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Case Study #4 Engine Starter Motor

The drive end housingmust respect high surface quality and strict dimensionaltolerancesas it must
preciselyjoin the starter electricmotor, the solenoid,the actuatingarm andthe pinion.

Dueto highthermo-mechanicaktresscracksare formed in the actuatingarm area,whichis not furtherly
machined,and maintenanceby 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 ANSYMECHANICAL
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Usingthe real data acquiredduring the processc e.g., cycletimes, flow rates and temperaturesof the
cooling system,sprayingparametersand mold cleaning,thermal images¢ we set up the ThermalDie
CyclingMlodel with FLOW3D CAST

In this way we were able to obtain a virtual model of the real temperaturesof the cavityand predict the
evolution
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Onceobtainedthe temperature mapsat different castingphasesdrom FLOW3D CASTwe are ableto import
this datainto the FEMmodel of the die.

The material properties, constraints and loads are set in ANSYSMECHANICA&Nd thermo-mechanical
simulationis started, soit is possibleto obtainthe resultsfor stressand deformationof the die.

Finally,usingthe & F I GiAZ3AASPpossibleto estimatethe fatigue life of the die and to know when the
cracksstart.
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ThisVideo showsthe developmentand distribution of mechanicalstressesduring mold heatingdue to
castsolidification
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The aim of the study is to determine the reliability of the simulation model so that it can be applied
predictively Consequentiythe FEMsoftware simulatesthe numberof cyclesuntil the requestedfailure.

Onthe right, the relation cyclegfatigue is shown Colourlegend red colouring= signsof fatigue already
startingfrom 500 cycles blue coloring=fatigue damagsefirst startingfrom from 100.000cycles

Shownon the left: Mold insertafter 1.000shots first fatigue cracksalreadypresent!
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Statusat following maintenancenterval.

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

Shownon the left: Mold insert after 18.000 shots fatigue cracksare presentin the correspondinggreen
areal
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Statusat following maintenanceinterval and comparisorwith our & ¥ | G0A23deSE

Onthe right, the relation cycles/fatigueis shown Colourlegend pale blue colouring= signsof fatigueto
be expectedstartingfrom 50.000cycles
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Shownon the left: Mold insertafter 57.000 shots fatigue crackshaveextendedto the correspondingpale
blue area!

)
DR | Sia™

www.formstampi.it © 2025 Form srtAllrightsreserved 8



g D
Q \
I, Y

ﬁ

2SR

5

{ )

www.formstampi.it

Statusat following maintenancenterval and comparisorwith our & F I (iiA2RdezSE

Onthe right, the relation cyclegfatigue is shown Colourlegend pale blue colouring= signsof fatigueto
be expectedin this areabetween50.000and 100.000cycles

Onthe left: Mold insertafter 97.000shots fatigue crackshavefurther extendedto surroundingareas

- N°of Cycles
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During the initial phase of the design of a new die it was possihlileitdlydevelopand make change®s
be evaluated with the use of FLG3ID CAST and ANSYS MECHANICAL inmpilepose them to our

customer.

1. Initial solution with monolithic
insert

2. Add asubinsert

3. Subinseris not passing
through

4. Move cooling nearer to the
hottest area of the insert
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Forall casest is possibleto comparethe numberof cyclesneededto start the damagepredictedby the
simulation After the simulationsit is clearthat the bestsolutionisto makethe sub-insertlessdeep(3).

ﬁ
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The solution A3 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

New Design finer surfacecrackesno ruptures. Area
will be first repairedby laserwelding
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Case Study #2 Console

In this secondcasestudywe will investigatethe influenceof the castedpart geometryand how this may
exposepossiblelacksin materialquality and/or heattreatment.

In this case,the thermomechanicaloadswere not examinedin the longterm for the servicelife of the
mold, but were regardedasthe direct causeof the earlierfailure of the maininsert

It isalargercomponentfor a smallseries,700x 250x 230mm in size

Courtesyof

FA Druckguss GmbH
Foundry Alliance Group
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The main insert moving side of this Die Casting Mold, NOT designed and produced by FORMSTAMPI
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 possit
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 el s bl chcamtats e s
determined which were not optimal, though still | — W i e

within Nadcarange

HigherHardenssraluesof up to 50HRGwvere found
despiteHT-certificate valuesof 46-48 HRC

Diagramsbelow show the relation between poor
microstructuresandtoughness

NADCA #207-2018
Heat Treatment Quality Microstructure Chart — “HS” Rating

(Al o Nital)
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Onthe backgroundwe must considerthat the quality of hot-work
tool steel and heat treatment may fluctuate within acceptable
rangeup to limit values hencethe questionarises

Which measuresare possiblein terms of mold or casted part
designto avoidsuchfailuresand generallyextendthe servicelife of
a Die Castingmold?

