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MAGMAStress

Sand casting

Standard“ Simulation Additional functionality
Simulation of the evolution of Hot distortion of cores, this option can be Evolution of stresses in chills or

residual stress in an complete used separatly dies in ingot casting down to

castir?g process base.d. upon Buoyancy (cores), this option can only be ambient temperature
SPECITic pracess conditions in used in combination with ,Hot distortion* Quenching without the heat

an casting according to our : : . treatment module
. Options can be included in an complete ) L
recommandation P Load case simulation like in the

standard simulation or it is also possible
. : . : FEM world

to define an simulation which stops after (This simulations are tricky

an defined time or temperature (not am because the definition of this
Standard“ Simulation ambient. temperaturg) _ . type of simulation is not obvious)

With/whitout ,Machining“ step(s) Depending on the simulation objective

special simulation settings (mechanical

boundaries) are necessary
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The ,,Workflow*

The ,,Perspectives® — Your guide for the definition
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Geometry Perspective

Preparation — What is important to keep in mind

- From a principal point of view there is

B o no need to prepare ,something” for a

o . stress simulation

l@ ) - - -

® But it is still recommended to

E minimize the calculation time

D

2 The size of this additional mold

E, depends on the other geometries

o

A It could also be a good idea to split
geometries (for example the
o - ,Runner) to minimize the other ,Cast

B materials“ which constrain the
i casting during the process
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Mesh Perspective

The mesh

= We still need a good mesh

' STAHLRING/02 (read only) ~ Sand Mold Casting, Steel ~ MAGMASOFT 6.0 Patch 4

File View Tools Info Window Help [

(8] Results X = B Result
Gl | Rt o,
~ [ Mesh Generation "
l@ Materials [I 4
‘‘‘‘‘‘‘ (%) Mesh Quality
@ Fill Tracer @
Mesh v [ Element AspectR:
est [ Element AspectRatio o
=§ Element AspectRatio
ol
Definion
2)
Optimization
101100
‘‘‘‘‘‘‘‘‘‘
ssssssssss
Resut
Ad
=]
Measurement
T
,
vo@

Geometry

Mesh

X = H

e - |n this case a ,Cutbox” could be

easily used

8080008880
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- A mesh is always a ,,compromise*

- A ,Cutbox” is also a good idea if a finer
mesh is needed

- A ,Cutbox” is also possible if the
geometry is not symmetric!
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Definition Perspective

Material data

I STAHLRING/V02 — Sand Mold Casting, Steel - MAGMASOFT 6.0 Patch 4
File Edit Tools Info Window Help )

Definitions x =2 = B Result Geometry Mesh. Material Definitions X = Measurement

Temperature (C) | Feeding Effectivity (%) | Steel Composition

2
©

Cast Alloy IMAGMA.'Gsanns ‘i 16200 300 Al (Aluminum) 00
C (Carbon) 02
Co (Cabal) 0o
Cr (Chromium) 03
Cu (Copper) 00
Mn (Manganese) 12t
Mo (Molybdenum) 0.0
Ni (Nickel) 00
P (Phosphorus) o
S (Suffur) on
i (silicon) 04t
i (Titanium) 00
V (Vanadiuem) 00
W (Tungsten) 00
Material [Mat 1D |Database/Filename |Initial Temperature (°C)
v Sand Mold
pSandMold D1l MAGMA/Furan 200
pSandMold  Stress MAGMA/Furan_dp 200
Material | - . Temperature (C) |
> Core MAGMA/Furan_dp 200
Material [Mat 1D |Database/Filename |Initial Temperature (°C) |
> Sleeve MAGMA/Sleeve 200
Material [Mat1D [Database/Filename |initial Ternperature (°C) |
> chill MAGMA/GIL-15D 200
>
Problems X a
Description R

11.10.2024

Data sets from MAGMADB are a
good bases for a simulation

Never the less updated data are
always better, especially in case of
core and mold data sets

Maybe measurements of thermo-
phyiscal and thermo- mechanical
data could improve the simulation
accuracy

An inverse optimization to determine
better data could be the first step
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Definition Perspective

Process parameters

I STAHLRING/v02 — Sand Mold Casting, Steel - MAGMASOFT 6.0)
File Edit Tools Info Window Help )

=2EBE=8

Alternative

11.10.2024

- Knowledge about the process is

8 Material Definitions
r_' Heat Transfer Definitions

v | Casting Process

g Effectivity (%) _|Steel Composition

hd Preparation
Coating
hd Pouring
Tilt
v = solidification & Cooling |\
Rollover
Active Feeding

