-, Simulations- und Regeltechnik mbH 
Kackertstr. 11 | 52072 Aachen | Tel.: +49  241 88 90 1-0 | Fax: +49 241 889 01-60

FAST 
OR GOOD

MAGMA stands worldwide for innovative solutions for castings 
and for reliable partnerships with the metal casting industry, in-
cluding casting designers and consumers.

MAGMASOFT® autonomous engineering supports you in the 
design of optimized, robust and profitable solutions in product 
planning, tooling design and series production.

With the MAGMA APPROACH and our customer support, en-
gineering and MAGMAacademy services, we offer a compre-
hensive methodology for the implementation and effective use 
of MAGMASOFT® in your company.

That is how we ensure you achieve clear cost and competitive 
advantages for your objectives.


