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Solver Implementation \
Roadmap Z

- Step-by-step implementation of HPDC 5.4

process modes Gravity Die Casting 6.0

- Parallel addition of new functions LPDC und Wheel 6.1

- Future-proof platform for new Sandmold C. Investment C.
developments Heat Treatment

- State-of-the-art algorithms and D
networks

= Increase in software development
speed

Lad
Mold Half Molten Metal e
Sprue
Runner —Molten Metal
Ladle

Open Riser

Mold Half
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New Flow and Solidification Solver “\S
//

— New algorithms for fluid flow, free surface, viscosity and air inclusions

— Different physical models can be used simultaneously (e.g. flow
through cooling channels during mold filling, solidification and

cooling)
— All mesh types can be used
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What's different?

“cell-centered” approach

Runner - Gate - Cast Geometry

Cast

Ingate

Runner
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LPDC / Wheel 6.1 ‘)}\S

— New Solver (already in HPDC / GDC) — Thermal Solver

— Solver for the future — External boundary conditions
. adjusted (!
— TAG mesh and coarsening in the : ® _
mold material — Pressure-dependent porosity

— Tempering

L

—_

L

— New algorithm for hotspot

Heat up cycle
Flow in cooling channels
Electric heating cartridges

— Further Highlights
— Counter Pressure Casting - CPC
— Venting model and air results as

— Variotherm in HPDC / GDC
— Filling — Binder degradation and core gas

—_

—_

10.10.2024

Improved algorithm for the free also for cooling after eject
surface — Ejection simulation

Improved surface tension
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New Features in Enmeshment
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TAG Mesh ‘)/\S

“Solver5” Mesh New Solver
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TAG Mesh ‘)}\S

Merging Linking

=tobaml

D 2 ? ®
I/ LA |
Before After Before After
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Composed Meshes and Coarsening ‘)\S
//

Original Coarsening Loop 1 Coarsening Loop 2
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10.10.2024

Enmeshment

Coarsening in the die material — known from HPDC / GDC

Mesh Generation
Specify the parameters for mesh generstion.

Mode

O Number of Elements
@ Multiple Parameter Sets

| Cartesian Mesh Porsmeters (Meld)
X | v @) Mold @ Classic O Min, Wall Thickness. O Equidistant
# Bottom Core bottom
(=) # Bottom Core tube % A £
 Side Corest Geometry ites —sal[_s)[ so]mm
 Side CoreStizo 2
@ Side Cores2 LI 3 3] 3]
 Side Core 20 Minimal lement size _sa)[_ so|[ so]mm
# Top Coretop ; >
i Maximom length raio o neighboring elements )
@ Tempering Carridge 1000w Maximam sspect reio of n element 35
® Tempering Canridge 500w
® Tempering C

@ Variotherm Channel 20320 r
B8 Condimsert ‘Number of coarsening loops 3|
® Core ! Cosrienng threshold 3
v @) Casting System
@ RunneriD 1
v @) Casting
# Casting D1
@ Tempering Channel c-flow
(@) Gate

&

Mesh Size
Number of cartesian cells

cantesian 5,872,200 \ Number of cartesian cavity cells 265295
“oures| J Mumberof composed cavycels | ags205

Nurnber of composed celis
Mesh Quality
Blocked cell o o0l %
Edge-over-edge connected cells ° 00! %
Thin wall elements ° 00 %
Air contact cells 0 00 %
[ 7 o3 Messages | RestoreDefoults  Calculate Generste Stop Close.

LPDC demo part
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New Features in Temperature Control
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LPDC / Wheel

Process control

Definitions X
S8 Material Definitions
ﬁ Heat Transfer Definitions

Prepare Die
% Heating-Up
Die Tempering
v @ Casting Process (Cycle Control)
v -i»’ Cycle (Cycles 1-6)
v % Preparation
@ Die Preparation
Place Cores & Inserts
Die Close
Delay Time
% Die Filling & Intensification
v W Solidification & Cooling until Eject

Die Open

Eject Casting

Die Tempering

ng after Eject

> W% Cooling

Machining after Casting

Heat Treatment

Machining after Heat Treatment
‘ Stress Material Selection
=) Result Definitions

eﬂ Simulation Settings

16 10.10.2024
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Die Tempering
Different options

— Heat up cycle
— Electric heating cartridges (incl. PI Controller)

— Variotherm (to different temperatures in the
same channel)

— Flow in tempering channel — HTC-calculation
from local flow

T I RS R S B wink o P PP SO BB P O TET 6P P o P P 0P P P
oosss ] 50 S —— ® e
Velocity HTC Temperature
s PR,
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Die Tempering Control Overview

Define the operation of cooling resp. heating facities.

Material
~ Tempering Cartridge
@ Tempenng Cartndge

@ Tempening Cartridge

Material
 Tempering Channel
@ Tempering Channel
@ Tempering Channel
Material
v Tempering Channel
@ Variother Channel

pinolen

flow

Matio

Process Control

Pl-Controller Automat
*C at Thermocor

Process Control

Always Off
Abways Off

| Process Control

Always T2

=] 5000
=] 10000
|Consider Flow | Flow Rate (Vmin) |
a]

%) 50

[Tempersture 1 (C)_[Tempersture 2200 |

00 3200

oK

Cancel

G

/
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Tempering }\S

Heating Cartridge, Variotherm, Channel Flow »

1000 W
ﬂzmmv

[

flow off
80 °C
flow on

heating up production
. ﬁ

P - ; - s
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Heat Flux Density }\Q)

»

,2Heat Flux Density“
SRS shows the (resulting) heat
' flow in magnitude and
direction (vectors) for each
process phase.
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New ‘Air’ Result
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New “Air’— Result «nown from HPDC / GDC) \

“Air* — Sum of all calculated air components

Air Pressure Entrapped Air

bar ’ res
"y [ g
6500 Entrapped air
Air “Pockets” 20 ) &‘ Air, which cannot be
Unfilled areas, : * traced as gas
which are tracked 3 “; A Y > 5%

2.00

1.00
. 0.00

2.776s,78.01%

2.776s,78.01 %
X-Ray: on, range [0.90, 100000.00] kg/m?

