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Preform Design of the Bevel Gear for the Warm Forging
using Artificial Neural Network

Dong Hwan Kim', Byung Min Kim"

ABSTRACT

In this paper, the warm forging process sequence has been determined to manufacture the warm forged product
for the precision bevel gear used as the differential gear unit of a commercial automobile. The preform shape of
bevel gear influences the dimensional accuracy and stiffness of final product. So, the design parameters related
preform shape such as aspect ratio and chamfer length having an influence the formability of forged product are
analyzed. Then the optimal conditions of design parameters have been selected by artificial neural network (ANN).
Finally, to verify the optimal preform shape, the experiments of the warm forging of the bevel gear have been
executed. The proposed method can give more systematic and economically feasible means for designing preform

shape in metal forming process.
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Fig. 1 Schematic of differential gear unit for rear axle
driven truck and bus
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Table 1 Stress strain properties of SCM 420H with
respect to the temperature and strain

T 700 C 800 C 90T 1000 C

Strai C m C m C m C m

0.10 123.2810.022|19.41(0.051|15.54|0.080) 11.67 | 0.109

0.30 |30.0410.035|24.90(0.056(19.76|0.077) 14.62 | 0.098
0.50 130.93)0.033{25.73{0.054/20.53(0.075{ 15.53 | 0.096

0.70 129.32(0.036|24.54(0.058|19.76|0.080| 14.98 | 0.102
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Fig. 2 The flow chart of the preform design for warm
forging of bevel gear
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Fig. 4 The warm forged drawing of the bevel gear
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Fig. 5 Process sequence of the bevel gear for warm forging
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Fig. 6 Design variables for preform of bevel gear
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Fig. 7 Unfilled cavity when aspect ratio is 2

Table 2 Analysis conditions for each aspect ratio

1 case | 2 case | 3 case |4 case
Aspect ratio(S) 1.0 1.5 2.0 2.5
Height(h:mm) 48.2 38.7 32.0 27.5
Width(b:mm) 52.0 58.1 63.9 68.8

Table 3 Analysis results for each aspect ratio

1 case | 2 case | 3 case | 4 case
Aspect ratio(S) 1.0 1.5 2.0 2.5
Unfilling cavity | . . o
volume(ni) Filling | Filling | 253.6 | 3468.8
Forming 1, 0540 91 16746.7|14302.0| 13080.6
energy(kJ)
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Fig. 8 Prediction of unfilled cavity volume for aspect
ration using ANN
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Table 4 Analysis conditions for each chamfer

I case | 2 case |3 casel4 case

Chamfer(w:mm)| 0.0 4.0 8.0 12.0
Aspect ratio(S) | 1.58 1.58 1.58 1.58
Height(h:mm) 374 376 381 | 388
Width(b:mm) 59.1 59.4 60.1 | 61.3
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Table 5 Analysis results for each chamfer length

1 case | 2 case | 3 case | 4 case
Chamfer(w:mm)| 0.0 4.0 8.0 12.0
Unfilling cavi
Villing v Filling | Filling | Filling | Filling
volume(mm)
Forming
16192.6|15347.0|15196.4114799.7
energy(kJ)
Deviation strain| 0.619 | 0447 | 0.461 | 0.485
O T1raining point of ANN
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0.284
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Fig. 11 Prediction of deviation strain for chamfer
using ANN
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Fig. 12 Prediction of forming energy for chamber
lengths using ANN
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Table 6 Comparison of analysis with prediction result

Prediction Analysis
Unfilli j
njilling cavity Filling Filling
volume(mm)
Forming energy(kJ) 15317.0 15335.0
Deviation strain 0.223 0.225

Ettective Plastc Strain

Fig. 13 Analysis results for optimal preform shape
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(a) Upper die

(b) Preform shape

Fig. 14 The upper die for warm forged bevel gear
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Fig. 15 The warm forged bevel gear
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