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Profile ACASTMAN

CASTMAN CO.,,LTD

e Location

=  Seoul Office : Seoul, Korea

» Factory/HQ : Hwaseong-si, Gyeonggi-do, Korea

 Business Fields
= Copper(Brass) Die casting

= Salt core Die casting (Aluminum alloy)

« Competitive Edges

= Mass production performance for Copper die-casting ' .-'/
. "\‘\" ,'! : J-‘r‘
» Leading-edge technology for Salt core 3 &' I b:-.x-_:.r
- | . | ¥ av 700y
= Optimized Design Capability for mass production P JIJ‘J’Z -
~ 3*

= Numerical analysis : CFD, FEA




CASTMAN CO.,,LTD

reparing 1997.11 STIC&D CO., LTD. Established

= Engineering consulting in casting & fluid dynamics & heat transfer
2010.09  cASTMAN CO., LTD. Established
== Copper rotor R&D request from KERI

2011. 05 R&D Center Established

2011. 06 1S0O 9001, ISO 14001 Certificates acquired

2015. 06 Mass production for Copper rotor

2016. 06 Mass production for Brass Part

2017.12 NET certification from Government (Salt core)

2019. 04 Mass production for Copper heat sink (Cu Die casting)

2019. 11 Mass production for Salt core part (Al Die casting)

!
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Organization A\,CASTMAN

CASTMAN CO.,,LTD

Management

Development Production

i
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Equipment (Production) A\,CASTMAN

CASTMAN CO.,,LTD

Field Machine Spec. Qty Note
125 ton 1 Al
250 ton 1 Cu
High Pressure 350 ton 1 Cu
Casting
350 ton 1 Al
650 ton 1 Al
Salt casting - 1 Salt
MCT - 1 -
Machining Tapping Center - 4 -
Lathe, Milling, EDM - 1 Mold repair
Grinding - 1 -
Finishing
Shot blaster - 1 Hanger, Apron

www.castman.co.kr



Equipment (Quality) A\ ,CASTMAN

CASTMAN CO.,,LTD

Field ltem Spec. Qty Vendor
X-ray (CT) 160KV 1 SEC Co., Ltd.
3D measuring instrument 700X800X500(mm) 1 Dukin Co., Ltd.
Component Analysis M/C Al & Cu Alloy 1 ARL
Pin-hole Tester Decompression 1 KN Tech
Casting Simulation S/W FLOW-3D 1 FLOW SCIENCE
Analysis Microscope 250X150X200(mm) 1 3D FAMILY
Universal tensile tester 100kN 1 KMT
Electro-Conductivity meter 60KHz 1 ELEE:I?S(-;NIC
Infrared Thermometer -40°C~1,500°C 1 -
Slot Inspector Cu & Al 1 -
Digital Thermometer -200°C~1,360°C 1 -

www.castman.co.kr



% CASTMAN

CASTMAN CO.,,LTD

Copper / Brass Die Casting

www.castman.co.kr



Copper Rotors —History

%’ CASTMAN

CASTMAN CO.,,LTD

Application

2010
2012
2012
2013
2014

2014

2014
2015
2015
2016
2016
2018
2018

KERI
KERI
Hyundai
KERI
GEM
Hyosung
KERI
Hyosung
EV
Hyundali
KERI

KERI
KITECH

High speed

EV
EV

High speed
High speed

Industrial

High speed

Industrial
EV

Generator/starter

EV
EV
Industrial

3KW,10KW
30KW
100KW
60KW
2.5KW

2.2KW,15KW
30KW
1.5KW*,2.2KW,4KW
EV

S9KW
100KW
IE4

* Mass product

www.castman.co.kr



Copper Rotors - Size A\ .CASTMAN

CASTMAN CO.,,LTD

: : Comp
App. Industrial EV High Speed
PP 9 P ressor
\ i
2.2KW 15KW 30KW | 100KW || 2.5KW 3KW 10KW 30KW 60KW | 0.75KW
Clients Hyosung Hyosung  KERI Hyundai GEM KERI KERI KERI KERI Japan
118mm 168mm 133mm  160mm 28mm 35mm 50mm 133mm 86mm 55mm
| G | Commm— | m— L | —
o Wl Wlwl

Cal\j/tg‘g 350T  650T  350T  650T  250T  250T  350T  350T  350T 2507
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Copper Rotors — Porosity A LASTMAN

CASTMAN CO.,,LTD

ChinayY

CASTMAN

» CASTMAN : smaller & less porosity




Copper Rotors — Casting Technology

JCASTMAN

CASTMAN CO.,,LTD

Difficulties in Cu HPDC | |

Mold Life

» Damage to die due to continuous exposure to thermal stress

- Thermal stress due to temperature difference in die and molten metal
- Melt temperature : 1350°C, Die temperature : 2~300 °C