)(-.Ray: on

VOF

Air from VOF

Not fully filled Captures the sum

of all components.

elements
so far “invisible” 03%

2.776s,78.01 % 2.776s,78.01 %
X-Ray: off X-Ray: on, range [0.90, 1000.00] kg/m?
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New “Air’— Result «nown from HPDC / GDC) \

/

Temperature Air
*c kg/m*
700 2186
Empty Empty
700.0 2.800
692.5 2.600
685.0 2.400
677.5 2.200
670.0 2.000
662.5 1.800
655.0 1.600
647.5 1.400
640.0 1.200
632.5 1.000
625.0 0.800
617.5 0.600
610.0 0.400
” 602.5 " 0.200
Z M - 3 M
/\{(. 595.0 /\f\/' 0.000
X %
Demo_Rad_Wheel/v04 Demo_Rad_Wheel/v04
Cycle 1, Die Filling, Temperature 607.6 Cycle 1, Die Filling, Air 0
3.3685, 68.03 % 3.368s, 68.03 % G
X-Ray: on X-Ray: on, range [0.50, 2.80] kg/m®

22 10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt G




23

Results

Air Curves

New curves for evaluating the die venting Z

® oycles
v O oycles

v

) Heat Balance
) curves

Preparation
Pouring

) Temperature

) Velocity

) Pressure

) Fraction Liquid

) Fraction Solid

) Tracer

) General Criteria

5 Ar

) AirPressure

) Max Air Pressure

) Air Contact

) Material Age

) Flow Length

) Wall Contact

[ CastLength

[*) Heat Balance

b 2 D Curves

Temperature Curve (Thermocouple)
Velocity Curve (Thermocouple)
Pressure Curve (Thermocouple)
Percent Filled

Volume Flow Through Gate

Minimum Temperature in Process Material

RRRRRRR

Mean Temperature in Process Material
£ _Maximum Temperature in Process Material
|ﬁ Air Mass by Vent
K Air Mass
& Power Curve (Thermocouple)

v [ curves

|~ Temperature Curve (Thermocouple)

|~ Velocity Curve (Thermocouple)

|~ Pressure Curve (Thermocouple)

|~ Percent Filled

|~ Volume Flow Through Gate

|~ Minimum Temperature in Process Material
|~ Mean Temperature in Process Material
|A” Maximum Temperature in Process Material
|~ Air Mass by Vent

|A AirMass

|~ Power Curve (Thermocouple)

|~ Total Volume Flow Through Inlets

|~ Volume Through Gate

Air Mass - shows the progress of the individual air components

during the filling phase
Air Mass by Vent — one curve is shown per vent

10.10.2024
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Air Curves

Air Mass

When “Air Mass" is selected, cicii®
—_— — Air Mass All Vents - Sum of air, which escapes through vents

4 curves are always shown L PYQVERRDWERIEE] - Air, which is entrapped in the melt

9.0E4005 .. L ——  Air Mass Pockets - Gaseous air (air bubble, air in front of the melt front)

- Air Mass Total - Sum of air in the cavity

8.0E+005 ca

7.0£4005 = e ——

6.0E+005

= 5.0E+005
% A.0E+005

3.0E+005
Air Mass All Vents
Air Mass Entrapped
Air Mass Pockets
. it Mass Total 2.0E+005
» Process phase (A2
The individual components can
be shown/hidden separately 0.0¢+000

“Flling |
Time [s] G
24 10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt G
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1064006

9.0E4005

8.0E4005

7.064005

Air Curves

Air Mass — Interpretation

Start of simulation:

Total amount of air is air

pocket, (red and green
curve are identical)

3.064005

2064005

1064005

0.0E+000

\

=@

Filling progress: the air in the
cavity is reduced because it can
escape through the vents

A big air bubble is
entrapped in the melt

10.10.2024

Time [s] G

| N

All vents are blocked,
the total amount of air does
not change anymore

At the end of filling, there are no air bubbles,
all air is entrapped by the melt
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Air Curves
Air Mass by Vent

One curve is shown per vent,
the result definition is automatic,

the labels are taken from the
geometry

o Animatio | @ General T W Result T3 Post Setti | 2 Curve Sele £ ]

The individual vents can be

shown/hidden separately

26 10.10.2024

Air Mass [g)

3.5E4005

3.0£4005

2.5E4005

2.0E+005

1.564005

1.0E+005

5.0E+004

0.0E4000

Vent vent_OL
Vent vent_OR

——  Ventvent_UL

Ventvent_UR

Different vent cross sections

lead to different amount of
escaped air

\

=@

w¥ ®

Cycles

Filling

Time [s]
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New Features in Filling Simulation

27 10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt



Filling from any Direction \S
It is no longer necessary to align the inlet to the main coordinates Z

Temperature
fc
700,

Empty
700.0
692.5
685.0
677.5

670.0

662.5

655.0

647.5

640.0

632.5

625.0

\

617.5
610.0

602.5

z
4

3 ) ey
+ ! 595.0

Vo4
Cycle 1, Temperature 682.5

400.3ms, 68.02 %
MAIMA

X-Ray: on
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New Tracer Results

