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MAGMA ECONOMICS

What is it ?

O - anew, additional perspective in MAGMASOFT® \
@ - easyto use & free of charge. }

ﬁ - production costs and/or CO, emissions estimation for castings 244

= MAGMASOFT*
MAGMA ECONOMICS provides further criteria — in addition to project infogrmatiz)n
@ quality — for evaluating the best solution: costs and CO.,.
Ot%?z)ation

§ — We are talking about costs, NOT price!

M - Itis NOT a comprehensive cost-/CO,-calculation program!

@i

d
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MAGMA ECONOMICS

How does it work ?
- With support from the cost sheets ...
- ...and the already available information in MAGMASOFT® simulation projects

- ...and without any further input
- ...estimations of costs and/or CO, emissions are automatically calculated.

= Including DoEs
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MAGMA ECONOMICS

What is the benefit ?

- More robust, better and more sustainable evaluations & decisions...

- with additional decision criteria,
- by adding more/different people in the decision making process and

- by gains of knowledge & visualization the relation btw. costs/CO, and quality.

- Furthermore time can be saved in the development process by
- early considerations of costs and CO, emissions in the simulation phase and by

- avoiding unnecessary simulations.

Feeling?! VERSUS Quantitative Values!
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MA.-MA

Live Demo
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MA.-MA

Combine 3 dimensions

- quality

- manufacturing costs

- carbon footprint per part)

and determine your optimum with
MAGMASOFT 6.1 ECONOMICS
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Economics Workflow using the example of a DoE

Open Economics Perspective to load a sheet from database

File Edit Tools Database Info Window Help B K

0 + o 3
>

lm No sheet defined. Load sheet from database...

® .

T G :

oeien 3 Start screen: Loading a
| Q basic sheet with default
values or a customized one
@D

Optimization 6’

L

ke | g

o

Ad
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Economics Workflow using the example of a DoE

Open the Economics Database and select a default (Basic) or self-defined sheet

A Economics Sheet Database o %
Economics Sheet Database
Select an economics sheet.
Filter: HPDC - Cold Chamber Aluminum
Econo m ICS Sheet Database/Filename Sheet Title Cost HPOC Cold Chamber Ba

hd MAGMA Sheet description Calc

database with

v Sheet

fllter funCtlon for U CO2_HPDC_Cold_Chamber_Basic Name Basis a0 |
d I
rocess mode «
p Cost_HPDC_Cold_Chamber_Basic v Total cost of cast alloy f(xX) 2818 €/part
0 . Calculates the roughly estimated manufac
and m aterl al type . U Finance.at_Company Unit cost of cast alley per kg 3 €kg
3 ! ¥ Number of Casting Material @ i
PreVIeW and D FUNCTION_IF_ELSE-IF_ELSE example e T e ©
I . f h v Shot weight Jx) 145512 kg
Se eCtIOn O t e U FUNCTION_F_example Mass of Casting All IDs (a) 93933 kg
deslred template o FUNCTION_SWITCH_example ¥ Casting system f(x) 51579 kg
D HPDC_Cold_Chamber_Cost_Sheet_and Mass of Biscuit All IDs @J 17581 kg
Mass of Runner All IDs @ 22977 kg
User Mass of Gate All IDs @ 00259 kg
Mass of Overflow All IDs @ 10761 kg .
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Economics Workflow using the example of a DoE

Linking a cost sheet with values from another sheet (e.g. to pre-calculate a PCF)

s

ggggg = Value = it i 7 X @ =] ra EI] atar @ DO, B X
s @C Add Value with F =] eet Add P Manufacturing costs ...
43.17 €/part

LI n kI ng tWO Separate Cost allocation per part (%)

@ @0 & M+

@ Name
. sheets with their .
16 © values and
@ s calculation formulas:
@ = “+” symbol on top left
= 2 s and selection
ol “Add values from T8 X
ad i another sheet”
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Economics Workflow using the example of a DoE

Integrate all values from the carbon footprint calculation into the existing sheet

[

Fle Edt Toos Dewbase fo Window Hep [ me
[

Cost HP 544 pataset values

Calculates t
-> Rows mg

1M +

Database/Filename

a)
:

Selection of the
o| v W o desired CO2-sheet.

