


4 International MAGMA User Meeting 2024
M

October 9-11, 2024

RADISSON BLU - Frankfurt e

PART
*IT

2 10.10.2024 | Tips and Tricks | International MAGMA User Meeting 2024 | Frankfurt



Tips and Tricks

Workshop Core Making Processes

International
MAGMA User Meeting 2024

October 9-11, Frankfurt
Lubos$ Pavlak

{

1
.
|

Frankfurt, October 10th 2024




Agenda

- Nozzles for shooting and curing
= Inorganic
- Temperature of hot air
- Speed up
- Coldbox processes
- New curing gas dataset "Methyl Formate"
- Resol CO,

- User Results
- Optimization with economics ,live demo*

- Future development?
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Nozzles for Shooting and Curing Simulation
1. Option — Shoot nozzle go up after shooting and curing go through opening

nozzle ynozzle - Shooting: Core Shooting Definitions
ID2 ID1 Specify the boundary conditions for the sand/z

Shooting Parameters Nozzle / Vent Settings

MNozzle ID ‘Active |Database,fFiIename ‘

WD MAGMA/Nozzle
WD?2 [ AGMA/Nozzle_D12
Vent ID ‘Ac’[ive |Database,fFiIename ‘

#ID 1 [ MAGMA/Slot_D6

Core box ID1 . Curing: Gassing Definitions

Specify the boundary conditions for the gas flo

Gassing Parameters Vent Settings

Sand core ID1

Nozzle ID |Active |Database{FiIename
D1 Wmo
WwiD?2 MAGMA/Nozzle_D12

Vent ID |Active |Use As Nozzle |

PID 1 O
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Nozzles for Shooting and Curing Simulation

2. Option — Shoot nozzle exchange for curing with different size

Shoot
nozzle

Core Shooting Definitions

Specify the boundary conditions for the sand/z

- Shooting vO1:

ke 20 Shooting Parameters Nozzle / Vent Settings
s Mozzle ID |Active |Database,’FiIename |
wD10 MAGMA/Nozzle_D10
wD4 Project/Nozzle_D4
Vent ID |Active |Database/FiIename |
PID 1 MAGMA/Slot_D6
siD 2 MAGMA/Slot_D6

Shoot Shoot
nozzle nozzle
- Cu i ng VOl D10 D4 Specify the boundary conditions for the gas flow into the core box fc

D10 open area for
curing ~15%=~12cm2

Gassing Definitions

Gassing Parameters Vent Settings

Mozzle ID |Active |Database{FiIename |PressureLoss1(—) |

é \ 1 wD10 O MAGMA/Nozzle_D12 0.5
wD4 Project/Nozzle_D4 0.5
:8; Vent ID |Active |Use As Nozzle |Database,’FiIename |
#ID 1 O MAGMA/Slot_D6
PID 2 O MAGMA/Slot_D6
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Nozzles for Shooting and Curing Simulation
2. Option

Sand Density Absolute Gas
= glem? 2 Velacity
Core Shooting 1397 Core Curing i
Empty 16.75
Empty
1.397
1.208 16.75
15.56
1.198
14.36
1.098
13.16
0.998
11.97
0.898 10.77
0.798 957
0.699 8.38
0.599 7.18
0.499 5.98
0.399 479
0.299 3.59
0.200 2,40
0.100 1.20
0.000 0.00
NewProject1l6/v01l NewProject16/v01
Cycle 1 Cycle 1 0.003144
18.0ms 30.0ms G
X-Ray: on X-Ray: on
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Nozzles for Shooting and Curing Simulation

3. Option — Separate version for shooting and curing

- Shooting vO1.:

= Curing v02:

D¢

8 10.10.2024

Core Shooting Definitions
Specify the boundary conditions for the sand/z

Shooting Parameters MNozzle / Vent Settings
MNozzle ID ‘Active ‘Database{Filename ‘
@D1 ] MAGMA/Nozzle_D10
wp2 O MAGMA/Nozzle_D12

Vent ID ‘Active ‘Database{Filename ‘
PID 1 MAGMA/Slot_D6

Gassing Parameters Vent Settings

Nozzle ID ‘Active ‘DatabasefFilename ‘

WD O MAGMA/Nozzle_D10
wpz2 0O MAGMA/Nozzle_D12
Vent ID ‘Active ‘Use As Nozzle ‘
— =

sID2 O
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Inorganic process
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Inorganic Curing Simulation

