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Case Study #1 ςEngine Starter Motor

The drive end housingmust respecthigh surfacequality and strict dimensionaltolerancesas it must
preciselyjoin the starterelectricmotor, the solenoid,the actuatingarmandthe pinion.

Dueto high thermo-mechanicalstresscracksare formed in the actuatingarm area,which is not furtherly
machined,andmaintenanceby TIGand/or laserweldingis requiredduringthe lifetime of the die.

Toreduceproductiondowntime,maintenancecostsandimprovethe service life of our die we carriedout
thermo-mechanicalsimulationsalready during the early designstagesof a new project using a well-
knownFEMsoftware: ANSYSMECHANICAL.
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Usingthe real data acquiredduring the processςe.g., cycletimes, flow rates and temperaturesof the
coolingsystem,sprayingparametersand mold cleaning,thermal imagesςwe set up the ThermalDie
CyclingModel with FLOW-3DCAST.

In this waywe were able to obtain a virtual modelof the real temperaturesof the cavityandpredict the
evolution.
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Onceobtainedthe temperaturemapsat different castingphasesfrom FLOW-3DCAST,we areableto import
this datainto the FEMmodelof the die.

The material properties, constraints and loads are set in ANSYSMECHANICALand thermo-mechanical
simulationisstarted,soit ispossibleto obtain the resultsfor stressanddeformationof the die.

Finally,usingtheάŦŀǘƛƎǳŜǘƻƻƭέit is possibleto estimatethe fatigue life of the die and to know when the
cracksstart.
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ThisVideoshowsthe developmentand distribution of mechanicalstressesduring mold heatingdue to
castsolidification
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The aim of the study is to determine the reliability of the simulationmodel so that it can be applied
predictively. Consequently,the FEMsoftwaresimulatesthe numberof cyclesuntil the requestedfailure.

Onthe right, the relation cycles/fatigue is shown. Colourlegend: red colouring= signsof fatiguealready
startingfrom 500cycles; bluecoloring= fatiguedamagefirst startingfrom from 100.000cycles.

Shownon the left: Mold insertafter 1.000shots, first fatiguecracksalreadypresent!

N° of Cycles
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Statusat followingmaintenanceinterval.

Onthe right, the relation cycles/fatigueis shown. Colourlegend: greencolouring= signsof fatigueto be
expectedstartingfrom 10.000cycles.

Shownon the left: Mold insert after 18.000shots, fatiguecracksare presentin the correspondinggreen
area!

N° of Cycles
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Statusat followingmaintenanceintervalandcomparisonwith ourάŦŀǘƛƎǳŜǘƻƻƭέ

Onthe right, the relation cycles/fatigueis shown. Colourlegend: paleblue colouring= signsof fatigueto
be expectedstartingfrom 50.000cycles.

Shownon the left: Mold insertafter 57.000shots, fatiguecrackshaveextendedto the correspondingpale
bluearea!

N° of Cycles
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Statusat followingmaintenanceintervalandcomparisonwith ourάŦŀǘƛƎǳŜǘƻƻƭέ

Onthe right, the relation cycles/fatigue is shown. Colourlegend: paleblue colouring= signsof fatigueto
be expectedin this areabetween50.000and100.000cycles.

Onthe left: Mold insertafter 97.000shots, fatiguecrackshavefurther extendedto surroundingareas.

N° of Cycles
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3 4

1. Initial solution with monolithic 
insert

2. Add a subinsert

3. Subinsertis not passing 
through

4. Move cooling nearer to the 
hottest area of the insert

During the initial phase of the design of a new die it was possible to quickly developand make changes to 
be evaluated with the use of FLOW-3D CAST and ANSYS MECHANICAL in order to propose them to our 
customer.
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Forall casesit is possibleto comparethe numberof cyclesneededto start the damagepredictedby the
simulation. After the simulationsit isclearthat the bestsolutionis to makethe sub-insert lessdeep(3).

1 2

3 4

N° of Cycles

1. Initial solution with monolithic 
insert

2. Add a subinsert

3. Subinsertis not passing 
through

4. Move cooling nearer to the 
hottest area of the insert
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The solution nÁ3 was implemented into the design of a new die Casting tool for a most similar part.

Old design Optimized insert design
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Old desing: deep cracksand ruptures on the insert
require frequent and more extensiverepair work.
Areahadalreadybeenpreviouslywelded.

Casted part quality comparison at 50.000 shots

NewDesign: finer surfacecrackes, no ruptures. Area
will be first repairedby laserwelding.
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Case Study #2 ςConsole
In this secondcasestudywe will investigatethe influenceof the castedpart geometryandhow this may
exposepossiblelacksin materialqualityand/or heat treatment.

In this case,the thermomechanicalloadswere not examinedin the long term for the servicelife of the
mold, but were regardedasthe direct causeof the earlierfailureof the maininsert.

It isa largercomponentfor a smallseries,700x 250x 230mm in size.

Courtesy of
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The main insert moving side of this Die Casting Mold, NOT designed and produced by FORMSTAMPI, has 
cracked in several areas as soon as after 200 shots production.

After being commissioned for the production of a new mold insert, we first wanted to investigate possible 
weaknesses in design and material.
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Some among many critical aspects have been considered for structural analysis.
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According to material tests values have been 
determined which were not optimal, though still 
within Nadca range.