@,
z

¥ €O, Estimation of the Cast Material f¥) 50705 kg COseq/part
st . €O, footprint of the cast alloy 5398 g COeq/kg E th | t f
@ n CO2_HPDC_Cold_Chamber_Basic . flx I er Se eC Ion 0
| o Calculates a raughly estimated CO; footprint per part €O, footprint of the casting system (recycled) () 0 gCOeqkg . .
. @ P T T @ individual
52 Semi Sol v Shot weight ) 145512 kg o
@ n €02 Semi_Solid_Basic I / | I t
L T e values/calculations
(] () ot HPPC Cod Chamber Basic i
I select
2 . M —— or overall selection.
Simulation @ D« Mass of Biscuit All IDs @ 111 kg
=z @ oo Moot @ 297 kg Redundant values
Assessment B Hoishosen Mass of Gate All IDs @ o058 kg o I b
@E .v Mass of Overflow All 1Ds @ 10761 kg Can Slmp y e
Resu " — ¥ O, Estimation of Melting fx) 4377 kg COseq/part Ove rwrltten .
Ad O, emission factor of gas 227561 g CO.eq/kWh
—_ v
Measur T P S R R
- < W import X
The sheet alreadly contains 8 of your selected values
= v

Overwite al skipall Decide for each value .
[ 2] oK Cancel

Production Cycle/Salidification & Caaling until Eject C@) [ s A Total cost of cast a‘loy_

c 0 5 1 <
Manufacturing costs per part J1) 4347 epant 0 5 10 1=
W Basis
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Economics Workflow using the example of a DoE

Define the objectives and/or design variables for the DoE in the merged sheet

. B - %
£) 4 conpoc cold chamber Bsic /X0 3@ B e fi Po B X

e & = B By right-clicking on the
2 & - o desired row and then
2. X = s tm : | defining it as an

10, e N D ——— < “Objective” or “Design

"Manufacturing costs per part’

Variable” with a left
mouse click, any

L)
“@ M

Y | 1000 | § Create Objective X
Eﬁi L " :!Y o ::‘::rj‘(:ltwc”[D)E»hmallmnpcrpdrl' has been created for economics value "CO; Estimation number Of Values Can be
' v eo3s
- @ e dded to th
,A_.d. = “ | Cost alloca a e 0 e

.....

AR T B e Desin ot d optimization
1 o i el el stiionni it ol perspective. After each
selection, information
windows appear, which
are confirmed with

Y

(2N BE

“Close”.
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Economics Workflow using the example of a DoE

Definition Overview in Optimization Perspective and preparation for the DoE

File Edit Tools Database nfo  Window Help B

v Q' Definition Overview

Template
—0

v =0= Design Variables [Possible designs: 32]

/|0

Geometry Bohne-1 - active
Geometry Bohnen 2 und 3 - active

Total power consumption of die casting cell

W @

/7N Measured Data

v Objectives

Porosity gesamt

Definition

©

Economics
Lufteinschlisse gesamt
| )f(f)) Smooth Filling
Optimization Manufacturing costs per part
ﬁ CO, Estimation per Part
o100
Simulation u Constraints

v [ settings Overview

P

[/11] start Sequence [Numbe

P
(&) Keep Options

07.10.2024

Optimization X &

Geometry geometry_exchange_001 - Activated item

Overview

—
-0— Design Variables
—o0—

Design Variables Plots

Design Variable

Data Table Material Definitions

Selection

Geometry geometry_exchange_001 - Activated item 1| Runner-A-(like-die)

Design Variable
Geometry Bohne-1 - active

Geometry Bohne-2 - active

O®

Geometry Bohnen 2 und 3 - active
Design Variable

Total power consumption of die casting cell

Objectives

Name Type Value
Porosity gesamt Minimize
Lufteinschlilsse gesamt Minimize
Smooth Filling Minimize
Manufacturing costs per part ~ Minimize  ~
CO;, Estimation per Part Minimize  «

2| Runner-B
3 | Runner-C
4 | Runner-D-(Final Version)

Lower Limit (kWh/cycle) Upper Lim|

30 40

Expressicn

[Cycle 2/Salidification & Cooling until Eject/Porasity/End of 54

{Cycle 2/Filling/Air/End of Filling/Avg/Casting ID 1}
(Cycle 2/Filling/VOF/Max Free Surface of Cast Alloy Class]
{Manufacturing costs per part}

{CO; Estimation per Part}

| Workshop HPDC - MAGMA Economics | International MAGMA User Meeting 2024 | Frankfurt

Start Sequence

In this example, all
objectives are to be
minimized. Design
variables were defined
for the gating and
venting system as well

as for a variation of
casting cells with
different power
consumption. Total
number of designs in this
case: 32
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Economics Workflow using the example of a DoE

Start sequence (DoE) to calculate a total number of different designs

07.10.2024

Press “Start Job” in the simulation perspective and

select “Start Sequence” in the context window.
Then run the DoE by pressing the “Start” button.

