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1.4 Process development
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1.1 General considerations
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History of metal forming

%

First iron workings Wrought iron
appear in Anatolia, is invented
Mesopotamia and Egypt by the Hittite
Early copper workings First bronze tools made The use of bronze The use of iron
from Anatolia in Mesopotamia and Egypt spreads to Europe spreads to Europe
o y : |.
: Bronze Age ! Iron Age
24) , A I /S x - ] '
. . L 3 A -
8000 B.C. 3000B.C. 1000 B.C.
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History of metal

forming

First ron workings ‘Wrought iron
iisiprini- s veres
Wesopotamia and gt oy v ke
Early copper workings First bronze tools made The use of bronze The use of iron
from Anatolla In Mesapotamia and Egypt spreacs to Europe spreads ||u Europe
o -
8000B.C. 3000B.C. A 1000 B.C.
--------------------------------------- ; Today
-
i 1000B.C 500 1500
E 7 =
$ Ancient World
' -
The first anvils are used
by the Egyptians, Development of Development of Development of
Greeks and Romans crucible steel in India Damascus steel first rolling mills
in Syria

Invention of the blast
furnace by the Chinese

Today

N | STt .
Modern Times
First usage of coke | Development of the

for iron making by | Bessemer converter
Abraham Darby by Henry Bessemer

B

Invention of the
electric motor by
Johann Kravog|

Invention of the
steam hammer by
James Nasmith



M past and present of metal forming in Korea
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Cold forgings per passenger’s car (kg)

Advance in forging technology

Evolution of forgings

if 1965

70 5 80

90

I [
Forging before forging

Forging after machining
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M China forging market for auto parts
2 o i

BRIMET  Bijing Research Institute of Mechanical and Eleetrical Technology
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% Concept of forging and terminologies

Dashed line is for unloaded state. o= Easy-to-learn forging (JSTP)

Y ]

/ Press |\" O

Noise L= T Spatial system
Heat Force '
Pressure, friction, heat Heat

Q

_ﬂ._

B == @Q@ -L'—_/ o’

Billet Preform/ : Die

i oo R Forged
i material

Noise, Heat
Lubricant ﬂ Electricity Scrap

Trimming Final forging

Rod =)
=~
Vibration ——— 7 Time system
External and internal draft angles
Flash Land

Flash

Gutter Rib

Parting——»! “ J—Web
line

, F Fillet
Land / e Corner

Flash Trim line
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World market of forgings

WORLDWIDE PRODUCTION PER REGION in ‘000 Tons in 2013

(From AFM 2014, Taiwan)

-

Taiwan 1.316
Korea 748
Russia 730
Brazil 417

\

Australlia 356

0
38% China 9.550

23%
Europe 5.875

J

Japan 2.205 |
14%

9%



% Customer segments in Asia

(unit: million tons)

Automobile 4.645 1.239 1.577 0.679 0.691 8.832

Industrial, engineer

and construction 3.252 0.410 0.373 0.325 0.235 4.595

machinery

et 0.110 0.086 0.022 0.008 0.006 0.226
Others 2.014 0.270 0.234 0.233 0.185 2.936

Industrial,engineer and
construction machinery

Transportation Equipment
1%

B Industrial,engineer and construction
machinery
B Automobile

m Transportation Equipment

B Others



% Forging process statistics in Asia

(unit: million tons)

Hot forging 0.995 9.319 2.008 2.089 1.144 15.555
Cold forging 0.122 0.696 0.096 0.118 0.101 1.133

18.000

16.000

7%

14.000

12.000

10.000

8.000

6.000

4.000

2.000

H Hot forging

Taiwan China India Japan Korea Total M Cold forging



% Hot Forging Statistics in Asia

(unit: million tons)

Close die 5.073 1.462 1.721 0.998 0.954 10.208
Open die 2.864 0.304 0.111 0.045 0.012 3.336
Ring rolling 0.901 0.077 0.234 0.079 0.010 1.301

Ring rolling

0%  \ -

i Close die
i Open die

Ring rolling
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Labor statistics in Asia

143,000 21,042 14,413 5,265

Labor

Korea Taiwan
3% 4%

Japan
7%

E Taiwan
W China
" India
W Japan

m Korea

Japan 7%
Korea 3%

7,763 191,483
Production
Korea /Taiwan
7.5% 6.7%
India
12.6%
China
60.0%

Taiwan  China India = Japan M Korea

Japan 13.2%
Korea 7.5%
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Energy consumption ratio

Cold forging

Forming
(2.3%)

Cleaning
(12.9%)

Drawing
(0.5%)

Hot forging
- Shearing

F
(%fglz)g (2.0%)

Heat
treatment
(36.0%)






1.2 Forgings



Metal formed products
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Auto-transmission
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M Bearing parts

Suspension &
— C.V Joint application

E.