Gas temperature

W Gassing X . . .
Gassing Definitions | '\ = ngher gas temperatu re IS nOW In
Specify the boundary conditions for the gas flow into the core box for gassing and purging and select the active gassing nozzles and core box vents. @ .
———— MS6.1 possible
Gassing time ‘ 20.0 ‘ 5
— o . k.
Gassing Parameters Gas Definition
oo e =— — 300°C gas temperature Is working
Pressure Curve
o
F Pressure Curve Time (s) Pressure (mbar) — I n M S 6 . O WaS m aX . ~273 C a.I IOWed
E 2 oo
’T =00 200 800.0
F £ 500 ‘
£ 200
£ 200
200
100
o
0 2 4 6 8 10 12 14 16 18 20
Time (s)
® Pressure Curve <Insert value pairs here>
®@ oK Cancel
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Inorganic Curing Simulation

Speed up of simulation time

Example - MS6.0 calculation time 24hrs (8CPU) MS6.1 calculation time 11hrs (8CPU)

Binder Water 3
Content E
g/l
46.26
28.00
Empty
26.00
28.00
24.00
26.00
24.00 2200
22.00 0.00
20.00
18.00
18.00
16.00 600
14.00 1400
12.00 200
z 10.00
i X 8.00 1000
6.00 00
4.00 600
2.00
00
0.00
Core_Curing_Anorg_Saugrohr/v01
Cycle 11 0
6.0005 G
X-Ray: on, range [1.00, 110.00] g/I

In MS6.1 speed up of inorganic curing simulation up to factor 4 in comparison to MS6.0
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Binder Systems for Core Production
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General Overview Binder Types

Binder systems for core production

Physical binding Chemicalcal binding Mechanical binding

Gas curing process

Hot curing process

Magnet and i Green sand
vacuum process Molding process

Self curing process

Source: André Gerhards, ASK Chemicals, Bindersysteme fiir die Kernherstellung, MAGMA User Meeting 2023, Aachen
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General Overview Binder Types

Binder systems for core production

Gas curing process Hot curing process Self curing process
|| Cold box | Warm Box B No Bake
Amin curing Furanharzsysteme Furan-, Phenolharzsysteme
i Beta set B Hot Box L PU No Bake
Methyl formate curing Furan-, Phenolharzsysteme Isocyanat-Hartung

B Epoxy So_z B Croning | Alkydharzverfahren
SO,-Hardening Novalak-umbhiillte Fertigsande Isocyanat- und oxid. Hirtung
_— | Resol CO, Anorganik - AlfaSet
CO, -Hardening '— Gemisch anorganischer Salze Esterhirtung
inkl. Additive

Water glas N Wasserglas-Ester
CO,-Hardening Esterhirtung

Source: André Gerhards, ASK Chemicals, Bindersysteme fiir die Kernherstellung, MAGMA User Meeting 2023, Aachen
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PU Coldbox

Variation ,,Curing gas adsorbtion/release factor*
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PU Coldbox

Curing gases — recommended settings
- Gas temperature: at least boiling point of gas (see tables)

- Amount of gassing gas:

- DMEA, DMIPA, TEA: standard 0,5-1g Amin/kg Sand, Trend goes to 0,25g/kg Sand
- CO,4-5¢g/kg Sand
- Curing gas fraction in gas flow: 5-10% Amin, 50% CO,

Gas Definition Gas Definition Gas Definition Gas Definition

Curing gas [ MAGMA/DMEA |® curing gas [ MAGMA/DMIPA | @  Curing gas [ MAGMA/TEA |®|  curing gas | MAGMA/Methyl_Formate &

Curing gas adsorption factor ‘ 1.0 | Curing gas adsorption factor | 20 ‘ Curing gas adsorption factor | 30 ‘ Curing gas adsorption factor ‘ 1.0 ‘

Curing gas release factor ‘ 0.1 | Curing gas release factor | 0.05 ‘ Curing gas release factor | 0.03 ‘ Curing gas release factor ‘ 0.1 ‘

Gas temperature ‘ 370 ‘ °C  Gas temperature | 67.0 ‘ »c  Gas temperature | 89.0 ‘ °C  Gas temperature ‘ 320 | °C
Amount of gassing gas ‘ 15 | g Amount of gassing gas | 15 ‘ g Amountofgassing gas | 13 ‘ 9 Amount of gassing gas ‘ 15 |§
Curing gas fraction in gas flow‘ 50 | % Curing gas fraction in gas flawl 50 ‘ o Curing gas fraction in gas flaw| 20 ‘ %  Curing gas fraction in gas ﬂOW‘ 5.0 | %