- Temperature difference of approx. 1000°C

» Shorter die life span compared to dies for aluminum die-casting

Porosity

» Absence of copper die-casting designs
« Unstable die filling due to high temperature of molten metal

* Increase in shrinkage defects and porosity

Operation Condition

« Difficulty in operability due to high working temperature
» Absence of standards in copper die-casting process standards

« Difficulty in building specialized equipment for copper die-casting

Increase Mold Life

- F » Development of surface treatment technology for
die life extension
» Research and selection of die metal

» Structural design of dies and computer simulation

Decrease Porosity

* Preliminary research through computer simulation

- Heat flow, Solidification, Structural Analysis

Het soot * Optimized copper die-casting designs

Process Optimization

= _V , » Optimization of copper die-casting variables

A
Iz
‘ (S ) * Preliminary research of copper die-casting processes
= »

= , > . « Standardization of copper die-casting processes

- o 7
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Copper Parts — Battery module ALCASTMAN

CASTMAN CO.,,LTD

Extrusion Die casting

Lithium-lon Battery Systems

« Shape change for reinforcement
« Weight reduction

* Mass production

www.castman.co.kr



Copper Parts — Heat sink A LASTMAN

CASTMAN CO.,,LTD

Heat sink for super-computer

Replacing machined workpieces with casting + machining
Cost reduction

Design change suitable for casting

Mass production

www.castman.co.kr




Brass Parts : Seal %CAS_TMAN

CASTMAN CO.,LTD
Hydraulic Pump

—jo

Crescent Seal for Sealing

« Crescent Seal in hydraulic pump
« Replacing machined workpieces with casting + machining
» Cost reduction

» Mass production

e



%CAST MAN

CASTMAN CO,,LTD

Salt Core

www.castman.co.kr



Salt core — Comparison to gravity casting\:CASTMAN

CASTMAN CO.,,LTD

- Schematic diagram Under cut Cycle Time -
Part unable under-cut shape
High mold High speed
non- High Pressure
PUEESEIIS extractable Under 60
Die o AAer®SEC 1 > sand core
casting 700~900 crushed
kgf/cm?
Under Sand core Under-cut
1 kgf/cm?
Remove L g
: sand Oow spee
Gravity TITITH — Q
, ' , About 500sec | Low press
Casting e l.-._‘-l
L 1 > sand core
mold Remove the sand core by
vibrations

www.castman.co.kr



Salt core — High strength salt core

HPDC VS LPDC/Gravity casting
Productivity 1 + Design freedom
Thickness
- High pressure Lovzaglfii;ure
Productivity ++ -
Thickness + -
Roughness + -
Precision ++ -
Design - + ++
Material -- +

%’ CASTMAN

CASTMAN CO.,,LTD

?

@
High strength salt core
(a mixture of industrial salts)

LU
W) oo =5
N — .
= e o00 Salt core is
kgf/cm? removed by
waterjet

Salt core

www.castman.co.kr



Salt core — Advantage compared to gravity casti

] Increase freedom of design
= under-cut is acceptable in die casting
[ Cost reduction
= assembly cost (2piece - 1piece)
= machining cost (assembled face, near net shape)
[J Improved reliability
= 2piece - 1piece
= water proof, leaking
[] Weight reduction by thin wall
= 4~8mm 2> 2mm~4mm

[] Better surface roughness

19

mGCAST MAN

CASTMAN CO.,,LTD
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Salt core — proto type A\ .CASTMAN

CASTMAN CO.,,LTD

Oil pump Housing JTurbo charger housing Knuckle Water pump housing

More than 10 items with Hyundai Motors

www.castman.co.kr



Salt core — EGR Mixer %CASTMAN

CASTMAN CO,,LTD

« EGR Mixer for turbo charger (Hyundai Motors)

« Replacing gravity casting with high pressure die casting
 Cost reduction

« Mass production




Salt core — NET certification (2017.12) A CASTMAN

CASTMAN CO.,,LTD
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%CAST MAN

CASTMAN CO.,,LTD

Competitive Power

www.castman.co.kr



Competitive Power %_.»CASTMAN

CASTMAN CO.,,LTD

» Vertical Integration
(Mold Design, Simulation, Die Casting, Machining)

» Cost price competitiveness
» Total Solution Provider (Cu, Brass, Salt, Al) . ] ) . .
High Yield Rate and High Operation Ratio
* Analysis Equipments(CT, Spectrometer, CMM)

. * Fast Lead-Time

Marketi
Te

»  Worker with Vast Experiences
and Technical Expertise
* Positive Interdependence with

Good Communication
—

www.castman.co.kr



Competitive Power : High Quality

%’ CASTMAN

CASTMAN CO.,,LTD

— Automotive

Pinion housing

Connector Housing for EV car

Weight:97¢g

Spool for Safety Belt

Weight: 110g

Connector Housing fo

—— )

r EV car

Weight: 85¢g

www.castman.co.kr



Competitive Power - Quality

26

&mAR

v REMITIE

Environmental Management System Certificate
CASTMAN CO.,LTD.
KS I ISO 14001:2009 / ISO 14001:2004

he following product or service range

Development, Production and Value—added Service of
Casting(Auto Parts and Industrial Parts, etc.)