Higher Hardenss values of up to 50HRC were found 
despite HT-certificate values of 46-48 HRC.

Diagrams below show the relation between poor 
microstructures and toughness.
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On the background we must consider that the quality of hot-work 
tool steel and heat treatment may fluctuate within acceptable 
range up to limit values, hence the question arises:

Which measures are possible in terms of mold or casted part 
design to avoid such failures and generally extend the service life of 
a Die Casting mold?

With help of structural simulation we can concretely and 
effectively investigate the influence of any critical component 
geometries or of mold design on the relative strain and subsequent 
localized tensions.
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r=1 
mm

Magnetic Particle Testing Stress AnalysisPart GeometryFailure area

COMPARISON CRACK ENUCLEATION/CASTED PART GEOMETRY ς POS 1
Crack starting from ejector hole through inside edge with r=1 mm

Lenght ca. 220 mm; Depth: passing-through
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r=1 mm

COMPARISON CRACK ENUCLEATION/CASTED PART GEOMETRY ς POS 2
Crack starting from ejector hole through inside edge with r=1 mm

Lenght ca. 170 mm; Depth: up to 10 mm

Magnetic Particle Testing Stress AnalysisPart GeometryFailure area
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r=1 mm

COMPARISON CRACK ENUCLEATION/CASTED PART GEOMETRY ς POS 3
Crack starting from ejector hole along rib underside edge with r=1 mm (EDM-erosion 
machined)

Lenght ca. 175 mm; Depth: n.a.

Magnetic Particle Testing Stress AnalysisPart GeometryFailure area
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COMPARISON CRACK ENUCLEATION/CASTED PART GEOMETRY ς POS 4
Crack starting from ejector hole through thin steel section

Lenght ca. 120 mm; Depth: 15 mm

Magnetic Particle Testing Stress AnalysisPart GeometryFailure area
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r=1  mm

r=0,5  mm

r=1  mm

r=1  mm

Deepened Ejector 
Dome

CASTED PART GEOMETRY ς Existing Design
 -very small radiuses along many geometries and at the bottom of ribs as potential trigger to crack 
enucleation.
-deepened ejector dome means a thin section on the insert as a weak point.
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r=3  mm

r=1  mm

r=1,5  mm

r=3  mm
Raised Ejector dome

CASTED PART GEOMETRY - Optimization
 -Casted Part modifications were discussed with final customer and implemented.

-in general radiuses have been increased especially on critical spots and thin sections avoided.
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INSERT DESIGN 

25

Existing design

-two-piece insert allows better distribution of 
thermo-mechanical stresses.
-Casting System Optimization: Volume reduced 
by 40%, enhanced casting ratio, shorter cycle 
time, reduced air entrapment.

- monolithic insert
- Higher thermo-mechanical stresses

New design ς Two piece insert
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POS 1
Before Modifications

Value: max = over 
1870 Mpa

POS 1
After Modification

Value: 1200 Mpa

VALIDATION: Comparison structural analysis before and after optimization at POS1
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The diagram shows the max. tension values at the four positions investigated before (in red) and after 
(blue) optimization.
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Date: 13-11-2024

OVERVIEW BROKEN BOSSES IC AND BEV DIES

Delivered IC L+R SUPPLIER INDEX LEFT RIGHT

100k #1.1 OTHER 6

77k #2.1 OTHER 6

37k #3.1 OTHER 6

70k #4.1 OTHER 6

34k #5.1 OTHER 6

0k #1.2 FORMSTAMPI 7

39k #3.2 FORMSTAMPI 7

0k #4.2 FORMSTAMPI 7

Delivered BEV L+R SUPPLIER INDEX LEFT RIGHT

67k #1.1 OTHER 6

23k #2.1 OTHER 6 BROKEN BOSSES starting from 3k shots

14k #3.1 OTHER 6

3k #4.1 OTHER 6

6k #1.2 OTHER 7

0k #2.2 FORMSTAMPI 7

no broken bosses

BROKEN BOSSES starting from 3k shots

no broken bosses

no broken bosses

Case Study #3 ςStructural Casting Chassis
This third study investigatesa repeated mold failure in multiple die castingmolds in use for a large-
volumeproject. Fatigueandcracksoccurredveryearlyon a domeforminga rip geometryon a structural
casting. (bossdimensions: 120x80x50).

On the table below the failure statisticsaccordingto the existingdesign(Index6) and after optimization
by FORMSTAMPI(Index7) with helpof ourάŦŀǘƛƎǳŜǘƻƻƭέ.

28
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Anheterogeneoustemperaturedistributioncausesunevenstrainsandconsequentlymaterialstresses.

Tensionsacc. VonMisesKriterium

29

MeshStructureFEM-Analysis

The thermal managementmodel of the die casting mold is developed and the thermo-mechanical
inducedstressescanbe simulatedwith useof AnsysMechanical.

TemperatureDistribution
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Figuresdepicting Insert failure - structural-mechanicalrepresentationof the stressdistribution shows
veryhighlocalizedvalues.

30
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Fractureanalysisshowssmooth boundaryareasҦ thermal fatigue crackscorrespondingto the most
stressedareaasdisplayedby structuralsimulationresults.

Crackenucleation/Crackpropagation/Fatiguearea

31


