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Forging is a manufacturing process involving the shaping of metal using
localized compressive forces and the process of deforming metal into a
predetermined shape using certain tools and press according to the temperature.
Forging provides stronger metal parts than that possible by casting or machining.
Conventional clutch jaw parts have been developed through cold forging and
precision machining; however, fabrication of integral clutch jaw parts for farm
machinery has not been reported yet. These parts were developed by applying a
complex forging technology combining cold and hot forging. The integrated
forming technology proposed in this study will be useful for reducing the
lead-time for manufacturing, improving the accuracy of products, and
eliminating the welding process.

=

—

1. M

— 3L
£ 4 v 2

D

N

P, 40t 57170 ol ALgsle 4 Bz
7Vsol Bl 77} B o] ol

of
o)
)
of
L
2

AaL 9k

ofl
>

T oX L ru
o
X

ol
T
o
i
ki
O

X

=
Aol oldl| wet A dx
28 7, A A
71%(cold hot forging technology)<- W7t
s SR F9)o] 99 Gt dxy
3}, gk 59 RS nese] 3t
AFrehs 71solt W

g0l ofHar gdol

do £ ox
=

l“g] i

N,

g

o,

o2t

[e2

B

oL H1
ne

[~

-

EN

=
gass

&
T‘%

P

£
.

o

e o
S
:

T

¢

BN

* Corresponding author. Tel.: +82-54-330-8020
Fax: +82-54-330-8029

E-mail address: pdh@ghi.re.kr (Dong Hwan Park).

489

= P oA vhEAS 047} &
@4x TN E FHY F5443(flow forming)

A, ook 3ol e AT 5



Dong-Hwan Park, Seong-Chul Han

W 90 U2 e AT AFPUE} Dol E7 3
T PO Aol W 0 AU 150 AT
QL % 9tk FA Jaw FEL B TR0 A4 A 7Y
SO Slsle] Vs B4 As BAVL 03 B,

olgfgt TAME Ay sl e FHI=E Ves
At

F7AE 0]%7] FHA] Jaw FE-E o7l Fag A7 HE
o= oS YA A T A FA o). FA|
Jaw HE] EAo 2= 7 % B9 AUy} QP EE BEoR

71E 209 B BES 9AE JEt 921ES ¢ 0}04 o
A7k 8434 A Y 545 7T & Stk &, B7AE
YAY S| Jaw FFL2 7|E W7 ©F T= G 7102 27
o] FEE 451 AR A& YA o= wsle] 84 34
I AF EAS Qlola 97 v FAT W v S B3
WH 53 d27|% A8o] 7bseith we Ext
AR A s Ate), B 2 7Aool Wit
Z AZ A ke WA 7919 A8 T HHHS Bkst]

A7 B T 7 BE TS A48

]
)
o
Ooft
on

g

H= ™1
stk
B ATE QU 2YRE FoA Jaw $ES 9 U F
W 9E Y 716 A8l st k. 54 A

S 28 A w
M Y

2.1 —+—IH %A-I A[%-I
oA Jaw FF g AFHAS st dSAIRS et
of 71A1A AEE GRIsIGITE Al AM-E AAlE SCM4200]
o, AlPHL Fig. 13 o] 7|5 ZY2Z AE 10 mm, =9]
15 mm& ¢fojo] AY 7hgate] A&t 4EAE-E 60 ton
s A A 7(UTM)ONA A4S 2 mm/minE 274 48k
60% (9 mm)7HA] ¢5ste] SRSk USAE 23 4SAH
o] Y3 sk5s 7kt 9 mm7HA| 5 & AR EolE 34
St A7 7.4 mmE FAH AT, ol AlE =0]0 6 mmelA] 1.4
s @4o] wAE S ERISI Fig. 2€ SA1E 4
HIE BT, Fig. 32 $FAIF A9 AlHS HAFE. Fig.
4% SCM420 27 ¢ BS54 S8 24 Wis Ax

10 mm

15 mm

Fig. 1 Test specimen size

(a) Before
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Fig. 4 Stress-strain curve of the compression test for SCM420
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—— Clutch Jaw A

Clutch Jaw B

Fig. 5 Conventional product of Clutch Jaw

Table 1 Process sequence of Clutch Jaw die

1 stage Hot forging

Trimming
Cold heading
Cold sizing

2 stage

3 stage

4 stage
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Fig. 6 1st hot forging die design of Clutch Jaw
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(a) 1st hot forging product (b) 3rd cold heading product
Fig. 10 Process product of Clutch Jaw die
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Fig. 11 Effective plastic strain after 1st hot forging according
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Fig. 13 Effective plastic strain after 3rd cold heading according
to friction coefficient

Table 2 Forging simulation conditions

Plastic material SCM420
Initial material size 938 x 68.6 mm
Material temperature of hot forging 1,200°C
Die temperature of hot forging 350°C
Friction coefficient of hot forging 0.3, 0.5, 0.7
Friction coefficient of cold heading 0.05, 0.1, 0.15, 0.2
Hot forging velocity 100 SPM
Cold heading velocity 45 SPM
398 39
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392 /
= W /38'9//
2 388
./
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378
0.05 0.1 0.15 0.2
Friction coefficient
Fig. 14 Maximum load after 3rd cold heading according to

friction coefficient
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Fig. 15 1st hot forging product of Clutch Jaw before cooling

