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Development of precise clutch gear for automobile transmission by
compound forging process

Kwang-O Lee’, Jung-Min Kim" , Jin-Soo Je* and Sung-Soo Kang***

ABSTRACT

A manufacturing process for a clutch gear which demands high strength and wear resistance, was developed

by means of computer simulation. A preform was made by hot forging process and subsequent cold sizing

process is applied to complete precise tooth part. Processes to obtain high dimensional accuracy and superior

mechanical properties are analyzed and optimal heat treatment cycle to improve cold forgeability is introduced.

Prototype was produced and the dimensional accuracy of the prototype was inspected to verify proposed process.
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Table 1 Chemical composition of SCM420
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Fig. 1 Final product(Clutch gear)
Table 2 Specification of gear
Items Value
Module(m) 1.5
Pressure angle(oy) 30°
Number of tooth 66
Standard Pitch circle Diameter(mm) 99(mm)
Over Ball Diameter(mm) 106.1429
Material SCM420
Table 3 Conditions of FEA
Items Value
Stroke(mm) 9.385
Friction coefficient(Shear) 0.07
Number of elements 40,000
Temperature(R/T):Isothermal 20T
Stress-Strain relationship o= 1275

C Si Mn P S Cr Mo
0.18 ~{0.15 ~[{0.60 ~| 0.03 | 0.03 [0.90 ~[0.15 ~
0.23 | 0.35 | 0.85 |below |below 1.2 0.3
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Fig. 2(b) Forward Extrusion process
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Table 4 Comparison of FE simulation results for two

processes

Items Forward Ext. | Upsetting
Forming Load 603ton 735ton
Effective strain near the
back tapered tooth(max) 155 248
Damage value near the
back tapered tooth(max) 0.271 0313

l Upper space die

l Lower space die

Biltet |

Fig. 3(a) Initial setup for simulation of upsetting

process

| Effective strain [

Fig. 3(b) Effective strain of final stage of upsetting

process
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Fig. 3(c) Damage of final stage of upsetting process

I Lower space die I

Fig. 4(a) Initial setup for simulation of forward
extrusion process

Effective strain

Fig. 4(b) Effective strain of final stage of forward
extrusion process
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Fig. 4(c) Damage of final stage of forward extrusion
process

Load(tons)

6 9
Time(sec)

Fig. 5 Comparison of forming load of upsetting and
extrusion process
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Fig. 6(a) Candidate of normallizing heat treatment
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Fig. 6(b) Candidate of normallizing heat treatment
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Fig. 7(b) Candidate of spheroidizing heat treatment
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Fig. 7(c) Candidate of spheroidizing heat treatment
cycle(Il)

32 MEd got

QoM e wzgEte]y Ao Fdstd A e
2 2839 F 67FA €48 LA(Table 2 3}
Rod, ztzre] dAE Wae] H8d AFAIEH
(ASTM E8M)9] A EE &3 FE5ZF=S A
H(Elongation rate)s FASHTH 7+ Ao oA
Aol FRFEYS), SHAFAE=UTS) B S
(Elongation)%}*‘?‘ Table 59} Fig. 8] WEhAI o,
ARZHE & 4 A% case D case BY F 7

A
e §E5AR we ANEGS Yehin

=%



olFe - BAN - ANSF - AT

@R T A A3 AE

JoE A ¢ F Ao

Table 5 Several candidates for heat treatment

Spheroidizing
I case D

1 case ®

m case (3

I case &

1|

m

Normallizing Symbol

case @
case @

Table 6 Mechanical properties of all cases

YS UTS Elongation

(MPa) | (MPa) (%)
case O 709 821 40.7
case @ 656 750 423
case @ 583 702 40
case @ 669 585 45.9
case © 610 720 44.8
case ® 577 697 37.8

g

2

Nominal Stress(MPa)
TR

i & eased case 3
) b Rtie ]

200 * - caseS
N o caseb

T T T T T

.0 0.1 0.2 0.3 04 0.5
Nominal Strain

o:: )

Fig. 8 Flow stress of all cases
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Fig. 9 Microstructure with each heat treatment
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Fig. 10 Prototypes by proposed processes

190



olFe - AR - WS . AAAF - FALETHIA A23d A B
4.2 MEE ZHAl 5. @B
ARE FeA 7o) ARE ASAVES 2
A7) flate], Zlele A, AE Zte, PP Baltbz BHlo] o8 A EA ERdAvAL Z
2 e o] H(Back taper)ZtEES HASI T Fig. g x7]019 el A3 ATE B3 gy &
el AAE ARFE 9 AAFEAEE dehl gze 9 ¢ A
Rew, Table 60 ZAAMEAE Vet S84
71919 F oA dHoly Zx, A7, o7 9 1 28 7o dRFHeR JAY T} A%
W 25 HAPAS EATE Adg da 9l & AL A, 7t Pl i 349 &
& g & gl staisiy AA4E udEFee dugE
FTAE A93 7 AU
® . 2) ¥tgE &Y A¥AS FI7] A =
a2kt FAHEAY Ale]EE& Atk
Aok zh7he) AbolZef dis) AalE R wiAz
- A E4g zAFoEM HHe DA Ale]Z
| 2 92 5 At
: G) At HzFER dxel FAel wet 2o
710l AlAES At on, Aze A aE
& HAAEAS BE 148 HEANL AeS F
& g sl
gkl
Fig. 11 Inspection items and Symbols
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