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MAGMA ECONOMICS

What? Why? What for?

- M= H|E % #F(Co,)0 et &

(=13
o

fujo

w

Name

Total costs of cast alloy
~  Unit cost of cast alloy
Mass of Casting All 1Ds
~  Unit cost of melting
Mass of Cast Alloy
Total costs of molding
¥ Unit cost of molding
Mass of Cope Box All IDs
Mass of Drag Box All IDs
Mass of Sand Mold All IDs
Total costs of cores
¥ Unit cost of mixed core sand
Mass of Core All IDs
Total costs of sleevels)
v Unit cost of sleeve
Mass of Sleeve All IDs

Total costs of chills

v Unit co:

fix)

@

@

flx)

174
174
@

flx)

@

fix)

Scenario

10.8985

100

46.6808

100

62,304

17.31

01

173.1002

49767

49767

2.6819

0.5

nt
kg
it

kg

€/kg
kg
kg
kg

€/kg

kg

€/kg

kg

€/kg

w

Name

~  CO: Estimation of the Cast Material

CO:z footprint of the cast alloy

CO: footprint of the casting system (recycled)

Number of Casting Materials
v Shot weight
Mass of Casting All IDs

v Casting system

Mass of Biscuit All IDs

Mass of Runner All IDs

Mass of Gate All IDs

Mass of Overflow All IDs

v~ CO: Estimation of Melting

CO: emission factor of gas

Gas consumption of melting furnace

Power consumption of melting furnace

COz emission factor of electricity

Total power censumption of die casting cell

€Oz Estimation per

Joo-Hyung Lee | MAGMA ECONOMICS
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CO:z Estimation of Preparation, Filling, Selidification

flx)

fix)

fix)

Basis

251.983

5,398

56.4081

46.6808

9.7273

9.4387

0.2885

16.968

227.561

0.01

1.992

408

CO2 22t AE

kg COzeq/part
g COzeq/kg

g CO=zeq/kg

kg

kg

kg

kg

kg

kg

kg

kg COzeq/part
g COzeq/kWh
kWwh/kg
lwhy/kg

kg COzeq/part
g COzeq/kWh

kWh/cycle

kg CO:zeq/part




MAGMA ECONOMICS

What? Why? What for?

- Simulation Z1°| ANA =H HI}

"~

R4
#
Yo
Mame Scenario
> Manufacturing Inputs
> Msterial Costs fix) 3831 §perpart
> Melt Costs ) 0102 § per part
»  Tooling Costs S 73 S/part
Production Costs /() 11464 $/part

> Per Part Cost
Total Project Cost
Projected Revenue

Profit

flx) 24.21
S §,050,746.63
flxy 10,000,000

) 3,949,253.37

Joo-Hyung Lee | MAGMA ECONOMICS




MAGMA ECONOMICS
What? Why? What for?

" —_ IS Objective Ecpression Editor o X
- —*—l &ll 2" O.” A-l 7°:| I-II x_-ll % it J_l— E1 7 |-% Objective Definition

Create or edit an expression for an objective of an optimization task.

(Expression - 1:21 e~
{Number of cavities]
§ prant 1 ~, 7
7 120 Values = [ | |Function Library
5 2 108 = =
£ > y am = A )
i 7 ; s v = Design Variables Filter | Use function
4 N " o0& — . .
Vaom Yo o0t Tun  Yow e s mSsomety Design Variables Functions Description &
- oo \ 1 o hd . Economics Design Varizbles + Basic
B, 100 i —
0 . [X)| Number of cavities abs() Absolute Valug
T o kT = acos() Arccosine
30 ~ - " :
om0 ou @5 Output Values asin() Arcsine — :
fase oo
Ry f‘;:: :::‘: £ atan() Arctangent = z < > AND
tma  ® a0 aa ot a3 I 5 I avgl() Average Value
n% A4 Economics
ite. e ey ® ceil)) Ceiling s (lz|[ ]l OR
e om  tow  lom e S T ] [X3 CO: Aluminum for series cos0) Cosine =0 o
o - - s
o ot on i (X% CO: Holding furnace for series expl) Exponential Function
Lim 4 Som  fom g, floar() Floor
s [X3+ CO: Holding fumace per kg In0 Netural Logarithm
L $ ous am N .
W ::: (X3 CO: pershot log) Decimal Logarithm = A
19 ) =
- ox s i (@ CycleTime mfx(] Maximum Valug
om2r minf) Minimum Value r 5 & * =
o (55 Die costs per part mod() Medule L
e e ) | W B o i oar Lo e £ 55 [X% Machine costs per hour powl) Power 102 |3 |+ || HOME
F e vy o - in AL A r T TN ST vm v Vo |
[T Machine cacte nar nart © teundQ flound v |
o i Cima 0 E - END
Ascign to Argument Insert to Expression < :
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MAGMA ECONOMICS