W@ B0

P Quevel

Jab Info

[Z¥ Mercury Economics DoE Quality+Costs+C02/v42

= Job Info

il
1d 18h 30m

labs

[ Current Project Version

b Queve

Jal Current Step
Eiv: Mercury Economics DoE Quality-+Costs +CO2/wd2 Finished

Job Output

[ Mercury Economics DoE Quality+Costs+C02/v42

Start Sequence
STATUS 702-
STATUS 702
MESSAGE

T server 127.00.1:57054
127.0.0.1:57054

STATUS 729-1001 Phase *Prepare Optimization® is at 0.00%

e Edit Toals

o mWi® 80

i’ ®

)

Dat

8 start Job

Start Job

abase Info  Window Help

Configure and start the simulation of project version Mercury Economics DoE Quality+Costs+ CO2/v42

Job Type

Simulation
® stant Sequence

Optimization

General Job Settings

Target queue

Start type

Mu

Version path

mber of cores

Optimization Job Settings

Select Resume Point

Parallel designs

Job details

=

Start immediately ~ No Queueing Service
New — Remove existing designs

16

loliool

C:/Users/T.Wilden/MAGMAprojects/User Meeting 2024/Mercury Economics DoE Quality+Costs+ CO2/va2

New — Remove existing results

2x8 Cores

Calculate the start sequence (32 designs).
A total number of 32 designs will be calculated.

10 GB estimated peak memary for this job

2 wamings ¥

| Workshop HPDC - MAGMA Economics | International MAGMA User Meeting 2024 | Frankfurt

Start

Cancel
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Economics Workflow using the example of a DoE

Porosity results — 2 best and 2 worst designs

Porosity ) Porosity
A % A %
86.4 86.4
* Empty ° Empty
- 86.40 — 86.40
Best r 20.23 I 80.23
74.06 74.06
PorOSIty 67.89 67.89
> 61.71 E 61.71
o 55.54 55.54
deS|gnS 49.37 49.37
7 ‘ 43.20 z 43.20
37.03 37.03
D6 / D22 @ /1 | 30.86 @ 4' ! 30.86
@ Iy X _— 2069 @i X —_— 2469
——— fl 1851 —&— W 18.51
AN % - 12.34 N r 12.34
6.17 6.17
0.00 0.00
v42_dé - o va2_d22 - 0
Cycle 2, Solidification & Cooling until Eject, Porosity Cycle 2, Solidification & Cooling until Eject, Porosity
37.850s, 98.44 % 37.8595, 98.44 %
X-Ray: on, range [1.00, 91.26] % X-Ray: on, range [1.00, 91.26] %
. Porosity . Porosity
- % A %
86.5 86.5
- Empty - Empty
86.50 86.50
| |
WO I’St 80.32 80.32
74.15 74.15
. 67.97 67.97
POI‘OSlty A 61.79 E 61.79
55.61 55.61
0 . 49.43 49.43
designs: 7 2
37.07 37.07
D 13 / D 2 9 @ 1, | 30.89 | 30.89
@Iy x — 24.72 — 2472
=T i W 18,54 iy 18.54
] _— 1236 -_ 12.36
6.18 6.18
0.00 0.00
va2_d13 ol 0 vaz_d29 = 0
Cycle 2, Solidification & Cooling until Eject, Porosity Cycle 2, Solidification & Cooling until Eject, Porosity
16 07.10.2024 37. V\ﬁé#k?zho{p HPDC - MAGMA Economics | International MAGMA User Mé&iﬁg?ﬂm l Frankfurt G
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Economics Workflow using the example of a DoE