Gas Definition

Curing gas [ maGma/co2 @
Curing gas adsorption factor | 20 ‘
Curing gas release factor | 0.00001 ‘
Gas temperature | 45.0 ‘ °C
Amount of gassing gas | 6.0 ‘ g
Curing gas fraction in gas flaw| 500 ‘ %
16 10.10.2024 | Tips and Tricks | International MAGMA User Meeting 2024 | Frankfurt G



Basic Physical Models

Core gassing and purging simulation

Pressure 1 K B& Evaporation/Cond i
C _|_ n V| pov. VP poration/Condensation
¢ ¢'B|g Z,Ok ('Ok ‘ My J Z Py.—  Adsorption

Porosity Permeability

Equation

Gas 8C 8C ’ ’
o - <+V.(oCvU)-V.(¢p D VCv )=Q +R k=1..N| /==R, k'=1L..N
Concentration [ (A, )=V, | J=Q, Rk\l’ ot R, L
\
c \ i Diffulsion Evaporation/Condensation
onvection [Adsorption |
N Langmuir Adsorption Model:
Energy 91 (1-9)p b+zb T+ v[$ b cwTU |=V(ovT)s § bQLT KLwos A,
k~k k=™ Tk k<k's S e e B
Equation ot \ k=1 k=1 | \ k=1 = k2t (k1 —k2) * Ag
\ /
Heat Capacity Convection Conduction
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Gas Definition

P U CO I d b O X Curing gas [ MAGMA/DMEA [2] 1/0.1
Curing gas adsorption factor ‘ 1_0| 2/005

Curing gas release factor ‘ 0.1 | 4/0025
Variation ,,Curing gas adsorption/release factor“ =, S L0001
Curing gas fraction in gas ﬂuw‘ 10.0 | %

Adsorbed Curing Adsorbed Curing
Gas Gas
g/l
0.06778 10s 0.7258
I 0.3700 0.3700
0.1850 0.1850
] 0.0000 0.0000
Vo8 0 vi3 1.773e-06
Adsorbed Curing Gas Adsorbed Curing Gas
150.1ms 1.350s
Adsorbed Curing Adsorbed Curing
Gas Gas
g/l
1.523 3.69
10s 03700 10s 0.3700
0.2907 0.2907
0.1850 0.1850
0.0793 0.0793
0.0000 0.0000
v10 0 v09 0
Adsorbed Curing Gas Adsorbed Curing Gas G
1.000s 1.350s / /
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PU Coldbox

Variation ,,Curing gas adsorption/release factor*

v08
Max. Adsorbed Curing Gas
1.000s

v10
Adsorbed Curing Gas
7.400s

19 10.10.2024

Max. Adsorbed
Curing Gas

0.3686
0.3700

0.1850

0.0000
1.946e-07

Adsorbed Curing
Gas

1.033
0.3700

0.1850

0.0000
4.53e-07

vi3
Max. Adsorbed Curing Gas
10.000s

Gas Definition

Curing gas [ MAGMA/DMEA [=]
Curing gas adsorption factor | 10]
Curing gas release factor ‘ 0.1 |
Gas temperature ‘ 1000 ‘ °C
Amount of gassing gas ‘ 27‘9
Curing gas fraction in gas ﬂuw‘ 10.0 | %

Max. Adsorbed
Curing Gas

g/l
0.7617

0.3700
0.1850

0.0000
0.0006706

1/0.1
2/0.05

4/0.025
10/0.01

10/0.01/10%

v09

Max. Adsorbed Curing Gas
10.000s

Max. Adsorbed
Curing Gas

g/l
3,717

0.3700
0.2907

0.1850

0.0793
0.0000
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PU Coldbox

Total gas mass curve

= = Flowability_54/v08 Total Gas Mass Curve

- All Nozzles

— —  Flowability_54/v09 Total Gas Mass Curve

- All Nozzles
Flowability 54/v10 Total Gas Mass Curve
- All Nozzles
Flowability_54/v13 Tatal Gas Mass Curve
- All Nozzles

=
a |
= 10 N
[
0.5 !
/
0.0 '
Q 2 Y © ) '»Gr
Time [s] G
Modifying ,Adsorbed/released curing gas“ values doesn't change gas mass inflow
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PU Coldbox

Variation ,,Curing gas fraction in gas flow*
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PU Coldbox

Total gas mass curve

A

2.5
I .' / / . ’ — = Flowability_54/w08 Total Gas Mass Curve -
. V4 . + All Nozzles
I N . Flowability_54/v16/d1 Total Gas Mass
» / * Curve - All Nozzles
2.0 , * / 7 . = = Flowability_54/v16/d10 Total Gas Mass
¥ * Curve - All Nozzles
I * /7 LY === Flowability_54/v16/d2 Total Gas Mass