300 Al (Aluminum)
C (Carbon)
Co (Cobalt)
Cr (Chromium)

ce)
Mo (Molybdenum)
Ni (Nickel)

P (Phosphorus)
S (Sulfur)

i (Silicon)

i (Titanium)

Top Off Feeders

Shake Out

Remoying Casting System

Quendping

Treatment afffer Casting

Machining after Casting

Heat Treatment
Machining after Heat Treatment

'. Stress Material Selection

mandatory

- We have to ,,squeeze* the real
process into the simulation, it means
there is the real process and there a
settings which have an effect on the
simulation run

T~ ,Stop*“ criterion*

\ - M
= Removal of the.gatlng system, mold
and core materials

(%) Result Definitions

|||||||

ﬁ¢ Simulation Settings
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Definition Perspective

Results

I STAHLRING/V02 — Sand Mold Casting, Steel - MAGMASOFT 6.0 Patch 4
File Edit Tools Info Window Help )

e s a

Result Packages

¥ mfe Casting Process

o stress Resuks
4@ Criteris snd Cumulative Results

v Solidification & Cooling

o2 stress Resuits

& Criteria and Cumulative Resuits
. Teatment sfter Casting
B User Result Definitions
W, Result Preparation

o2 Results Dependent on Process Progress

@ Results Dependent an Process Progress

0 % to 100.0 % every 20 % Condltlons

max. temp. in Cast Alloy Materials falls below Ambient Temperature

max. temp. in Casting ID 1 falls below 100.0 *C, 1500 *C, 200.0 *C, 250.0 *C}

M Begin of Solidification & Cooling

M. End of Solidification & Cooling

11.10.2024

| Forum “MAGMAstress Sand”| International MAGMA User Meeting 2024 | Frankfurt

All necessary results predefinded

In case of an hot tear only two
additional results are necessary

The three standard conditions are
also predefined

Sometimes it is useful to change or
add the conditons, in this case
results down to 100°C are ordered
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Definition Perspective

Results

I STRHLRING/v02 — Sand Mold Casting,

Steel - MAGMASOFT 6.0 Patch 4

File Edit Tools Info Window Help o)

quququququ

ERmE s B e

tions | Result Packages

it ¥ | Casting Process

o stress Resuks
4@ Criteris snd Cumulative Results

v Solidification & Cooling

o2 Results Dependent on Process Progress

@ Results Dependent an Process Progress

trai Rate
fechanical Strain Rate
v Percent Solidified
%o from 0.0 %o 100.0 % every 20 % Condltlons
ime

M Begin of Solidification & Cooling

M. End of Solidification & Cooling

Problems X
Description  Resource

11.10.2024

- The conditions have an impact on the
simulation run, for example it could
be an good idea to stop the stress
simulation when a casting is
solidified. In such a case just delete
the two , Temperature® conditions and
the simulation stops at 100% of
solidification.

- This could be useful in for an ,Hot
Tear“-Simulation or a simulation to
get the core distortion

| Forum “MAGMAstress Sand”| International MAGMA User Meeting 2024 | Frankfurt G
TSR,



Definition Perspective — other ,,Objectives®

Core deformation — Another objective

O —— x - Aseparate simulation to look a the

Material Selection for Stress Calculati

s B deformation of a core could useful
File Edit Tools Info Window Help

-
D Definitions x =2 =8 = =8
Consider contact P H . ““
E Material [Mat D [Database/Filename [Stress | o = TOday th IS IS an Other ,,ObJeCtlve
~ Cast Alloy MAGMA/GS20MnS5 =
v Casting 03

A complete simulation which includes

~ Casting System

©
=
g
d

e B the core deformation is not useful
e 0 : due to technical limitations
Material [MatiD [ Database/Filename |stress |Deformable | o

- T | = Inthis case it is hot necessary to run

#Sand Mold Stress  MAGMA/Furan_dp . .
the stress simulation down to room
~ Core
BCore D1 MAGMA/Fura — |
W Core D2 MAGMASF [ temperature'
Material [Mat1D | Database/| e |Stress | Deformable |
~ Sleeve
#Sleeve D1 MAGMA/Sleeve N
Material |Mat\D ‘Databasefﬁlaname |Strass |Deformab\a ‘
~ Chill e
@ Chil D1 MAGMA/GIL-150
@ Boundaries Cancel
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Definition Perspective — other ,,Objectives®