Air results — 2 best and 2 worst designs

Air Air
o kg/m* kg/m?
| 599.2 599.2
Empty Empty
. / 599.2 599.2
Best Air i
| I 5136 - 513.6
dESI ns: Ay, 4708 470.8
g . : oy 4280 b 4280
- 385.2 385.2
D4 / D20
- y 2996 7 2996
256.8 256.8
j 2140 @ B ) 2140
o . N - W 171.2 @ X .. 171.2
3 :" Y i 1284 N\ > i 128.4
o “X{ i 8.6 _ 856
t P if o 3 428 El [ 42.8
v - -
. 4 I 0.0 ) 0.0
va2_da { | Tt 0 v42_d20 0
Cycle 2, Filling, Air ¥ % ’ Cycle 2, Filling, Air v
2.871s, 100.00 % V. ; 2.871s, 100.00 %
X-Ray: on, range [0.50, 599.24] kg/m* . X-Ray: on, range [0.50, 599.24] kg/m*
Air Air
kg/m* kg/m*
482.6 482.6
Empty Empty
4826 4826
Worst Air
. | 4136 4136
. . . » 3792 379.2
deS|gnS ] N £, - I 344.7 - < T 3447
" i, 3102 3102
D14/ D30 T
7 L j ,," o 241.3 3 2413
. ¢ ¥ " 206.8 “ 206.8
% ) 3 e 1723 1723
™y x ‘ X 137.9 | - 137.9
@ — 3 T . Ak |
t ) BN S 103.4 T 103.4
N Y v - 68.9 s i 68.9
gy . \ 345 ¥ 345
4 S i 00 g 0o
vz dia i e /] 0 va2_dio 0
17 07.10.2024 Sndikersp HPDC - MAGMA Economic%ﬂlernational MAGMA User Megtifig 204" | Frankfurt " « G
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Economics Workflow using the example of a DoE

Design 3 as optimum compromise between quality, costs and carbon footprint

527.3

D3: Air
result

va2_d3 [1]

18 07.10.2024 gvafﬂi\f\y&%hop HPDC - MAGMA Economics | International MAGMA User

X-Ray: on, range [0.50, 527.30] kg/m?*

i
kg/m?

Empty

527.3
489.6
452.0
4143
376.6
339.0
301.3
263.7
226.0
188.3
150.7
113.0
75.3

37.7

0.0

va2_d3

Viaatifig:
X-R gl

D3:

Porosity
result

B R

ay: on, range [1.00, 91.46] %

78.39

71.86

65.33

58.79

52.26

45.73

39.20

32.66

26.13

19.60

13.07




Economics Workflow using the example of a DoE

Display of results using Parallel Coordinates

+57.07
+57.04
+57.01

—+56.80
+56.77
+56.74

~+-56.58

+56.54

Ao
Selected Design(s): 3

19 07.10.2024

L3.00 Lses1
A5

o
F o <&
£ oL N
§ &f §
N &2 S
3¢ L &
"\"J "\ " 69E+05
0.46 T096 T169E+05
11676405
+0.96
11656405
095
+1.64E405
11636405
1626405
D 11616405
11,57€+05
S 11.55€405
0.94
0.
032 4
11516408
093
92 11486405
093
093
024
023
092
11406405
4021
$0.20
1019 41376405
1018
Lloaz los2 11356405
b 0.17 Ao A 1356405

43.72
43.67

o377
T43.77 43.62

43.57
43.52
4347
43.42
a2 4336
B 4331
o 43.26
| | 43.21
=i 43.16
o 43.11

43.06

43.01

4-43.09

44301
A\ 43.01

G
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Presentation of
DoE-Results:
Design 3 on the
energy-efficient
machine is the best

compromise
between quality,
manufacturing
costs and carbon
footprint per part !




Economics Workflow using the example of a DoE

Presentation of results as a Main Effect Matrix
B =

Correlation
1.69E+05 | E m 1000
= i i m 0875
£ i m 0750
£ m 0625
z 1526405 oes
s 0.375
& 0.250
1356405 0.125
0.96 0.000
- 0.125
H ' ’ -0.250
g —————————— o -0.375
= 0.94— : ' ¢ m 0500
H : B -0.625
&= m 0750
0.92 m 0875
877 H 1000
ol
€T
£k
53
25 4339 —_— .
£3
=
5%
S8
4301 |
0.46
%
E
=
[y 031
§ E
EL)
017
57.30
c
)
B
EV 56.91— [
E
&2
Og
Sa
56.51

3.00 4.00 off on off on 1|.. 2|Runner-B| Runner-C 4.