+ Curve  All Nozzles
r)
10% T W L4 " > 1% — — Flowability_54/v16/d3 Total Gas Mass
15 I . V4 * Curve -_;D_.II Nozzles
. . = = Flowability_54/v16/d4 Total Gas Mass
¥ / - Curve - All Nozzles

I . 7 < N Flowability_54/v16/d5 Tatal Gas Mass

Mass [g]
e

- Curve - All Nozzles
1.0 / / - * Flowability_54/v16/dé Total Gas Mass
. *

curve All Nozzles
. / . Flowability_54,/v16/d8 Total Gas Mass
x . Curve - All Nozzles
0.5 Wl . * Flowability_54/v16,/d9 Total Gas Mass
/ . Curve - All Nozzles
4

. / ’ Curve - All Nozzles
» * ‘ Flowability_54,/v16/d7 Total Gas Mass
Jr .
*

0.0

Time [s] G

Reducing ,Curing gas fraction in gas flow“ slows down gassing/adsorption
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PU Coldbox
Adsorbed Curing Gas

vle_d1
Adsorbed Curing Gas
3.000s

vie_d10
Adsorbed Curing Gas
3.000s

23 10.10.2024

Adsorbed Curing
Gas

0.1159
0.3700

0.1850

0.0000
0.0002708

Adsorbed Curing
Gas

g/l
0.2204

0.3700

0.1850

0.0000
0.002187

vl6_dS
Adsorbed Curing Gas
3.000s

Gas Definition

Curing gas [ MAGMA/DMEA

[=]

Curing gas adsorption factor ‘

10]

Curing gas release factor

01]

Gas temperature ‘

1000]°C

Amount of gassing gas ‘

I Curing gas fraction in gas ﬂuw‘

2.7
100]%

Adsorbed Curing
Gas

g/l
0.251

0.3700

0.1850

0.0000
0.001337

1/0.1/10%

v08
Adsorbed Curing Gas
300.1ms

Adsorbed Curing
Gas

g/l
0.1472

0.3700
0.2907

0.1850

0.0793
0.0000

G
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PU Coldbox

Max. Adsorb Curing Gas

W

vi6_d1
Max. Adsorbed Curing Gas
10.000s

. Ve

vi6_d10
Max. Adsorbed Curing Gas
10.000s
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Max. Adsorbed
Curing Gas

g/
0.1829
0.3700

0.1850

0.0000
0.008329

Max. Adsorbed
Curing Gas

g/
0.3686
0.3700

0.1850

0.0000
0.01871

Max. Adsorbed Curing Gas

Gas Definition

Curing gas [ MAGMA/DMEA [=]
Curing gas adsorption factor ‘ 1.0 |
Curing gas release factor ‘ 0.1 |
Gas temperature ‘ 1000 ‘ °C

Amount of gassing gas ‘ 2.7
I Curing gas fraction in gas ﬂuw‘ WD.Tl %

Max. Adsorbed
Curing Gas

/|

&
0.3401
0.3700

0.1850

0.0000
0.01629

Max. Adsorbed Curing Gas

L Max. Adsorbed
I i Curing Gas
0.345 g/| g/
R 0.3686

0.3700

0.1850

0.0000
1.946e-07




New Dataset in Coldbox Process

New curing gas type — 'Methyl Formate'

Adsorbed Curing
»‘ Database Request Gjls
8
. . 0.09177
Curing Gas Dataset Selection Empty
Select the curing gas considered in gassing process. 0.07000
0.06622
R 0.06243
Database/Filename Description 0/05865
0.05486
M MAGMA 0.05108
v Curing Gas 0'04730
B coz 0.04351
D omea 0.03973
0 omiea 0.03594
B ompa 0.03216
Methyl_Formate I 0.02837
0.02459
502
n TEA 0.02081
0.01702
opti_saugrohr/v12
Cycle 1, Core Curing 7.047e-06
Gas Definition 550.0ms G
. X-Ray: on
Curing gas ‘ MAGMA/Methyl_Formate | [r]
Curing gas adsorption factor ‘ 1.0 ‘
Curing gas release factor ‘ 0.1 ‘
Gas temperature ‘ 32.0|°C
Amount of gassing gas ‘ 1.5 | g
Curing gas fraction in gas flow ‘ 50 ‘ %