LCASTMAN

CASTMAN CO.,,LTD

ISO 14001
Quality Management
System

fIr(mAR

No © ROMS0E

Quality Management System Certificate

CASTMAN CO.,LTD.

meAR

Quality Management System Certificate

CASTMAN CO.,LTD.
‘/‘.\:«'1 /“ }’715/'/.‘/\[,"[;[/‘."/

Manufacture of Casting Parts(Cover, Frame)

ISO 9001
Quality Management
System

IATF 16949
Quality Management
System

www.castman.co.kr
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%’ CASTMAN

CASTMAN CO.,,LTD

Appendix

Development Process

www.castman.co.kr



Development Process : Flow Chart %CAS_TMAN

CASTMAN CO.,,LTD

Mold
Offer Design Tooling [
Parameter
Engineering
Change . . NO
Part Drawing Simulation
YES
Specific Casting NO
ation Drawing
YES
Casting Mold Mass
Design Drawing Product
J T
Z

www.castman.co.kr



CASTMAN CO,,LTD

Development Process : Casting modeling ‘A:CASTMAN

www.castman.co.kr



Development Process : Modeling Review A CASTMAN

CASTMAN CO.,,LTD
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Development Process : Parameters for
~Mold design

Runner and gate system

— Area, filling time, gate speed, plunger speed, ...

Cooling system
— Cooling channel : diameter, length, type (spot, line)

— Coolant temperature, mold temperature, melt temperature

Thermal expansion & deformation
Clamping force (Tie bar component)
Mold base thickness & Deformation
Eject pin force

Casting conditions

Etc.

% CASTMAN

CASTMAN CO.,,LTD

www.castman.co.kr



Development Process : Parameters for

~Mold design

%’ CASTMAN

CASTMAN CO.,,LTD

Part Weight 6.1kg
Mean Thickness 3.0mm
Sleeve Diameter 140mm

Gate Area 1492.5mm?

Gate Size(t x w)

2.5mm x 597mm

Plunger High Velocity

3000mm/sec

Gate Velocity

70000mm/sec

www.castman.co.kr



Development Process : Tie Bar Clamping ‘\:CASTMAN
F CASTMAN CO.,,LTD

pnd quadrants 1st quadrants

3rd quadrants 4t quadrants

www.castman.co.kr



Development Process : Tie Bar Clamping ‘\:CASTMAN
FE ree CASTMAN CO.,LTD

Casting Pressure : 700Kgf/cm?

Index

Clamping Force

Tie Bar Force / Clamping Force Rate(%)

Safety Factor 20%(ton) Rate(%) (Safety Factor 20%)
15t Quadrant 579.31 / 695.17
2nd Quadrant 645.12 / 774.14 81 97
3rd Quadrant 623.14 / 747.77 78 93
4th Quadrant 688.51 / 826.21 86 103

: = AT
Operation Side .
Standard - 579.31

20h2H
645,12

www.castman.co.kr




Development Process : Casting Simulationf\CASTMAN

CASTMAN CO,,LTD

Material : AM60
Plunger Low Velocity : Multi Step

2.2 sec

1200
1000

800 /
600 /
400 /

200
/

0 T T T T T 1
0 0.5 1 1.5 2 2.5

Time(sec)

velocity(mm/sec)

Plunger High Velocity : 3,000mm/sec
Molten Metal : 680 °C

Mold Temp. : 250 °C Total Cell : 32,000,000 EA
Filling Rate : 40%

e



Development Process : Casting Simulationf\CASTMAN

CASTMAN CO.,,LTD

surface defect conce

0.100

0.080

0.060

0.040

0.020

surface defect conce

0.100

0.080

0.060

0.040

0.020

0.000
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Development Process : Mold Design A CASTMAN

CASTMAN CO.,,LTD

: = = ‘.
MOV ASS'Y
Scale: 155

<2D Mold Drawing>

<3D Mold Modeling>

www.castman.co.kr



CASTMAN CO.,,LTD

CASTMA

Mold FEA

Development Process
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Development Process : Mold Manufacturin&gCAS_TMAN

CASTMAN CO.,,LTD
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Development Process : Try-out A LASTMAN

CASTMAN CO.,,LTD
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