FZAHAYTEHR] A 233 A 65 (20063 6Y)
Journal of the Korean Society of Precision Engineering, Vol. 23, No. 6, June 2006

Cich olA| X8 | 27]01e] Zaa H8I|slY
ASeH, Toiy’, olaks™, Waly, Agal

Development of Press Forming Technology for the Multistage Fine Tooth
Hub Gear

Dong Hwan Kim*, Dae Cheol Ko®, Sang Ho Lee"", Hyun Sang Byun'" and Byung Min Kim""

ABSTRACT

This paper deals with the aspects of die design for the multistage fine tooth hub gear in the cold forging process. In
order to manufacture the cold forged product for the precision hub gear used as the ARD 370 system of bicycle, it
examines the influences of different designs on the metal flow through experiments and FE-simulation. To find the
combination of design parameters which minimize the damage value, the low gear length, upper gear length and inner
diameter as design parameters are considered. An orthogonal fraction factorial experiment is employed to study the
influence of each parameter on the objective function or characteristics. The optimal punch shape of fine tooth hub gear
is designed using the results of FE-simulation and the artificial neural network. To verify the optimal punch shape, the
experiments of the cold forging of the hub gear are executed.
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Fig. 1 ARD 370 and the assembly of hub gear
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Fig. 2 The drawing of ARD 370 hub punch in cold
forging process
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(2)Punch (b)Mesh shape (c)Forging condition
Fig. 3 Punch and workpiece shape for FE-simulation

Fig. 4 The sequence of gear forging with sizing process
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(b
Fig. 5 (a) The results of FE-simulation and (b) defects in
cold forging process
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Table 1 Orthogonal array and results of FE-simulations

(Oe03]4]
Design variables Volume
No. D g o) 3 Error (x10° ) Damage
| | @t iopec.btdmm 1 | 6 | 20 [534] 1 2.6259 0.93
3| @ oL : spec 21.12mm 2 6 | 23 |[536] 2 2.5716 0.77
1D : spec. 52~ 57.78mm 3 6 26 53.8 3 2.5173 1.13
4 9 20 53.6 3 2.5985 0.61
Lovts @ ® 5 9 | 23 | 538 1 2.5430 0.59
Low level(!) 6mm 20mm 53.4mm 6 9 26 53 4 2 25075 096
Middle level(2) mm 23mm 53.6mm 7 12 20 53.8 2 2.5685 1.54
High level(3) 12mm 26mm 53.4mm 8 12 23 534 3 2.5356 0.81
Fig. 6 Design variable for hub gear forging process 9 12 | 26 | 536 1 24789 0.69
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Fig. 7 Position of punch depending on design parameters
(matching the No. in Table 1)
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8 Predicted damage value using ANN for
combination of design parameters
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Table 2 Ranking for damage value according to
combination of design parameters

LGL | UGL ID

Rank (mm) | (mm) (mm) Damage Defect

1 12 24 53.7 0.537 Folding

2 11 23 53.7 0.545 Folding

3 12 25 53.8 0.546 Folding

4 11 24 Folding
IR TR R 1 No
A i e . Folding

6 12 25 Folding

7 10 }-22 Folding

(c) 12mm

(a) 6mm (b) 9mm

Fig. 9 Characteristics of metal flow according to LGL
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Table 3 Ranking for damage value according to
combination of design parameter

Test Dimension(mm) EA
@
No.1 6 235 53 50
No.2 7 23.5 53.2 50
No.3 8 23.5 53.4 50
No.4 9 23.5 53.4 50
No.5 10 25 53.8 50
No.6 10 24 53.6 100
No.7(Opt.) 10 23 53.7 100

Fig. 12(a) metal flow according to LGL
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Fig. 12(b) metal flow according to LGL
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