25 10.10.2024
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Resol CO,

Default settings

Gas Definition

Curing gas | MAGMA/CO2 |2 Curing gas MAGMA/CO2 ©
Curing gas adsorption factor | 2.0 Curing gas adsorption factor 20
Curing gas release factor | 0.00001 | Curing gas release factor 0.01 |
Gas temperature | 20.0 | °C \dSOr?:SCurmg Gas temperature 200 | °C .dsorbGeadSCurlng
Amount of gassing gas | 200 | g g/l —p Amountof gassing gas | 200 | 9 g/l
@3 Curing gas fraction in gas ﬂow| 40.0 | % ksa
Curing gas fraction in gas flow| 40.0 | % Empty a9 9 : Empty
8.994 g/l 28.00 28.00
26.00 26.00
24.00 24.00
22.00 22.00
20.00 20.00
18.00 18.00
16.00 16.00
14.00 14.00
12.00 12.00
Z Z
10.00 10.00
8.00 8.00
X 6.00 X 6.00
4.00 4.00
2.00 2.00
0.00 0.00
8542_32194/v04 8542_32194/v13
Cycle 1 1.399e-05 Cycle 1 3.514e-05
13.150s 13.150s G
X-Ray: on X-Ray: on

Changed settings

Gas Definition
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User Results
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User Result
Sand velocity at higher sand fraction

757 User Result Editar m] %
User Result Definition — 541_FAW _Tracer_KS/v03
Create or edit an expression for an user result.
Result name Output Definition
Description || Sandgeschwindigkeit bei hoher Backungsdichte Calculstion domain | AllGroups =]
Scale unit | mrs v|
Expression 1:1 Result type: Scalar3D  Tgy = 3 {} <7 ‘
{/Cycle 1/Core Shooting/Sand Fraction} -56 > @ ? {/Cycle 1/Core Shooting/sand Velocity/Absolute Sand Velocity} :@
[ J L J
T T
vx\;;v
1 - 1 - - - - -
If 'Sand Fraction' - 50 is higher than 0 Then show sand velocity, in other case is the value 0
Arguments F:\‘ $ LA Function Library Resu\ts]
Name Type Seq  Unit Assigned Parameter F“tarl
$.,ARG1  Scalar3d M - [ /Cycle 1/Core Shooting/Sand Fract... . o
$,ARG2Z  Scale3d & mfs [ /Cycle 1/Core Shooting/Sand Veloc.. unctions escription
~ Basic
abs() Absolute Value
acos() Arc Cosine
asin() Arc Sine
atan() Arc Tangent
avgl) Average Value
ceil) Ceiling
cos() Cosine
epl) Exponential Functi
floor() Floor ;‘Ek_
In{) Matural Logarithm 2080ms
logl) Decimal Logarithm
max() Maximum Value
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User Result - Time of Rising Above

If critical concentration is reached ...

r5“ User Result Editor

User Result Definition - 541_FAW _Tracer_C/v04

Create or edit an expression for an user result.

Result name

Description

Calculation domain | All Groups

Scale unit s

Expression

1:1

—
TimeOfRisingAbove({/Cycle 1/Core Curing/Adsorbed Curing Gas},8.2,1) I

Define result

Arguments

Name
., ARG1

Al s &4 = | | Function L\brary(Results

Type
Scalar3D

10.10.2024

Seq  Unit

=]

g/l

Assigned Parameter All results
[ /Cycle 1/Core Curing/Adsorbed Cu... Results
[ Element AspectRatio
~v 5 Cycle
[3 Curves

£} Core Shooting
+ B CoreCuring
[ Temperature
[7] Gas Pressure

[ Gas Velocity Vo4
|
[ Curing Gas Concentration Zelt_ab_02g/

_| Adsorbed Curing Gas
Max. Adserbed Curing Gas
[ User Results {in creation)

| Tips and Tricks | International MAGMA User Meeting 2024 | Frankfurt

Calculated User Result

Zeit_ab_02g!
s

Empty

1881
1756
1632
1.508
1384
1.259
1135
1011
0.886
0.762
0638
0514
0.389
0.265
0.141



Nozzle / Vent Assisstant
Ideas for future development

— Core identification/describe shape-size-volume

— From pressure calculator: G e

— Shooting pressure S
— Ration surface area nozzle/vents T
— Mass flow from nozzle e e ) s

— Geometrical filling:

Geomercal o aem IOMASOET
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Thank you for
your attention.

Lubos Pavlak

MAGMA Giel3ereitechnologie GmbH

|.pavlak@magmasoft.de