What? Why? What for? N
~ EE L A AR LN KB m e ot o
o I Die costs per part
- X O0|HE S B £ A L TZARte| A50| 2 m e cosspr
= Melting costs per
shot
oy el
MAOHASOF1 e Scenario . s Melting costs per
AUTONGMOUS ENGINEERING
CORE COST

] - :
PRODPUCTION MENT

MANAGE

1.3413 $/core

-0.7474 $/core
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MAGMA ECONOMICS
Net Zero of Tools = MAGMA ECONOMICS

CARBON NEUTRAE
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MAGMA ECONOMICS

Net Zero of Tools = MAGMA ECONOMICS
SHAZAZFHE (cBAM) AR RS &} ELAUIE Al

-EU Qujoll £} Al StAsREZOl st - FIR BE3 X 2IE W - EAEE MEE I8t HSRF LCA
CBAM 915 70f T - F7|Rte] PIAR/HE /4% T Y Z T 2] (UNA-LCA, EU )

- Ei7k EU StAuER Solo] 27 Eot ErABIEE V| HX3 X1 Z0j8 2 - LCA 7| XS} EHAuiES 41D 97

Fﬂélz 2z, Y20/, AIME, HZ, H7| | -F2/82 S5 Soko} OEM g2 (U 26.6)

ECyersion= ECsten1* ECanuminivm* ECan* ECpanory + ECazs + ECiranspont

OEATME ) @uEs out @2
CBAM &=
s
CBAM l T 2
S ge .
= 222, E (CES :‘,Gx??. am & GRPE Workshop
A 29| A Carbon LCA of vehicles
EU L ; | E—
14250 kg CO2-eq.  EHAHISZ
24913 HE 2Pl HE =E A HE A S EtAZ2
(Green NCAP) (EtAZAXHEN ) (Battery Regulation) (EU XtSx} EtAHE M) i = =
2022 2023 2025 2026 2045
13 Joo-Hyung Lee | MAGMA ECONOMICS



MAGMA ECONOMICS

Net Zero of Tools = MAGMA ECONOMICS (Et2 ST 8| 5%

U BAIAXRHENE (CBAM) | nYA =alioly XpSat St AUl E A

>

- EU Suhofl =9 A] EtAufS2H0]| vt - Ho|xt HEF XIS 7|E HH - EIAHISR LPYE QI8 XkSXLLCA
CBAM QIS M Fof 2R - Ho|xte] /M ZE/ 5 THAIS| YPE W =9] (UNA-LCA EU §)

- £k EU BtAB S A Bote| 2t ot EEAHIS S o\ HXF X|Z0j8 2 LCA 7|t X}Sx} EtAHISZ M0 QF

- e B, 2205, AIHE, H|E, T J%i‘/?_*i‘ S SOtAlof OEM E2] (EV '26.6-)

EC ersion= ECston* ECatuminium* ECase+ ECoanory + ECars + ECuansport
O PATHHE] K2l QuER o4t @gd

$HE>

14250 kg CO2-eq.

HiE 2] =g, ™7[ASAHE doix=7Ipl 24 Hetd- g0 Feotk| ZotH dfe == =7H

24913 HE 2Pl HE =E A
(Green NCAP) (EtAZAXHA ) (Battery Regulation)

14 Joo-Hyung Lee | MAGMA ECONOMICS
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MAGMA ECONOMICS
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MAGMA ECONOMICS

Estimation of Costs

... OfX| 2t
MAGMASOFT® 0| A
O] H| & HIIE
o€ SiLIR?