Temperature Abs Velocity
c m/s
700 1.089 .
Temperature ono el \elocity
690.9 . 0.08500
6817 0.08000
6726 0.07500
663.5 0.07000
6544 0.06500
645.2 0.06000
636.1 0.05500
627.0 0.05000
617.9 0.04500
608.7 0.04000
599.6 0.03500
590.5 0.03000
581.4 0.02500
572.2 0.02000
vo1 572.2 vo1 0
Cycle 6, Flow Tracer Cycle 6, Flow Tracer
29.5955 29.5955
Path Length Pressure
mm mbar
1265 ™ Pressure
1048
1046
1043
1041
1038
1036
1033
1031
1028
1026
1023
1021
1018
1016
1013
vo1 1013
Cycle 6, Flow Tracer y Cycle 6, Flow Tracer G
29.5955 29.5955
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Surface Tension \

Impact on the melt front Z

Surface Tension

Temperature Temperature
% c
200 200,
Empty Empty
7000 7000
6925 6925
685.0 685.0
6775 6715
670.0 670.0
6625 6625
655.0 655.0
6475 6475
640.0 640.0
6225 6325
6250 625.0
6175 6175
6100 610.0
z
,«!,» 6025 6025
595.0 595.0
Demo_Kolben_LPDC/A01 Demo_Kolben_LPDC/v03
Cycle 6, Die Filling, Temperature Cycle 6, Die Filling, Temperature
7.8575,96.04 % ss2.7 7.7365,96.12 % 5808
X-Ray: on X-Ray: on G
with Surface Tension without Surface Tension
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LPDC / Wheel / CPC 6.1

Helpful changes in the definition

' Die Filling & Intensification

Die Filling & Intensification Definitions

P2 g & Intensification Definitions

Specify the boundary conditions for the melt to flow into the die and for the intensification phase. Select one of the available control types,

Control Type

O Counter Pressure Casting
Control Type

O Pressure Curve
O Counter Pressure Casting
@Pressure Curve

@Pressure Curve with Reduction Control /

O Filling Time
O Pressure Curve with Reduction Control / Intensification O Filling Rate
O Filling Time
OFilling Rate

Pressure Curve with Reduction Control / Intensification
Pressure Curve

Pressure Curve  Intensification

Starting pressure [p(s)] [ 1000 | mbar Sketch
Pressure Curve at | Inlet D1 v —
ressure Curvest [ Pressure setup time [ST] [ 50]s

PA
- Inlet ID 1 Time (s) Pressure (mbar) Working pressure [p(w)] 15000 | mbar
- w)
[ . 00 00 Reduction control 250,05 after End of Die Filling | @ o
= 30 335 — RS
150 880 Pressure reduction time [RT] 10]s
> | 200 6500
= 2500 6500
122 310 00
.
pls) —
olE !
0 50 100 150 200
Time (5)
* Inlet 1D 1 >
= e Pre—
Metallostatic Pressure: 87.73 mbar Hcbliolabc Bresane 31 Sambat
Assistant oK Cancel Assistant OK Cancel

The required metallostatic pressure is If you define pressures that are too high, you lose your porosity

that's why there is a warning for high pressures

permanently displayed
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Pressure Dependent Feeding
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Pressure Dependent Feeding

- From MAGMASOFT® 6.1 onwards, the feeding is also calculated in LPDC/Wheel
depending on the intensification pressure

- Regardless of the selected pressure option, the defined working pressure will
result in an improved feeding

™ Die Fillng & Intensification »
Die Filling & Intensification Definitions »
Specify the boundary conditions for the melt to flow into the die and for the phase. Select one of types. 10 S LLF
2]
. s
R o
Control Type
ficatio
e inet D
ressure
[T Inlet 1D 1
= Inlet ID 1 Time (s) Pressure (mbar) = 00 00
- 00 00 = . 0 Bs
I T 30 335 | F s 150 80
2.1 150 880 | >l g«
e 200 6500 [ £
— 2500 6500
& £ 510 00
1
oK :
0 50 0 150 200 25
Time (9 Dt
et ID 1 | Metstostatic
Distance bath level to inlet 00]mm et value pairs here> Merallomasic Preasioe: 4774 ke Aactant o« | Cacel
e Assitant o Canc
Metallostatic Pressure: 87.73 mbar
Assistant oK Cancel

33
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Pressure Dependent Feeding
Calculation 6f;

Starting from the momentum equation, taking into account an
interdendritic term, a non-linear equation can be derived.

gpww(pvv) =—Vp+VE(yvv)+pg—ﬂv
K

(1 -5+ 6f)* = 1 - fs — 6£]°(1 + NDPX)

NDPX = 2P

pOX

If the applied pressure ép is known, and the height x, NDPX can be calculated.
For f, = f 4, the calculation is derived by solving the nonlinear 6fs; equation.
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LPDC Porosity Calculation
Lpdctable (NDPX)

1000

- | | | ! ; - :
- L — I I
= |
0.5 — 2_7‘;_
- //
04 ———
% 0.3 Z,
0.2
0.1 | I | . | |
0f
0 100 200 300 400 500 600 700 800 900
NDPX
— feff = 0.10 = feff = 0.15 ——feff= 0.20 feff = 0.25 feff = 0.30 =——feff= 0.35
feff = 0.40 feff=0.45 feff = 0.50 feff= 0.55 feff = 0.60 feff = 0.65
——feff = 0.70 ——feff = 0.75 ——feff = 0.80 feff = 0.85 feff = 0.90 ——feff = 0.95
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Pressure Dependent Feeding
FSTime