Fig. 16 1st hot forging product of Clutch Jaw after cooling
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Fig. 17 Measurement of 1st hot forging product of Clutch Jaw

Fig. 20 3rd cold heading product of Clutch Jaw

Fig. 19 2nd trimming product of Clutch Jaw
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Fig. 21 Flatness measurement of Clutch Jaw product

AAE 3 AES depiIth 389 W 99 2L 400 ton
ool A2e0] 234 el FRo) BiE 29K Jaw T
FHh Fig 202 W2 A 2PN e B

T o
=

T

A AEFE A
AFS Ho

W7k Eld AdsiA 735401]/\1 3zl nlAAE 2710 Wl Hu)
350] 2718l vk ¥ &4} xjo|7} Al Qo] Wik @y Adlo)
7Fed Ao AHEHIle EL AA 4R APoME FZAE A
ate] 2% Jaw W7k 39 AFo] 7Fssisch

W7k 89 2302 gRE FYX Jaw 34 FES W1 Ale]
d 2RM FF A5 7‘3%‘5—‘2— I3he AEAES 4
400 ton _i‘ﬂ/\"ﬂ < A7
At
o

59

basife) =
= T
3

-

rU
dob 30

o3&
UO T
_Q‘
==

2'1
4a

Z,:
578 A
/AL E8A Jaw HF AFl dld HYPLZ 3349
ARl 19 WS 243§ 2w ol g HY=E =%
At B == AE 5706 gk 447} 0.178 mm=E Xé‘?:lE
1=

i go

T
S AN
.ﬂ

=
o

T

mlm

0{1
2L

i



Journal of the Korean Society of Manufacturing Technology Engineers 24:5 (2015) 489~495

2 AN 2 Jaw $E) WG HY
of 2] BRI} B AFNY, AT AR, AAE 5
e st & aTe A9E ok oet 2t
(1) 2812 Jaw 3-E0] 927191 SCM4200] Th3k 71412 A
2 sk Sletel 9% A9 Bol SH-UPE
A9or, Bz JPANH Aol H§3)e] B 4H% 3
(<3}

o
=

28 9%

/\-] CE

Y “11

:_1'
U

A el A 24 25 1,200°C,
]'7]'74]7‘ 0.3, 0.5, 0.7% aﬁﬂ

75401]*1 O]T—O— npEA S Z71e) whet
W G Zol7k A9 glo] Wzt &Y
Y AFM= FEAE AME
afe] FEA| Jaw
(4) Z2A Jaw
Wk Afol 34 o=
T AU} S8 FF AAES 3
(5) F71AIE 0171 EA] Jaw F5
sl ko 24 AAA SRkt 917} Azko] ks

fok

References

[1] Yoon, J. H., Lee, S. L, Jeon, H. W., Lee, J. H., 2013, Study on the

Lubrication Characteristics at the Elevated Temperature in Hot Forging

495

Test with Extruded AZ80 Mg Alloy, Transactions of Materials
Processing, 22:2 108~113.

[2] Suh, C. H.,Kim, W. S., Sung, J. H., Park, J. K., Kim, Y. S, Kim, Y. S,
2015, Hot Stamping Simulations and Experiments for CTBA Tubular
Beams, Transactions of Materials Processing, 24:1 13-19.

[3] Kwon, Y. N., Kim, S. W., Kim, B. J., Park, E. S., Cha, D. J., 2011,
Development of Flow Forming Process for Hollow Shaped Parts from
Seamless Steel Tube, Transactions of Materials Processing, 20:8
611-618.

[4] Lee, H. S.,2015, A Study on the Optimum Design for Energy Saving of
an Auto Transmission Part, Transactions of Materials Processing, 24:3
181-186.

[5] Kwon, H. H., Moon, K. J., Song, S. E., 2010, Forging Process Analysis
of the Multi-forging Die for the Unified Universal Pipe Joint of the
Intermediate Shaft, Journal of the Korean Society of Machine Tool
Engineers, 19:1 33-41.

[6] Song, S. E., Kwon, H. H., 2012, A study on the Cold Forging
Development of Guide Valve for the Fuel Pressure Regulator, Journal
of the Korean Society of Manufacturing Technology Engineers, 21:2
331-336.

[7] Kang, B. S., Ku, T. W., 2014, Process Modification and Numerical
Simulation for an Outer Race of a CV Joint using Multi-stage Cold
Forging, Transactions of Materials Processing, 23:4 211-220.

[8] Jeon, H. W., Yoon, J. H., Lee, J. H., Kim, B. M., 2014, Plate Forging
Process Design for an Under-drive Brake Piston in Automatic

Transmission, Transactions of Materials Processing, 23:2 88-94.