MAGMASOFT

nnnnnnnnnnnnnnnnnnn

A new
MAGMASOFT®
Perspective
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MAGMA ECONOMICS

Estimation of Costs

- HI8S AU = A= AME

- NEREH SEEH/IEHo R
Mg 7ts

- EHRI/NE ‘ts

- THE 0Tl Template AR 7t5

- W8 BAY Fx ST o
A HAEDO|E 7S

- HIME 2% 1D U

Ay

W T o
+ Sand Production /XD g @
5 Recources needed to make 3 casting @
-
Cost shares
O Base Line Alloy surcharge New sell price
(7] I 041§
20 B e
] Tort L 04§ . Al charge
- W nev price
@, removal 29 § "
n3s s 5 IJ

.
(=] eparation 19 506 § 651 P pp— | [ | I_,_l
Sap,  Coa, ey

2y Price 035 $Ag 045 " ST ”

9,

ssof CastAlloy @ 144649 kg

nables 1 0 s

roduction Cost /19 1992 § 213 M Scenario ke @ X

21 % 21 8 225 3§
108 § 037 § 258 §

Joo-Hyung Lee | MAGMA ECONOMICS
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MAGMA ECONOMICS

Example : Basic Cost Sheet

- Z=Q TZNMNAO Y3t 7|= Cost sheet A2

-~ HE 2 JEUSR AN MY

L— HA —
- € 3 MAGMA/SI 2| Sheet Xl &
o ANEXE LetMoz X HA|E =03
@y, M= H|&8, 8l H|E, X H|E)

- Lt X| 22 2% Simulation2 2 2B MM

Name Basis
v Alloy costs Sx) 1879 €/part
Alloy costs per kg 2 &/kg
> Mumber of cavities Six) 1 piece(s)
Mumber of Casting Materials (a) 1
v Shot weight Silx) 145512 kg
v Casting Six) 93933 kg
Mass of Casting All IDs @ 923933 kg
v Circular material S 51579 kg
Pass of Biscuit All IDs (_J(_) 17381 kg
Pass of Runner All IDs (_JC_) 22977 kg
Mass of Gate All IDs (_JC_) 0.0239 kg
Mass of Overflow All IDs @ 107817 kg
¥ Melting costs Sx) 1455 €/part
Hourly rate for melting operation 1,000 €/hour
Melting performance per hour 1,000 kg/hour
~  Casting costs Sfx) 223  €/part
Hourly rate for casting machine cperation 100 €/hour
¥  Cycletime machine per part SX) 8036  s/part
Preparation (Definition) @ 425 s
Filling (Definition) @) 28589 s
Solidification & Coeling until Eject (Definition) @ ES
Manufacturing costs per part fix) 3557  €fpart

Joo-Hyung Lee | MAGMA ECONOM
DTSSR




MAGMA ECONOMICS

Add project values

File Edit Tools Database Info Window Help @3

C_] + |MName Value Unit
. fricvs vaue 1 00] | | v X

v : +
% Add Value with Ramge or Expression ﬁ Add Values from Another Sheet

Geometry

@
e}
|

Mesh

Definition @

I Acd
Cast Contact Area|Mas=

Select mass values from current project definition for single materials or for groups of materials to add to the sheet
Some values are already present