FSTime FSTime FSTime
s S
3199 320 3199
Empty Empty Empty
Pressure g Intermediate
185.0 185.0 185.0
1725 1725 1725
160.0 160.0 160.0
1475 147.5 147.5
135.0 135.0 135.0
1225 1225 1225
110.0 1100 110.0
97.5 97.5 97.5
85.0 85.0 85.0
725 725 725
60.0 60.0 60.0
475 475 475
35.0 35.0 35.0
Z z
iy 225 225 o X 225
X i X
10.0 100 10.0
v06 vo7 voS
Cycle 6, FSTime Cycle 6, FSTime Cycle 6, FSTime
Smin 20.0, 54.45 % 12.53 5min 20.0s, 57.28 % 12:58 Smin 20.0s, 61.75 % 12.54
X-Ray: on X-Ray: on X-Ray: on G
pressure low pressure middle pressure high
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Pressure Dependent Feeding
Hot Spot FSTime

Hot Spot FSTime Hot Spot FSTime Hot Spot FSTime
s S  §
3199 320 3199
Empty Empty Empty
Pressure g Low Intermediate High
290.0 290.0 290.0
270.0 270.0 270.0
250.0 250.0 250.0
230.0 2300 2300
210.0 210.0 2100
190.0 190.0 190.0
N 170.0 170.0 170.0
(] -
P ‘ 150.0 150.0 150.0
L 4
L 4 130.0 130.0 130.0
- =
110.0 110.0 110.0
90.0 90.0 90.0
70.0 70.0 70.0
50.0 50.0 50.0
Z Z z
i 300 _,\.' 300 - 300
X = X X
10.0 100 10.0
v06 vo7 voS
Cycle 6, Hot Spot FSTime Cycle 6, Hot Spot FSTime Cycle 6, Hot Spot FSTime
Smin 20.0, 54.45 % 3112 5min 20,0, 57.28 % 40.21 Smin 20.0s, 61.75 % 43.28
X-Ray: on X-Ray: on X-Ray: on G
pressure low pressure middle pressure high
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Pressure Dependent Feeding

Porosity

Pressure g

V06

Cycle 6,

Low

o
D

Porosity

5min 20.0s, 97.50 %
X-Ray: on, range [1.00, 100.00] %
pressure low

38 10.10.2024

100

Porosity
%

Intermediate

Vo7

Cycle 6, Porosity

S5min 20.0s, 97.49 %

X-Ray: on, range [1.00, 100.00] %
pressure middle

Porosity
%

Empty

High

VOS5

Cycle 6, Porosity

Smin 20.0s, 97.48 %

X-Ray: on, range [1.00, 100.00] %
pressure high

| Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt
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Porosity
%

Empty

100.0

64.3

571

50.0

429

35.7

28.6

214

143

0.0



Pressure Dependent Feeding ‘)\S
//

What to consider?

- The pressure dependent feeding model is based on the feeding effectivity (FE) of
the database (30% - 40%),

- Many users have adapted the FE in the past to achieve a better match with reality,

- If your processes work with working pressures of 200 to 600 mbar, reset the FE
to the original database values in 6.1

39 10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt G
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Counter Pressure Casting (CPC)
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CPC in MAGMASOFT®6.1

Schematic process

Lyd

o T

(e)

(b)

Die close
Build-up counter pressure
Die filling

Releasing furnace pressure
Die open

a
b
C
d. Releasing counter pressure
e
f
g. Eject casting

10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt
U’’’

b



42

CPC in MAGMASOFT® 6.1
Modeling in MAGMASOFT ®

- Counter Pressure Casting is created as a normal LPDC project,
- The differences between CPC and classic low-pressure casting are taken into

account in the filling definition,

' Die Filling & Intensifi

= For CPC there is a new
ﬁﬁ control type in the fill

Die Filling & Inten:

definition

OFilling Time
OFiling Rate

Counter Pressure Casting

Pressure Curve  Counter Pressure

2,500 Pressure diff t InletiD1 v
it
= 2000{ ‘ Time(s)  Pressure (mbar)
k] | 00 00
E 1500 / 320 4500
3 370 4500
§ 100 380 24500
500 / ‘ 840 24500
2 T B0 00
0
0 40 50 80 %
Time (s)
—F re — Pressure Diff m
s 80[s [Cinsertvalue pars
Metallostatic Pressure: 56.61 mbar
a Assistant oK Cancel
10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt



CPC in MAGMASOFT®6.1

Modeling in MAGMASOFT ®

- A CPC filling definition is done by two pressure curves

! Die Filling & Intensification x

Die Filling & Intensification Definitions

Specify the boundary conditions for the melt to flow into the die and for the intensification phase. Select one of the available control types.

Control Type
@® Counter Pressure Casting
O Pressure Curve

O Pressure Curve with Reduction Control / Intensification
OfFilling Time
OFilling Rate

Counter Pressure Casting

Pressure Curve  Counter Pressure

s) Pressure (mbar)
00
20000
20000
00

F System Pressure
F 2000
B

o

<Insert value pairs here>

Metallostatic Pressure: 56,61 mbar

Input of counter pressure (b)

43 10.10.2024

Assistant oK

/D Die Filling & Intensification

\

Die Filling & Intensification Definitions

Specify the boundary conditions for the melt to flow into the die and for the intensification phase. Select one of the available control types.