Heat treatment —its a playground

- Technically a ,combined®, expected

18 STAHLRING/02 — Sand Mold Casting, Steel ~ MAGMASOFT 6.0 Patch 4 - o x S I m u I atl O n (< :astl n g + H e at tre atm e nt)
File Edit Tools Info Window Help [
D Definitions X, =2 = B Result Geometry Mesh. Material Definitions X = Measurement =8 iS OSSi b | e b ut it iS n Ot i n al I CaSeS
Project 8 Material Definitions Material |Mat D |Database/Filename |Initial Temperature (C) | Feeding Effectivity (%) |Steel Composition p ]
[ Heat Transfer Definitions > Cast Alloy MAGMA/GS20Mns. 1630.0 300 Al (Aluminum) 00
l@ ¥ =je CastingProcess C (Carbon) 02 real I u Sefu I
GEORClH v Preparation Co (Cobalt) 00 y
@ Costing Cr (Chromium) 03
Mesh v Pouring Ere=) @
Tt Mn (Manganese) 12
Definition v Solidification & Cooling Ni (Nickel a N N
® Follover - Heat treatment — Independent, separate heat treatment simulation
Active Feeding
optimization eFeedng S (Sulfur) o0
Top Off Feeders i (Silicon) 0
10100 Shake Out i (Titanium) 00
Simulation Removing Casting System V (Vanadium) 00
l'& Quenching W (Tungsten) 00
Assesment |~ du Trestment ster Casting Material |Mst1D [Database/Filename |lnitial Temperature (°C) "!em:hm onl " Hleﬂh ‘Su BO X Ad nal functiona
. YRR CEan without .. Support A simulation with gravity and temperature Usage of results from an previous
E . Hest Treatment gSondMold D1 MAGMA/Furan 00 A 5'";:‘3“0” ‘V’V'L;”O';ld r:asSng swfmulztltf:n ' |
Machining after Heot Treatment sSndMold  Stess  MAGMA/Furan dp 20 Qravily, purely bas Support Rigid* se of an deformed geometry
Ad - - upon temperatures Lotiigid. and /or
ag aterial [Mat 1D |Database/Filename |Initial Temperature (°C) | < X
T~ > Core MAGMA/Furan_dp 200 Mapping of siresses, strains and
B, malstion Sett Material [Mat 1D |Database/Filename |Initial Temperature (°C) | ) ) Support ,Deformable” i
i Simulstion Settings Y e MAGMA/Sleeve 00 ) _ Simulation condition
Materal [MstiD_|patabsse/Fiename |Iniial Temperature ('C) | With/whitout ,Machining” step(s) Single step(s) (e.g. heating only)
> Chill MAGMA/GIL-150 200
All progess steps
( N Itis p e to define several
machining steps in between an
Problems X =@ HT process by using different
Description  Resource simulation versions with
different geometries
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Result Perspective

Stress results — How to evalute the results

- Check the simulation

R ) | = Look at the crack criteria at ,Ambient
temperature” and maybe “Machining*
. | = Look at the crack criteria at ,Shake

Out® and other events

''''' o - Pick points in critical areas to create

‘‘‘‘‘‘‘‘‘‘

curves (Stresses + material properties)

LA . - Create animations

82

-, Stress Temperature®

HiE &
""""""""" ol Gl \s':idimamn&z:nnnng,Tmlnisp\amment 0.06788 1 [
) 3d7h 30min, 100.00 % G = ,,M |SeS
B GP M —op c-rel  we ; ; ] “
with ,Distortion
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Measurement Perspective

Deformation of a casting

- The ,Measurement Perspective”

P e S offers a few funtionalities to get an
PCJL Results X Materials = EIV Rgult’ Geometry  Mesh  Material Definifions ~ Measurement Demc:- =] I d e a ab Out th e d ef Orm atl O n Of the
£ - casting

1283

- 3-Point Transformation
- 6-Point Transformation
o - Best-Fit

115

, - The next version contains three new
- additional funtionalities:

11.14

oo
oo

— “Distance” — Length

Q. :
B e ~5 — “Flatness” — Flatness of a surface
— “Roundness”- roundness of a round
area
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Thank you for
your attention.

MAGMA Giel3ereitechnologie GmbH

j.thorborg@magmasoft.de
j.zZimmermann @magmasoft.de
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