b

single material or for

(@
g
0
)
o
(_i
3
o
b
w
&

Select / Unselect All

Economics N val
ame alue
;@ : W casting Properties O v Mass of All Materials 2466561 kg
BRI Casting Properties ¥ Mass of Cast Alloy
? Information about volumes, masses and contact areas of materials in process. m} v Mass of Casting 46.6808 kg
lolioa
Simulation Material MatID  Volume (cm”) 'Mass (kg) Mass (kg) Cast Contact Area (mm?) v~ Mass of Casting All IDs
1 ~  CastAlloy 9657018 67782 70220 4488680
_/-\./ L] v Casting 8575273 587.38 60842 000 [m] Mass of Casting 1D 1 46.6808 kg
| # Casting D1 8575273 587.38 60842 0.00 ‘ . .
Assessment Heat Balance Values ~  Casting System 1321745 9054 9378 4488680 o ¥ Mass of Casting System 56232 kg
n : # Feeder 1D 3 457497 334 3246 2244340 O v Mass of Feeder All IDs 54386 kg
(W Heat balance values calculated from ® feeder D1 A06T7Te 2786 2886 000
. BT A S # Feeder D2 457475 3134 3246 2244340 [} Mass of Feeder ID 1 54346 kg
Result simuiation resuits ~  Filter 508.48 - - 22613.00
# Filter D1 50848 - - 22613.00 m} v Mass of Feedemeck All IDs 04613 kg
- Sand Mold 691556.00 1036.67 103667 141794229 .
# CopeBox  ID1 20573344 44332 443 84644570 m] Mass of Feedemeck D 1 04813 kg
# DragBox D1 319582256 59335 59335 57149658 o v Mass of Runner All IDs 01387 ko
v Core 8530090 23441 23441 101144785
- Core D1 8530090 23441 23441 101144785 [m] Mass of Runner ID 1 94387 kg
v Sleeve 525052 486 486 26457.09
# Sleeve D3 173946 082 082 819,03 [} v Mass of Gate All IDs 0.2885 kg
# Sleave D1 177156 143 143 819,03
# Sleeve D2 173049 262 262 8319.03 a Mass of Gate ID 1 01441 kg
v chill 1841396 11681 11681 57865334 n s of Gate 11 5 n1ae ko
» chill D1 1530355 10935 10935 52015264
» chill D2 311041 746 746 58500.71 a ones)

"Mass at initial temperature

Mass 2t ambient temperature

o ot | [ ]
20 B ONOMICS




MAGMA ECONOMICS

Optimization with Economics

Mame
v Alloy costs
Alloy costs per kg
hd Nurnber of cavities
MNumber of Casting Materials
v Shot weight
¥ Casting
Mass of Casting All IDs
v Circular material
Mass of Biscuit All IDs
Mass of Runner All IDs

Mass of Gate All [Ds

AEOA B2

v Melting costs

Sy

1)
@
1o
1o

e @@ =@

Basis

18.79

2

1

1

14.5512

9.3933

9.3933

5.1579

1.7581

22977

0.0259

€/part
£/kg

piece(s)

—o-
-0— Design Variables
—o—

|Design Variable

Lower Limit (€/hour)

Upper Limit (£/hour)

Step (€/hour)

Hourly rate for casting machine operation

50.0

150.0

30.0

Hourly rate for melting operation 1,000 €/ho
Melting performance per hour 1,000 kg/h
~  Casting costs S 223 €/pa Create O".‘I_iE‘Eti'.."E‘
Hourly rate for casting machine operation 100 €/ho
¥ Cycletime machine per part J) 8036  s/part
Preparation (Definition) ':a) 425 =
Filling (Definition) ‘_Jr_) 28589 =
Solidification & Cooling until Eject (Definition) ‘_Jr_) 35 s
Manufacturing costs per part Sflx) 3557  €/part

21
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MAGMA ECONOMICS
Net Zero of Tools = MAGMA ECONOMICS

>
S
e
$
&
2
Q

Q

v 3.00
T3.00

L100
A 100

&
&

I3

AN

&
&
N
2
o
S
&

R

r

v

116.00
116.00

1108.00

| 100.00
k. 100.00

+4 | Feeder |

400.00

ilFee\der,

1| Feeder

y

b 1400.00

A

5 | Feeder §..

2| Feeder

b 1 | Feeded

=}

12.05

L 8.66

h 566

17.0E+04
/-0.73
0.66 o4
Yoss
los3 6.9E+04
A 53 A 596104

1 1.9E+04

o
i

1.7E+04/
i

134
1.3E+0:

1.2E+04
A 104

i
1.8E404 /. /3’

PR

y 6

11.5(

8.62
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Reduce Porosity

13.68
12.79
11.90
1101
10.12
9.23
834
7.45
6.56
5.67
4.78
3.89
3.00
211
1.22



MAGMA ECONOMICS
Net Zero of Tools = MAGMA ECONOMICS

Reduce Porosity
& [l
S
o &
£ 13.68
>E 12.79
F
T 11.90
T
\Q..\‘J 11.01
1414.89 5 | Feed 10.12
. . 4 e: N 9.23
1440.00 5 | Feeder §.. B 834
745
1 1.96+04 W 656
H 567
478
1 7.0E+04
18E+04 e ™ 38
+4 | Feeder B0 112.05 300
211
122
8.62
r1420.00 —+3 | Feeder /5
7.0E+04
110.60
y
4
1.5E+04
r---feeder 0 1.4E+04
—49.60
9E+04
1.3E+04 3.24
1.36+04 231
400.00 11| Feeder B0 1566 Los3 6.9E+04 1.2E+04 L6936 122
b 1400.00 A 1| Feedef 304 366 0.67 A 596104 A 1 2E404 90.97 A