Detailed view of hub bearings, CV joint, etc.
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Second generation



M  Aluminum forgings for automobile parts
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Precision forgings for automobile parts

<Scroll>

<Helical Gear>

<Diff Side Gear> <Quter Cone>



Hot forgings for automobile parts
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Hinge parts
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Hot forgings

Axi-symmetric hot forgings and variants

Gear blank



Combined warm and cold forgings




M Cold former forgings for automobile parts




Fasteners




yx

Construction vehicle, agricultural or defense vehicle




Aircraft forgings

Boeing 777,
Support beam
of landing
gear,

Al forging

Ti alloy forging, Boeing 747,
Support beam of landing gear
(50,000ton press)

Ring disk of large
aircraft engine
(600kg)

Disk shaft of large
aircraft engine

23 ft aircraft wing spa




Very large open die forgings

B g : T e i S i

1992, low pressure turbine rotor, 25 ton, open die forged by 10000ton press
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% Ship engine or power generation engine

CYLINDER COVER

PISTON HEADPIN

3

CROSS HEADPIN

MAIN JOURNAL

CONNECTING ROD

CRANK SHAFT

Himsen engine

N- »




M Wind power generator

= Nose cone

* Gear Rim * Tower Flange = Pitch Bearing

. Yéw Bearing = Rotor Brake




Micro-forming

100um
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<Forward-extruded micro gear shaft>

<Cold headed micro parts>
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Coin and medal, accessory

Gold Medalist
Yuna Kim
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Swaged parts




Flow formed parts




Spun parts




Miscellaneous parts







1.3 Important factors in
forging industry



Various forging machines

: High speed tendum press
Servo press

HBP-Series

Part former

Lo .

o5

Transfer press

Ring rolling mill

Micro-former Counter-blow hammer m/c Hot former


http://www.hanoul-tec.com/product/pro_08.htm
http://www.hanoul-tec.com/product/pro_08.htm

Various forging machines

Radial forging m/c

Small ring rolling m/c

Cross-wedge rolling m/c

Swaging m/c

Roll piercing m/c



Die set
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Upper die p Workpiece
(@ 274%2274)




Automation

32

Dial loader
Guide wE]M
Hopper @ JNE=
AN Chute -
T
\ \ Out conveyer
b
]
/ /|

O Multi-linkage robot O Servo transfer O Mechanical transfer




Die making machines




Die making machines

Auk (Eci2/oF NARA 6020) gt (ONG-IL) T A| ' ME{ (B CH 2 OH(KV75)) H{A| 2 MIE{(BONG SHIN(1100 VNC))
620x2000L) (@850x1500L) __ (1700x650x600) (2200x1100x900)

A%k (SEL6LL KO KI) U7 (BONG SHIN BM-U6N) 15 7+27|(KITAMURA 3XIF) 05712 7| (2| of HI-V560M)
(@1200x2500L) (1000x300x450) (950x400x500) (1200%500%600)

U3 (KITAMURA KMU-5) HA|'JHE| (BONG SHIN ON-3V) CNCHE 2 (L 0F KBN 135CL)
(1600x360x600) (1200x400x500) (4000x2000x2000)

13 2 7| (XERMAC XHC-240) 14
(1200x700x700)

M 7| (XERMAC  X40B) = 17| (XERMAC X20) - D{A| JMIE{ (8] AJU 25/405)
(2600x1400x1100) (1200x500x1000) (1400x600x600)




;‘; Measurement and test equipments

Magnetic Particles Inspector

Spectrometer

Universal Testing Machine

Co-ordinate Measurement Machine |

Contracer

Spot Thermometer

Metal Microscope

Ultrasonic Tester

Brinell, Rockwell & Equo-Tip
Hardness Tester

Polishing & Cutting Machine




Heat treatment
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Forging line and automation

Manufacturing line

AC servo transfer feeder



Material for cold forging

Material test

900
750 |~
| E :7-
S 600 i e
S (_/ ———— SCM435(0%)
7 | ————  SCM435(10%)
2 450 —— SCM435(20%) |
s — SCM435(30%)
b ————— SCMA435(40%)
g — SCM435(50%)
= 300
150
0 i | | | | | | | | | | | | | | | | | | | |
0 0.2 0.4 0.6 0.8

True strain



M Material for hot forging
& )

© STB2 tensile test © Maximum elongation

—o0— SR=5 :
: ’ —v— SR=50

T T T T
800 900 1000 1100 1200 1300

80 4

60 -

40 4-

Reduction Ratio (%0)

Temperature (°C)

: 900.0°C

A

B : 1000.0°C

C : 1100.0°C

D : 1150.0°C

E : 1210.0°C D
Max. 1230°C

Min. 680°C




M Friction and lubricants, coating

Lubricated coil Lubricated billet Lubricants

(o

TiN coated punches and dies

Graphite powder

TD treated WC punches



% Sequence of bolt making process

Coil treatment I
8 N Y = J

: ,g_-,za..!::-rrﬁ Al

S |

Forging I Thread rolllng I Heat treatment I

Storing I Packaglng I




M
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Ball bearing manufacturing process

Raw
material

Forging

Annealing

Cold rolling

Soft grinding

Turning

Process |,
flow |

i .J

Machine
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Coining process
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1.4 Process development



% Technology Innovation Center(TIC) of GNUCT* =™

200 bevel gears developed,
150 for Japan, 50 for domestic appl.

Korea leading research group
for powder metallur
S/W P gy

AFDEX

PMsolver
PIMsolver




Process design and CAE
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% Development procedure of forging process

Development
planning

Die design
CAM
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% Development procedure of bevel gears in GTIC
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Bevel gear cold forging - Modeling, CAD
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Modeling of bevel gear

Compare the Master gear
and Modeling



M Bevel gear cold forging - Examples of CAD model

(1) KANZAK] (3) YANMAR (4) ISEKI




Bevel gear cold forging - FE simulation
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Bevel gear cold forging - bie set design
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Bevel gear cold forging - cawm, bie making
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% Bevel gear cold forging - Try-out

© Forging equipment © Enclosed die set © Dies
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Bevel gear cold forging - Evaluation