Control Type
@Counter Pressure Casting:
O Pressure Curve

(O Pressure Curve with Reduction Control / Intensification
OfFilling Time
OfFilling Rate

Counter Pressure Casting

Pressure Curve  Counter Pressure

R

g#ure difference at InletID1

Time (s) ~Pressure (mbar)
00
320
370
380
840
850

Pressure (mbar)

Offset Time |

Input of difference
pressure (blue line)

For the required level of

—

Metallostatic Pressure: 56.61 mbj
8 Assistant oK

After the "offset time" has elapsed,

the die filling starts

| Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt

differential pressure you can
also use the “Assistant”

Cancel




CPC in MAGMASOFT®6.1
Modeling in MAGMASOFT ® Z

/% Die Filling & Intensification X
Die Filling & Intensification Definitions -

Specify the boundary conditions for the melt to flow into the die and for the intensification phase. Select one of the available control types.

Control Type

@iCounter Pressure Casting

O Pressure Curve

(O Pressure Curve with Reduction Control / Intensification
O Filling Time

O Filling Rate

Counter Pressure Casting

It is assumed that all CPC machines carry out an automatic correction
of the metal height in the riser tube

Pressure Curve  Counter Pressure

2,500

i Pressure difference at [Inlet D1 v Therefore it is not possible to define a height difference between the
- e ‘ [ Time (s)  Pressure (mbar) melt level and the inlet
3 00 00
E 320 4500
§ ‘ 370 4500
H | 380 2450.0
- ‘ 840 24500

= i 850 00
0 | 3 i |
0 10 20 30 40 50 6 70 8 %9
Time (s)
— Fumace Pressure — Pressure Diff — System Pressure
Offset Time 80]s [Cinsert value pairs here>

Metallostatic Pressure: 56.61 mbar

Assistant 0K Cancel

The difference pressure (blue line) and the counter pressure (green line)

are added together to give the furnace pressure (red line)
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CPC in MAGMASOFT®6.1 \

Temperature Air Pressure Z

Temperature Air Pressure
< mbar
700 2033
Empty Empty
700.0 3113
694.1 2963
688.1 2813
682.2 2663
676.3 = - ’ 2513
670.4 ? 2363
664.4 2213
658.5 2063
652.6 1913
646.6 1763
640.7 1613
634.8 1463
628.9 1313
¥ 622.9 z 1163
X X
-l 2> gl
e 617.0 e 1013
Vol vo1
Cycle 8, Temperature 630.9 Cycle 8, Air Pressure 3033
12.372s, 68.06 % 12.311s, 66.16 % G
X-Ray: on X-Ray: on
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Pressure Drop
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LPDC / Wheel / CPC 6.1 ‘)\S
/4

Behavior in case of pressure drop
- There is an important difference in the behavior of the melt in case of pressure
reduction.

= In 6.0 (and earlier) all the material, that had not yet reached the critical feeding
effectivity, was removed from the model.

- From 6.1 onwards not all the material but only the liquid part will flow back into the
furnace.
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LPDC / Wheel / CPC 6.1 \

Behavior in case of pressure drop Z

Temperature Temperature
oA .
506 6292
Empty Empty
Temperature before pressure drop
612.6 612.6
608.1 608.1
603.7 603.7
599.3 599.3
594.9 594.9
590.4 590.4
586.0 586.0
581.6 581.6
5771 577.1
572.7 572.7
568.3 568.3
563.9 563.9
z
Y%\A 559.4 559.4
555.0 555.0
vis vis
Cycle 8, Temperature Cycle 8, Temperature
1min 25.05, 54.02 % 519 1min32.55,54.68 % 523,
X-Ray: off X-Ray: off G _
55./60 6.1 MAIMA
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LPDC / Wheel / CPC 6.1 \

Behavior in case of pressure drop Z

Temperature before pressure drop

Temperature Temperature
o o
5939 604.2

Empty Empty

617.0 617.0

6126 612.6

608.1 608.1

603.7

586.0

581.6

577.1

572.7

563.9

559.4

vi8
Cycle 8, Temperature Cycle 8, Temperature

1min 49.45, 72.07 % 4732 1min 5145, 68.53 % 505
X-Ray: off X-Ray: off

55./6.0 6.1 MAIGMA

555.0

v19
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LPDC / Wheel / CPC 6.1 \

Behavior in case of pressure drop l

Fraction Liquid Fraction Liquid
% %
10_0 100

Empty Empty

Fraction liquid bevor pressure drop s
929 929
85.7 85.7
78.6 78.6
714 714
64.3 64.3
571 571
50.0 50.0
429 429
357 35.7
28.6 286

6.1
214 214
143 143
z z
g‘(

7.1 VX 71
& )’<
. 0.0

0.0
vi8 U v19
Cycle 8, Fraction Liquid L Cycle 8, Fraction Liquid e
1min 33.1s, 41.98 % o 1min 32.5s,45.32 % o
X-Ray: off X-Ray: off
55./6.0 61 MA&'A
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LPDC / Wheel / CPC 6.1 2\

Behavior in case of pressure drop l

Fraction Liquid Fraction Liquid
%

67.39 62.14

Empty Empty

Fraction liquid after pressure drop
<

62.58

53.27

57.76

48.83

44.39

| 39.95

35.51

31.07

26.63

22.19

17.76

13.32

vig

0.00
v19 l
o

Cycle 8, Fraction Liquid Cycle 8, Fraction Liquid
1min 49.4s, 27.93 % 1min 51.4s,31.47 %

X-Ray: off X-Ray: off G
55./6.0 6.1 R - A
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52

Modified Boundary Conditions

10.10.2024

D External Boundaries

External Boundaries

Specify the datasets used for external boundary conditions.