ZE =AM CO, HiE

Selected Design(s): 94
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MAGMA ECONOMICS

Load from Database

File Edit

C

Project

B

Geometry

WS

Definition

®

Economics

lolioo
Simulation

P
Assessment
N

H
Result

Ad

—

Measurement

Tools

Databasel &

Economics Sheet Database
SI-I Select an economics sheet.

Filter: Sand Mold ing Iron MAGMA Unit System
Database/Filename

v MAGMA

~ Sheet

C02_HPDC_Cold_Chamber_Basic
Calculates a roughly estimated COz footprint per part E
C02_HPDC_H! _Chamber_Basic

gC2_Sand_McId_Casting_Bas\c

ch_Semi_Schd_Baswc

» o Mo Mo

Cost_Sandmold Casting Advanced
*M ave ul ID's -»

Cost_Sandmeld_Casting_Basic

Cost_Semi_Solid_Basic

Cost_Wheel|_Basic

50000000000

English (USA)

[m]
Sheet Title €Oz HPDC Cold Chamber Basic
Sheet description
Name Basis.

v CO: Estimaticn of the Cast Material f(x) 50705 kg COseq/part
CO: footprint of the cast alloy 5398 g CO=eq/kg
€Oz footprint of the casting system (recycled) f(x) 0 gCOzeq/kg

743 1
f(x) 145512 kg
4 93933 kg
~  Casting system f(x) 51579 kg
Mass of Biscuit All IDs o 17581 kg
Mass of Runner All IDs (Z) 2.2977 kg
Mass of Gate All IDs & 00259 kg
Mass of Overflow All IDs (Z) 10761 kg

v CO: Estimation of Melting flx) 4377 kg COzeq/part
€Oz emission factor of gas 227561 g COzeq/kWh
Gas consumption of melting furnace 13 kwhykg
Power consumption of melting furnace 001 kWhikg

v CO: Estimation of Preparation, Filling, Solidification  f{x) 1992 kg CO=zeq/part
€02 emission factor of electricity 498 g COzeq/kWh
Total power consumption of die casting cell 4 kwhyeycle

Concel

24
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MAGMA ECONOMICS

Economics Database List
Sand Mold Casting

CO2 Yz CO2_Sand_Mold_Casting_Basic CO2_HPDC_Cold_Chamber_Basic
Cost_Sandmold_Casting_Basic COo2 &z CO2_HPDC_Hot_Chamber_Basic
H|& Cost_Sandmold_Casting_Advanced CO2_Semi_Solid_Basic
Cost_Sandmold_Casting_Advanced_Imperial Cost_Die_Casting_Basic
Cost_Die_Casting_Rotacast_Basic
Cost HPDC.Cold Chamber Basi
H8 Cost.CC_Basic H| & Cost_HPDC_Hot_Chamber _Basic
ug Cost_Core_Shooting_Curing_Inorganic_Basic Cost_Semi_SoIid'_Basic
Cost_Core_Shooting_Curing_PU_ColdBox_Basic Cost_Wheel_Basic
. Rmon
UTILITY_FUNCTION_IF_ELSE-IF_ELSE_Example
g3 AE UTILITY_FUNCTIOIN_IF_Example
UTILITY_FUNCTION_SWITCH_Example
25 Joo-Hyung Lee | MAGMA ECONOMICS MAGMA
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MAGMA ECONOMICS

Example : Cost Sand mold Casting Basic

= Sand mold casting 7| 2 H|& A|E 3/d 24

- gE HME
- FHEE)
- 30
- &gl
- 4=
- TE
- O A ds 23E HE
- F7IE DY 4 YE BE
- OFE ZH|SZ=RE
o FL AL B - 20kE, EE S
o 23 HIE - HiSH
- 23" HIE - 7] M| HE