Total pawer consumption of die Geametry Bohne-1 - active [] Geametry Bohnen 2 und 3 - active Geametry geometry_exchange_001 -
casting cell [KWh/cycle] [l Activated item [-]
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Economics Workflow using the example of a DoE

Presentation of results as a Data Table with equal weighting of all variables

Rank
Rank 1
Rank 2
Rank 3
Rank 4
Rank 5
Rank 6
Rank 7
Rank 8
Rank 9
Rank 10
Rank 11
Rank 12
Rank 13
Rank 14
Rank 15
Rank 16
Rank 17
Rank 18
Rank 19
Rank 20
Rank 21
Rank 22
Rank 23
Rank 24
Rank 25
Rank 26
Rank 27
Rank 28
Rank 29
Rank 30
Rank 31
Rank 32

07.10.2024

Design 4

Design 7

Design 15
Design 11
Design 19
Design 1

Design 16
Design 12
Design &

Design 5

Design 20
Design 9

Design 23
Design 31
Design 27
Design 2

Design 13
Design 17
Design 32
Design 28
Design 24
Design &

Design 21
Design 25
Design 10
Design 18
Design 29
Design 22
Design 26
Design 14
Design 30

Total power consu..
30
3.0
3.0
3.0
3.0
40
30
3.0
3.0
3.0
3.0
4.0
3.0
4.0
40
4.0
3.0
3.0
4.0
40
40
4.0
30
40
4.0
3.0
4.0
4.0
40
4.0
3.0
4.0

| Workshop HPDC - MAGMA Economics | International MAGMA User Meeting 2024 | Frankfurt

Geometry Bohne-1...
0.0
0.0
1.0
1.0
0.0
00
0.0
1.0
0.0
1.0
1.0
0.0
0.0
1.0
10
0.0
0.0
1.0
0.0
1.0
0.0
1.0
10
10
0.0
0.0
0.0
1.0
10
0.0
1.0
1.0

Geometry Bohnen ..
0.0
0.0
0.0
1.0
1.0
00
0.0
1.0
1.0
0.0
0.0
0.0
1.0
0.0
10
1.0
0.0
1.0
0.0
1.0
10
0.0
00
0.0
1.0
1.0
0.0
1.0
00
1.0
1.0
1.0

Geometry geometr...

3 | Runner-C
4| Runner-D-(Final
3| Runner-C
3 | Runner-C
3| Runner-C
3| Runner-C
1| Runner-A-(like-

4| Runner-D-(Final ...
4 | Runner-D-(Final ...
4 | Runner-D-(Final ...

1| Runner-A-(like-...

4 | Runner-D-(Final ...

1| Runner-A-(like-...
3| Runner-C

3 | Runner-C

3| Runner-C

2 | Runner-B

1| Runner-A-(like-...
1| Runner-A-(like-...
4 | Runner-D-(Final

4| Runner-D-(Final ..
4 | Runner-D-(Final ...

2 | Runner-B

1| Runner-A-(like-
1| Runner-A-(like-...
2 | Runner-B

2| Runner-8

1| Runner-A-(like-...
2 | Runner-B

2| Runner-B

2 | Runner-B

2| Runner-B

CO; Estimation per...
56.51
56.74
56.54
56.58
56.55
57.01
56.51
56.8
56.77
56.77
56.54
57.24
56.55
57.04
57.08
57.04
56.74
56.58
57.01
57.3
57.27
57.27
56.77
57.04
57.04
56.77
57.24
57.07
57.27
57.27
56.8
573

Lufteinschlisse ge... Manufacturing cos... Porosity gesamt (-)  Smooth Filling (-)

0.209
0.169
0.199
0.19
0.185
0.209
0.207
0191
0.209
0.184
0.228
0.169
0.24

0.199
0.196
0.185
0.207
0.201
0.207
0.191
0.209
0.184
0317
0228
0.24

0.338
0.207
0.201
0317
0338
0.458
0.458

43.01 0.939 151206.7

Presentation of results as data
table:

With 100% equal weighting of
all optimization objectives,
Design 3 is recommended as
the best solution.

In this example, the porosity

results of all calculated
designs in particular lie within
a very narrow range.

This trade-off is solved using
the roughly estimated
manufacturing costs and the
carbon footprint per part.




Economics Workflow using the example of a DoE

Detailed view of all calculated designs and their values using the Compare Dialog

Using the Compare dialog, all calculated values of the design
= Variables and the objectives with their distribution to the
Select the =l individual designs can be listed and analyzed in detail. The
desired designs. Bl screenshot shows the partial results from “Economics” with a

@ B

Then right Sl |ist of the individual cost items and the CO2-Estimations.

mouse button
and “Compare”
from the context

mFcleYeRd

OcsAe

@@ O
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MA.-MA

Thank you for
your attention.

Tobias Wilden

MAGMA Giel3ereitechnologie GmbH

t.wilden@magmasoft.de