External Boundary
All External Boundaries (LPDC)
Blowing
Coating
Die Closed
Die Insert
Die Opened (LPDC)
Dipping

External Cooling/Shake emoving Casting System

Feeder Surface
Spraying
Tempering

Tempering Channel Off

| Description

Boundary condition for all materials (except feeder) in contact with environment for LPDC process
Boundary condition for all mold materials considered in blowing process

Boundary condition for all mold materials considered in coating process

Boundary condition for mold - cavity neighborhoods after die has been closed and before cavity is filled
Boundary condition for insert materials in contact with environment

Boundary condition for all materials in contact with environment after die has been opened for LPDC pros
Boundary condition for all mold materials considered in dipping process

Boundary condition for all materials in contact with environment during treatment after casting
Boundary condition for feeder materials in contact with environment

Boundary condition for all mold materials considered in spraying process

Boundary condition for tempering channel in contact with tempering inflow or tempering outflow

Boundary condition for inactive tempering channels

| Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt

MA.-MA

| Database/Filename
MA/default.enviro100
efautt.blow
MAGMA/defautt.coat
MAGMA/default.enviro100

MAGMA/default.enviro100

MAGMA/default.enviro100
MAGMA/default.spray
MAGMA/default.enviro100

GMA/default.cool

Cancel




LPDC / Wheel 6.1 \

Modified Boundary Conditions

D External Boundaries

External Boundaries
Specify the datasets used for external boundary conditions. 6.0
External Boundary | Description Database/Filename
All External Boundaries (LPDC) Boundary condition for all materials (except feeder) in contact with environment for LPDC process MAGMA/default.lpdc . . .
When the boundary for gravity die casting
Coating Boundary condition for all mold materials considered in coating process MAGMA/default.coat
Die Closed Boundary condition for mold - cavity neighborhoods after die has been closed and before cavity s filled MAGMA/defaultdc was C h an g e d fro m 5 . 5 to 6 . O , 0N Iy th e
Die Insert Boundary condition for insert materials in contact with environment MAGMA/default.insert
Die Opened (LPDC) Boundary condition for all materials in contact with environment after die has been opened for LPDC process  MAGMA/defaultpdcdo h d th
Dipping Boundary condition for all mold materials considered in dipping process MAGMA/default.dip names were chan g e 1 SO ere was no
External Cooling/Shake Out/Removing Casting System  Boundary condition for all materials in contact with environment during treatment after casting MAGMA/default.shaout .
influence on the results.
Feeder Surface Boundary condition for feeder materials in contact with environment MAGMA/default.12
Spraying Boundary condition for all mold materials considered in spraying process MAGMA/defaultspray
Tempering Boundary condition for tempering channel in contact with tempering inflow or tempering outflow MAGMA/default
Tempering Channel Off Boundary condition for inactive tempering channels MAGMA/default.cool Th e Ch an g eS to L P D C d O n Ot O n Iy aﬁect

1D External Boundaries

—— 6.1 the names. The radiation coefficient was

Specify the datasets used for external boundary conditions.

External Boundary | Description | Database/Filename C h an g e d frO m O . 3 tO O 8 .

All External Boundaries (LPDC) Boundary condition for all materials (except feeder) in contact with environment for LPDC process MAGMA/default enviro100
Blowing Boundary condition for all mold materials considered in blowing process MAGMA/default blow

Coating Boundary condition for all mold materials considered in coating process MAGMA/default.coat

Die Closed Boundary condition for mold - cavity neighborhoods after die has been closed and before cavity is filled MAGMA/default.enviro100 T h H h H 6 l d H H

Die Insert Boundary condition for insert materials in contact with environment MAGMA/default enviro100 IS means t at In 6.1 more raal atl on

Die Opened (LPDC) Boundary condition for all materials in contact with environment after die has been opened for LPDC process  MAGMA/default.enviro100 . . .

St S R S e energy is released into the environment.
External Cooling/Shake Out/Removing Casting System  Boundary condition for all materials in contact with environment during treatment after casting MAGMA/default.enviro20

Feeder Surface Boundary condition for feeder materials in contact with environment MAGMA/defautt.enviro100 Lowe r d | e te m p e rat ures are Cal CuU | ate d .
Spraying Boundary condition for all mold materials considered in spraying process MAGMA/default.spray

Tempering Boundary condition for tempering channel in contact with tempering inflow or tempering outflow MAGMA/defautt.enviro100

Tempering Channel Off Boundary condition for inactive tempering channels MAGMA/default.cool
(2] oK Cancel
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LPDC / Wheel 6.1 \

Die Temperature @ Start Filling Z

Temperature Temperature
© 5
6.1 an 5058
Empty Empty
500.0 500.0
485.0 485.0
470.0 470.0
455.0 455.0
440.0 440.0
425.0 425.0
4100 4100
395.0 395.0
380.0 380.0
365.0 365.0
350.0 350.0
3350 335.0
3200 3200
z

305.0 X / 305.0
290.0 290.0

vo1 vo3

Cycle 6, Temperature Cycle 6, Temperature

0.1ms, 0.00 % 268.8 0.1ms, 0.00 % 299.3

X-Ray: off X-Ray: off G
6.1 6.0
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LPDC / Wheel 6.1 \

Die Temperature @ End of Cycle Z

Temperature Temperature
P .
6.1 514.3 541.2
Empty Empty
500.0 500.0
485.0 485.0
470.0 4700
455.0 455.0
440.0 440.0
425.0 425.0
4100 4100
395.0 3950
3800 3800
365.0 3650
3500 3500
3350 3350
3200 3200
z z
X b# 305.0 X 305.0
P &