With help of structural simulation we can concretely and
effectively investigate the influence of any critical component
geometriesor of mold designon the relative strainand subsequent
localizedtensions
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COMPARISON CRACK ENUCLEATION/CASTED PART GEOBIETRY
Crackstartingfrom ejectorhole throughinsideedgewith r=1 mm

Lenghtca. 220 mm; Deptlpassingthrough

1,5012e8
1,3903e5 Min

Stress Anmalysis
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COMPARISON CRACK ENUCLEATION/CASTED PART GEOBIRTRY
Crackstartingfrom ejectorhole throughinsideedgewith r=1 mm

1,2e9

1,05e9
9,0003e8
7,5005e8
6,0007e8
4,50098
3,001e8
1,5012e8
1,3903e5 Min

Lenghtca. 170 mm; Depth: up to 10 mm

Stress Analysis
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COMPARISON CRACK ENUCLEATION/CASTED PART GRPOBIBTRY
Crackstartingfrom ejectorhole alongrib undersideedgewith r=1 mm (EDMerosion
machined

,05e9
9,00038
7,5005e8
6,0007e8
4,5009:8
3,001e8
1,5012e8
1,3903e5 Min

Lenghtca. 175 mm; Depth: n.a.

Stress Analysis

www.formstampi.it © 2025 Form srtAllrightsreserved



COMPARISON CRACK ENUCLEATION/CASTED PART GEBORIERTRY
Crackstartingfrom ejectorhole throughthin steelsection

Lenghtca. 120 mm; Depth: 15 mm

6,0007e8

il 4,5009e8

il 3,001e8
1,5012e8
1,3903e5 Min

Stress Analysis
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CASTED PART GEOMETER¥tingDesgn

-very small radiusesalong many geometriesand at the bottom of ribs as potential trigger to crack

enucleation
-deepenedejectordome meansathin sectionon the insertasa weakpoint.

N
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CASTED PART GEOMET®YmiIzation

-CastedPartmodificationswere discussedvith final customerandimplemented

iR, sectionsavoided

-in generalradiuseshavebeenincreasedespeciallyon critical spotsaneht

'FaiseoEjectordom
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INSERT DESIGN

Existingdesign New desigrg Twopieceinsert
- monolithicinsert -two-piece insert allows better distribution of
- Higherthermo-mechanicaktresses thermo-mechanicabktresses

-Casting SystemOptimization Volume reduced
by 409 enhancedcasting ratio, shorter cycle
time, reducedair entrapment
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VALIDATIONComparisorstructuralanalysideforeand afteroptimizationat POS1

POS 1 i BF Ay
BeforeModifications '/

Value: max = over
1870 Mpa

POS 1
After Modification

Value: 1200 Mpa

9,2119e+007
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Thediagramshowsthe max tensionvaluesat the four positionsinvestigatedbefore (in red) and after
(blue)optimization

TensionValuesat 200° servicetemperature
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Case Study #8 Structural Casting Chassis

Thisthird study investigatesa repeated mold failure in multiple die castingmolds in use for a large

volume project Fatigueand cracksoccurredvery earlyon a domeforminga rip geometryon a structural
casting (bossdimensions. 120x80x50).

Onthe table below the failure statisticsaccordingto the existingdesign(Index6) and after optimization
by FORMSTAMPIhdex7) with helpofoura ¥ | GUA2ZRdzSE

Date: 13-11-2024

OVERVIEW BROKEN BOSSES IC AND BEV DIES

Delivered IC L+R SUPPLIER INDEX LEFT | RIGHT
100k #1.1 OTHER 6 no broken bosses
77k #2.1 OTHER 6
37k #3.1 OTHER 6
70k #4.1 OTHER 6
34k #5.1 OTHER 6
Ok #1.2 7

39k no broken bosses

0k

Delivered| BEV L+R SUPPLIER INDEX
67k #1.1 OTHER 6
23k #2.1 OTHER 6
14k #3.1 OTHER 6
3k #4.1 OTHER 6
6k #1.2 OTHER 7

no broken bosses
0Ok #2.2
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The thermal managementmodel of the die casting mold is developedand the thermo-mechanical
inducedstressexanbe simulatedwith useof AnsysMechanical

Mesh StructareFEMADalysis

20/02/2025 13:56

1,3224e9 Max
1e9

8,7501e8
7,5001e8
6,2502e8
5,0003e8
3,7503e8
2,500428

39,995 Min : 1,2504e8
51390 Min

TemperatureDistribution Tensionsacc VonMisesKriterium
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Figuresdepicting Insert failure - structuratmechanicalrepresentationof the stressdistribution shows
veryhighlocalizedvalues
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Fracture analysisshows smooth boundary areas'h thermal fatigue crackscorrespondingto the most
stressedareaasdisplayedby structuralsimulationresults

Crackenucleation/Craclkpropagation/Fatiguearea

4,0003e8
3,0003¢8 [
2,0004e8 ||

1,0004e8
51390 Min
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