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Casting is a complex manufacturing process that involves many critical variables. 
Multiple aspects have to be considered simultaneously, so that in the end you can 
deliver a high value product. From design to production, process steps and 
parameters need to be systematically optimized and validated to minimize production 
risks. 

To produce permanent mold or light metal sand castings with reproducible quality in 
an economical manufacturing process, foundry engineers have to use their expertise 
to optimize the casting processes: Micro-porosity and shrinkage cavities have to be 
avoided, the formation of local microstructures have to be predicted reliably and the 
mechanical properties have to be quantified in the as-cast state or after heat 
treatment. Casting process simulation is the answer to these challenges and the key 
to realizing the full potential of light metals. 
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Reliable Decisions: Simulation in Non-Ferrous Casting 

 

 

King Mongkol University 
(Bangmod) 

MAGMA is glad to inform that we 
issued the first MAGMA Academic 
License in King Mongkut 
University. MAGMA will be part of 
the curriculum for foundry 
students. The knowledge the 
students gain will serve the entire 
foundry industries in Thailand. We 
wish all of them the best in 
exploring the “virtual” world of 
casting simulation.  

 

 

  

 

 

 

 

 

 

 

What’s new?  

In non-ferrous castings, optimization by understanding entails: 

 Realistic and detailed mapping of all process 
steps 

 Faster and more robust layout of in-gates 
and runner dimensions, as well as vents,  
risers, chills and other feeding aids 

 Optimization of the filling process to 
provide a controlled flow 

 Reduction of quality-related expenses by 
avoiding casting defects that arise from mis-
runs, oxide and slag entrainment, gas porosity, 
and shrinkage 

 Reduction of cycle times by optimization of 
cooling circuits 

 

 

 

 Reduction of reduces manufacturing 
risks by assessing the influence of the 
metallurgical treatment and composition of 
the melt on casting quality 

 Reduction of die costs by evaluating the 
mold design with regard to the lifetime of 
the mold 

 Minimization of start up costs caused by 
modifying gating, riser, and process layouts 

 Prevention of straightening costs 
through adjustment of cooling conditions, 
quenching, gate and riser cut off and heat 
treatment 
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MAGMA5, MAGMAlpdc, MAGMApermanent mold and other task-specific modules: 

 Offer extensive possibilities to simulate nonferrous casting 
processes in a realistic and reliable way. Among these are: 

 Comprehensive process mapping of low 
pressure die casting, permanent mold casting, 
tilt casting, rotacaster and roll-over processes 
in simulation 

 Filling and pouring from ladles and automatic 
pouring furnaces 

 Consideration of pressure conditions during 
filling and solidification for in low pressure die 
castings 

 Consideration of melt surface tension and 
fluidity as well as venting 

 Calculation of air flow through cores, as well as 
consideration of vents in sand and permanent 
molds 

 Assessment of porosities, oxide and slag 
inclusions 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 In-situ process control with time- or 
temperature-controlled regulation of 
heating and cooling system, mold open 
and quenching in the simulation 

 Consideration of actual melt composition, 
melt treatment, grain refinement and 
hydrogen content and their impact on 
casting quality 

 Prediction of local microstructures and 
mechanical properties 

 Crack prediction, stress and distortion of 
the casting during solidification shake-out, 
after removal of the gating and risering, as 
well as during subsequent cooling and 
machining processes 

 Prediction of casting stresses and 
distortion during quenching and heat 
treatment 

 Consideration of mold stresses including 
mold life time assessment 

 

 

 

Process chart in MAGMA5: Example of a non-

ferrous casting 
Prediction of structures and properties 

 
Quantitative prediction of mechanical properties of aluminum castings 
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Ship Propellers from Waren on Lake Müritz 

The propeller is a most important 
“appendage” on a ship. As the 
decisive connection between the 
power of the main engine and the 
water, it has to push a ship across 
the seas as quickly as possible. The 
propeller of a big container vessel 
rotates approximately 140.000 times 
per day and has to do its job reliably 
over a long period and under most 
difficult conditions. 

Mecklenburger Metallguss GmbH 
(MMG) from the German city Waren 
on lake Müritz manufactures 
propellers for all categories and 
dimensions of ships. These are for 
instance container ships, VLCC 
(Very Large Crude Carrier), LNG 
(Liquefied Natural Gas) carriers and 
special propellers for the naval 
applications. The company occupies 
a top position among the world’s 
leading propeller manufacturers. 
Among others, they designed and 
produced the propeller for the largest 
double-hull tanker, the largest 
container ship and the world’s fastest 
container ship. The basis for casting 
production in Waren was laid with 
the establishment of a machine 
factory and iron foundry in 1875. 

 

Ship propeller production began in 
1948, and today the company can 
look back on more than 60 years of 
experience in the design and 
production of propellers. MMG has 
continuously adapted to the 
increasing demands of the market 
with extensive investments and to-
date possesses the most modern 
plant for the production of ship 
propellers.  As part of the company’s 
continual advancement, they 
introduced MAGMASOFT   ® in early 
2008. 

The simulation of the solidification 
process provides a powerful tool for 
checking the feeding behavior and 
optimizing riser volumes, especially 
for fixed propellers that have a 
diameter of up to 11.3 meters and a 
finished weight of up to 150 tons. 
MMG attaches great importance to 
the simulation of mold filling. The 
alloy used for the propellers, an 
aluminum-nickel bronze, has a 
strong tendency to form an oxide film 
when it is in contact with air. 
Therefore, it is essential that the 
mold is filled with a minimum of air 
contact in order to produce high 
quality castings. 

Using casting simulation, the local 
contact time between the melt and the 
air can be evaluated by using the 
filling criterion “air contact”. Areas of 
the melt that show a high value of this 
criterion had the longest opportunity to 
form oxide films. The design of the 
rigging system, therefore, has a 
decisive impact on the quality of the 
propeller.  
 
For the propeller of a bulk carrier, 
various versions of the rigging system 
were created in CAD and then 
evaluated by means of simulation. 
Through the optimization of the runner 
it was possible to dramatically reduce 
the calculated air contact time of the 
melt in the blades during mold filling. 
At the same time, the duration of mold 
filling could be kept constant. These 
results can also easily be applied to 
other propeller types. This was 
confirmed by the first comparative 
simulations of the mold filling of a 
container ship’s propeller.   

 

 

 

 

The propeller of the world’s largest container ship, here during the lift test 

with the drive shaft, has a diameter of 9.6 meters and a finished weight of 

more than 130 tons. 

By optimizing the rigging system (right), the 

air contact time of the melt during mold filling 

was reduced compared to the original 

design (left) 
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M5 Engineering provides the following services: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contact us for more 
information: 
0884911841  

Line ID: magmasoft 

 

 

  