Joo-Hyung Lee | MAGMA ECONOMICS

Mame

v

Total costs of cast alloy
v Unit cost of cast alloy
Mass of Casting All IDs
¥ Unit cost of melting
Mass of Cast alloy
Total costs of molding
v Unit cost of molding
Mass of Cope Box All IDs
Mass of Drag Box All 1Ds
Mass of Sand Mold All IDs
Total costs of cores
¥ Unit cost of mixed core sand
Mass of Core All IDs
Total costs of sleeve(s)
~  Unit cost of sleeve
Mass of Sleeve All IDs
Total costs of chills
v Unit cost of chill
Mass of Chill All IDs
Total costs of filter(s)
Unit cost per filter
MNumber of Filter Materials
Total cost of feederneck area cleaning
~  Unit cost per feederneck feeder area cleaning

Cast Contact Area of Feeder All IDs

fix)

@

f(x)

174
174
@

fx)

@

f(x)

74

flx)

@

f(x)

@

fix)

@

a

Scenario
10.8985
100
46.6808
100
62304

17.31

0
0
173.1002

4.9767

49767

26819
0.5
53638
0.5

05

140324

0.01

&t
kg
&t

kg

€/kg
kg
kg
kg

€/kg

kg

€/kg

kg

&/kg

kg

€/mmz2

mm?




MAGMA ECONOMICS

Name Basis
Example : CO2 HPDC Cold Chamber Basic v CO: Estimation of the Cast Material f(4) 251983 kg COzeq/part
CO= footprint of the cast alloy 5,398 g CO=2eqkg
- HPDC coz 7| E Al E ?_*01 Ri CO: footprint of the casting system (recycled) /1) 0 g CO:zeq/kg
Mumber of Casting Materials @ 1
- FRE W FT E0oF B oy = v shot weight S 56.4081 kg
- oha 9 X EFOF MAF FHO| A 2ASE EFA Mass of Casting All IDs @ 466808 kg
- g—_OLH J_-Il”g % %“é'i _6"% E._l'i HH % Eol: v (Casting system fix) 97273 kg
Mass of Biscuit All IDs ‘ZJ 0 kg
- JtA, WY, Bl 2 Mass of Runner All 1Ds @ 04387 kg
o AME, =7, 81, TH| 7SS0 A 2MStE EfA Mass of Gate Al IDs @ 02885 kg
. %75_—11 Al_gl SNl ZOF MH|7F ARBE M Mass of Overflow All IDs 9_/) 0 kg
¥ CO: Estimation of Melting Jix) 16,968 kg COzeq/part
€Oz emission factor of gas 227.561 g COzeq/kWh
Gas consumption of melting furnace 1.3 kwh/kg
Power consumption of melting furnace 0.01  kWh/kg
~ Oz Estimation of Preparation, Filling, Solidification /{x) 1992 kg CO=eq/part
CO= emission factor of electricity 498 g CO=eq/kwh
Total power consumption of die casting cell 4 kWhycycle
. CO Estimation per Part /() 270343 kg COreq/part |
Joo-Hyung Lee | MAGMA ECONOMICS G
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SIMULATING THE PROCESS WITH MAGMASOFT®

Prototypes

Resources

Conventional
Development

Process optimization

- Based on practical tests
- Sequential optimization

Reduce time and costs

Optimized
Development

time

A
\ 4

Resources

Prototypes

Verification
- Simultaneous optimization

- No prototypes

time

The information in this presentation cannot be saved or copied.
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Identifying costs

onmnm“

— Step 1:

— To identify the costs associated with
the manufacturing process

Total casting alloy costs

Step 2:

Total core making costs > To define the costs on each stage

Total machining costs

Total molding costs

Melting costs

Overpouring melting costs



MAGMA ECONOMICS

Cost Breakdown

— Step 2:

25 =

R$ 676.01

— Defining the costs of each stage

Total casting alloy costs 2789624 RS ¥ Total molding costs =& <t 2629985 RS
Fd N ZH|
~ Cost perton ofalloy 4370 RSt ¥ Molding costs per uni 1 R$fkg
Mass of Casting All IDs ® 238036 kg Mass of Cope Box All IDs [7s} 0 kg
¥ Total cost of raw materials 4370 R$/t Mass of Drag Box All IDs % 0 ko
Mass of cast Alloy @ 400322 kg Mass of Sand Mold AllIDs @ 2629985 kg
Total core making costs x 267677 RS
io‘l X-” —|I-H| ¥ Total machining costs 665038 RS
¥ Core costs per unit 1 Ri/kg
Machining costs per unit 006 R§/mm2
Mass of Cores All IDs @ 267677 ko . )
Number of Casting Materials @ 1
Mass of Chill All IDs [74] 0 kg
Melting costs 284 4003 R$/part v Overpouring melting costs| 03755 RS
gafH|
Cost per furnace hou 1,000 R$/hour Loss of molten & %
Performance per hour of melting 1,000  kg/hour v Overpouring costs fix) 0.751 RS/kg
Meltingcostperpar‘t fix) 4003 RS$/part ~ Cost to meltthe overpour Jix) 0.671 RS/kg

H| &
W 181,500

Overall manufacturing cost per part

Total casting
alloy costs
Total molding
costs

@ Total machining

costs

Gwa
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TECHNICAL/FINANCIAL RESULT

Original

1 72,1% 20 %
Part / Metallic Burning the
mold Yield resin
Optimized
2 88,2% 68 %
Parts / Metallic Resin
mold Yield burning

The information in this presentation cannot be saved or copied. MAGMA
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Cost comparison

38% cheaper parts

Original
. Optimized

® Total casting alloy costs fix) 2788624 RS @ Total casting alloy costs flx) 5432523 RS ® Total casting alloy costs Sy 497346 RS
@ Total molding costs fix) 2623985 RS @ Total molding costs Slx) 2401403 RS @ Total molding costs flx) 2105545 RS
® Total core making costs fix) 267677 RS @ Total core making costs fix) 537018 RS @ Total core making costs Sy 535008 RS
@® Total machining costs Slx) 665038 RS @ Total machining costs Jx) 1308119 RS @® Total machining costs Sx) 0 RS
@ Melting costs S 4003 RS/part @ Melting costs Six) 768  RS/part ® Melting costs S 6626 RS/part
@ Overpouring melting costs  /(x) 0.751 RS @ Overpouring melting costs ~ /lx) 03735 RS (0} Overpouring melting costs J) 03735 RS
I @ TOTAL PART MANUFATURING COST f(r) 676.0133 RS I I @ TOTAL PART MANUFATURING COST /() 5225409 RS I I @  TOTAL PART MANUFATURING COST /(1) 4140184 RS I

Metal yield

Metal yield Metal yield

72% 88%

USD 112.67 / piece

75%

USD 87.09 / piece USD 69.00 / piece

40
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Original

MAGMA ECONOMICS

Carbon footprint

With MAGMA ECONOMICS, it is also possible to estimate CO? emissions per manufactured part.

¥ Estimated CO, per part f) 6.784 kg CO.eg/part
CO2 emission factor 285 g COzeqgfkg

¥  Estimated CO, emissions per melt ) 12.958 kg COzeq/part
Electric furnace energy consumption 650 kWh/t
CO, emission factor from the electricity 498 g COzeq/kWh

v Estimated CO, emissions during filling and solidification ) Sl 1296375 kg CO.eq/part
CO, emission factor of silica sand 19.9 g COzeq/kg
Estimated CO, emissions during core and mold production 1,295.842 kg COeq/part

© Overallestimated CO,emissionsperpart /o) 1316117 kgCOseq/part



MAGMA ECONOMICS

Original

42% less CO,

. Estimated CO, per part 6.776

. Estimated CO, emissions per melt 10.724

. Estimated CO, emissions during filling and solidification 1,072.968
. Overall estimated CO, emissions per part 1,090.468

. Estimated CO, per part 6.784

. Estimated CO, emissions per melt 12.958

. Estimated CO, emissions during filling and solidification 1,296.375
.Overall estimated CO, emissions per part 1,316.117

. Estimated CO, per part 6.771

. Estimated CO, emissions per melt 1243

@ Estimated CO, emissions during filling and solidification 1,243,539
. Overall estimated CO, emissions per part 1,262.74

G
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Thank you for
your attention.

Joo-Hyung Lee

MAGMA Engineering Korea Co.,Ltd.

info@magmasoft.co.kr
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