290.0 2900

vo1 vo3

Cycle 6, Temperature Cycle 6, Temperature

Smin 20.0s, 98.23 % 2626 Smin 35.0s, 95.51 % 296,

X-Ray: off X-Ray: off G
6.1 6.0
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LPDC / Wheel 6.1 \
Casting Temperature @ End of Cycle Z

Temperature Temperature
© 5
6.1 579.7 577.7
Empty Empty
500.0 500.0
485.0 485.0
470.0 470.0
455.0 455.0
440.0 440.0
425.0 425.0
4100 4100
395.0 395.0
380.0 380.0
365.0 3650
350.0 350.0
3350 335.0
3200 3200
z z
X 305.0 X 305.0
& &

290.0 290.0

vo1 vo3

Cycle 6, Temperature Cycle 6, Temperature

5min 20.05, 98.23 % 3733, Smin 35.0s, 95.51 % 4043

X-Ray: off X-Ray: off G -

6.1 6.0 ) WA
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LPDC / Wheel 6.1 ‘)}\S

Modified Boundary Conditions - What to consider?

- Many customers have reported that despite using exact real parameters, the
calculated temperatures in the mold are too high.

- A demo project shows a reduction in temperature of around 30 °C under identical
conditions due to changed boundary conditions.

- This difference can be higher or lower in the specific case, depending on the
materials used and the process parameters set.

- There is no obligation to use the suggested boundary conditions. We believe that
the new values reflect reality better and have therefore made them to default.
Each user can of course use their own values, if this makes the results more
realistic.
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LPDC / Wheel 6.1 ‘)}\S

Modified Boundary Conditions - What to consider?

= The new boundary conditions are only active when a new LPDC/Wheel/CPC
project is created in 6.1.
- Projects converted from 6.0 (or earlier) retain the old boundary conditions.

- “New Project from Version/Design..” are not new 6.1 projects, but copies of the
old versions, so in terms of status they correspond to converted projects.

- If you want to change the boundary conditions for converted projects, you can do
this manually in the “Heat Transfer Definition” - right-click “External Boundaries..”
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Cold Run
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New Solver and Cold Run \
Examples Z

Temperature Temperature
°C L 5
700 700
Empty Empty
700.0 700.0
692.5 692.5
685.0 685.0
677.5 677.5
670.0 670.0
662.5 662.5 .
Slower pressure increase
655.0 655.0
647.5 647.5 S .
- Longer filling time,
640.0 640.0
- More temperature loss
632.5 632.5 . .
-> High risk of cold run
625.0 625.0
617.5 617.5
610.0 610.0
i 602.5 ‘Z 602.5
A x vv X
595.0 595.0
v01 v02
Cycle 6, Temperature 609 Cycle 6, Temperature 576.5
7.361s, 90.04 % 15.128s,91.48 % G
X-Ray: on X-Ray: on
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New Solver and Cold Run \“)
/4

Examples »

Temperature
700
Empty
700.0
691.1
682.2

6733

= Why is the flow front different on
. the left and the right?

637.6

628.7

619.8

6109

601.9

593.0

z

,{'_*
v02
Cycle 6, Temperature

16.549s, 98.02 %
X-Ray: on

584.1

575.2

575.2
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New Solver and Cold Run \“)
/4

Real experiments with different temperatures and filling pressures »
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New Solver and Cold Run \

Virtual experiments with different temperatures and filling pressures Z

Temperature Temperature
i
687.9 7185
Empty Empty
690.0 7200
681.8 709.6
673.6 699.3
665.4 688.9
657.1 678 6
648.9
640.7 657 9
632.5 647.5
6243 637.1
616.1 626.8
! 607.9 z 616 4
1 X 599.6 ¥ X
\ 591.4 595 7
583.2 e 585.4
575.0 575.0
v07_d1 v07_d2
Cycle 6, Temperature 558 Cycle 6, Temperature 554.7
13.538s, 58.06 % 16.561s, 74.84 %
X-Ray: on X-Ray: on
Temperature Temperature
687.3 716.6
Empty Empty
690.0 720.0
681.8 709.6
673.6 699.3
665.4 688.9
657.1 678.6
648.9 668.2
640.7 657.9
632.5 647.5
624.3 637.1
616.1 626.8
+ 607.9 Z sisa
¥ X 599.6 Y X
591.4 595 7
E 583.2 585.4
575.0 575.0
v07_d3 v07_d4
Cycle 6, Temperature 557.3 Cycle 6, Temperature 558.4
13.525s, 67.54 % 13.557s, 68.60 %
X-Ray: on X-Ray: on
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New Solver and Cold Run \S
/4

Examples —real vs. virtual »

10.10.2024

g &

The tool halfs have the same temperatures Left tool half has a lower temperature
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65

New Solver and Cold Run

=
=
Data Edit Memo
v Global Information
General Parameters
I
M Lambda
. . Radiation Emissivity
-V — VISCOSIty e R
Cp
. . . . rofs
= Vl' |IQUId VISCOSIty ' Rho*Cp (view only)
- Flow Properties
— —_
]M ConSt' " Electromagnetic Properties
r Thixotrop »
- fS — fraction solid | Elasticiy.. »
I Time Independent Plasticity... »
U [PROTECTED] »
r Sand Models... [PROTECTED] »
. Tensile and Creep Curves 4
[-|  Tensile Strength
Woehler Curve
-
r
r
[LM Aluminium] Composition
[LM Aluminium] Properties... »
10.10.2024

Viscosity is an important factor in flow behavior.

Help

Si10Mg
tion
i 1725: 3.2381
3 EN AC-43000

AC4A, ADC3
yrd: 360.0
& AlSi10Mg

Aan

Temperature dependent Viscosity
Viscosity Parameters

Fraction solid dependent Viscosity

¥V Readytouse

Password-

P

The flow solver takes into account a fraction-solid-dependent viscosity

Edt  Memo Help
Material: AISi10Mg
Rneology (Newtonian)
Viscosity atliquidus temperature [ mis Default

Constant of the J-Mviscosity | 220000 =
Maximal allowed viscosity factor | 1000.0000 -
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New Solver and Cold Run \S
/4

»

- The current material data only cause a significant increase in viscosity at very low
temperatures.

- This means that cold running problems are hardly visible, especially since many
users also apply very “optimistic” parameters.

- With the help of some (customer) examples from practice, we have found material
values that enable a better prediction.

- Qur current recommendation:

, L : 5
—~ Define the liquid viscosity at 10 Viscosity at liquidus temperature | 1.0000e-05 mls

- Use 46 as the J-M constant

Constant of the J-M viscosity | 46.0000
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New Solver and Cold Run ‘)\S
/4

- With simplified models it is not always possible to “match" the true temperatures.

= In addition, the fluidity of a melt also depends on other, sometimes unknown
factors (e.g. exact alloy composition, surface quality of the mold, melt treatment,

etc.).
! Therefore’ in the fUtu re %Zﬁ:::::on&Coolin Simulation | Heat Treatment
there will be a simple input oo —
: : . o e Here it is defined, that at 590 °C
optlon fOI’ USErs Wlth WhICh [ the viscosity is so high that flow
the viscosity can be no longer oceurs under normal

conditions.

adj usted by MAGMASOFT. Core Gas Simulation

Calculate binder degradation

Core gas bubbles

Mold Venting
Consider vents
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New Solver and Cold Run \

Velocity in an example part Z

Absolute Velocity
m/s
03489

Empty

0.2100
0.1950
0.1800
0.1650

0.1500

0.1350
0.1200
0.1050
0.0900
0.0750
0.0600
0.0450
0.0300

z 0.0150

2 A{;
0.0000

v09
Cycle 6, Absolute Velocity 5.19e-08

19.085s, 85.66 % G
X-Ray: on ’

68 10.10.2024 | Workshop Non-Ferrous Applications | International MAGMA User Meeting 2024 | Frankfurt G




Time (s)
00

30

200
250
250.0
2510

New Solver and Cold Run

Temperature in an example part

Pressure (mbar)
0.0

35

88.0

650.0

650.0

0.0

<Insert value pairs here>

69

10.10.2024

Temperature
o)
700

Empty
700.0
692.1
684.3
676.4

668.6

660.7
652.9
645.0
637.1
629.3
621.4
613.6
605.7
z

,

4

v09
Cycle 6, Temperatu
16.562s, 85.39 %
X-Ray: on

S97.9

590.0

With normal filling pressure the melt stops at 20 s. Only when the pressure is increased to 650 mbar can
the viscous melt be transported a little further. The mold cannot be filled completely.
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Recommendations
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Switching from 6.0 (or earlier) to 6.1 ‘)\S
//

Some Recommendations

- The simulation results in 6.1 will change in all permanent mold processes (e.g.
due to improved free surface calculation, improved venting model, bug fixing, ...).

- There are small differences in permanent mold casting and HPDC, in
LPDC/Wheel the differences will be larger.

= You will not achieve identical results, but the casting statement will be identical.

- However, it should be noted that in gravity casting and LPDC the solidification
defects depend considerably on the temperature field of the filling and that the
most significant changes will occur in LPDC.
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Switching from 6.0 (or earlier) to 6.1 ‘)\S
//

Some Recommendations

- We generally recommend creating “New Projects” in the new software - this is
the safest way but also the more complex.

- If you have created new projects for GDC in 6.0 and in HPDC after 5.4,
converting to 6.1 is quite easy. In GeometryP it may be necessary to update the
new assembly groups, otherwise you can continue working directly.

If your simulation project will be completed in the foreseeable future (? 1/2 year..?),
stay with 6.0. Start new projects with the latest software.
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Switching from 6.0 (or earlier) to 6.1 ‘)\S
//

Some Recommendations

- For LPDC/Wheel, we strongly recommend creating “New Projects” in order to
use the new settings for the boundary conditions.

- Import the geometry from previous projects, meshing according to the new
guidelines and define the process.

| ”’New Project from Version..” is a copy of the old definition !

- Do not use old "master projects”

- If possible, use data from the current MAGMA database, if you use data from your
userdb, compare it with the MAGMA data if necessary
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Switching from 6.0 (or earlier) to 6.1 ‘)\S
//

Some Recommendations

- It is not forbidden to convert old projects to 6.1
- Remeshing is mandatory,

- Use the preset default and initially only adjust the mesh parameters for the cast
material so that approximately the same number of metal cells is generated.

- Do not try to mesh with the old parameters without coarsening - you will burn
money.

- If you're coming from before 6.0, note the change in cooling times

- Use current material data if possible, necessary information for the new solver is
not always available in "ancient" data
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Thank you for
your attention!

Dr. Ing. Marcus Schopen Dipl.-Ing. Hartmut Rockmann
MAGMA GieRereitechnologie GmbH MAGMA Giel3ereitechnologie GmbH
M.Schopen@magmasoft.de H.Rockmann@magmasoft.de
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