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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. The aspect ratio and chamfer length are
considered as design parameters to achieve adequate metal distribution in the finish forging operation. 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 the 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 steain properties of SCM 420H with respect to
the temperature and strain

T 700°C 800°C 906°C 1000°C
Sraiin} C | wm | Clm | Clm | Cim

0.10 [23.2810.022119.41(0.051115.54{0.080|11.67|0.109

030 13004 |0.035124.90{0.056/19.76 | 0.077 | 14.62{0.098

0.50 13093 0.033125.7310.054{20.5310.075|15.5310.096

0.70 12932 10.036124.54/0.05819.76 0.08014.980.102
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Fig. 2 Schematic of automobile differential gear unit for rear
axle driven truck and bus machined (left) and forged
(right) drawing for the warm forged bevel gear
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Initial Billet Ist Preform
Fig. 3 Process sequence for bevel gear in warm forging
process
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Fig. 4 Design parameters for 2nd preform shape of bevel gear
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Table 2 Analysis conditions and results for each aspect ratio
in 2™ process

1 case 2 case 3 case 4 case

Table 3 Analysis conditions and results for each chamfer
length in 2™ process

1 case 2 case 3 case 4 case

Forming energy(kJ) | 18730.9 | 16746.7 | 14302.0 | 13080.6

Fig. 5 Unfilled cavity when aspect ratio is 2
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Aspect ratio(8) 1.0 1.5 2.0 25 Chamfer(w:mm) 0.0 4.0 8.0 12.0

Height(h:mm) 482 38.7 32.0 27.5 Aspect ratio(S) 1.58 1.58 1.58 1.58
Width(b:mm) 52.0 58.1 63.9 68.8 Height(h:mm) 374 37.6 38.1 38.8

Unfiling cavity | e e T asse | adess Widthomm) | 590 | 594 | 601 | 613
volume(mr) Unfilling cavity

volume(ur) Filling | Filling | Filling | Filling

Forming energy(kJ) | 16192.6 | 15347.0 | 15196.4 | 14799.7
Deviation strain 0.619 0.447 0.461 0.485
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Fig. 6 Prediction of unfilled cavity volume for aspect ratio
using ANN
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Fig. 7 Prediction of deviation strain for chamfer length using

ANN (5=1.58)
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Fig. 9 Effective strain distribution for 1% process

Table 4 Analysis conditions and results for aspect ratio in 1%

process
1 case 2 case 3 case
Aspect ratio(S) 0.46 0.65 0.71
Height(h:mm) 40.0 45 46.5
Width(b:mm}) 87.6 69.2 65.1
Forming energy(kJ) | 18597.7 13747.6 11300.3
Deviation strain 0.251 0.203 0.171
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design of bevel gear
42 ZX oju|dE€A HE X HS
A Wl s et wE AYS A8 B3
A AT BE e AR A9 51 T 2 TA
o] glow, wurlole] YR Yo BaF 7
el A BHE YR FS 915t 3D R
Hlolel g Bgate] WA Eg A AL
R 21E-E AT B4 EE, A4 1E 2 A
% 7488 A5 3/ME E(copper) BANE AHE-3F
o] AstaAth WA Ee AA B4 AT E A
2 ol gstel W T, PAt L A WA FEE
AN AT WA FHEo] dBE F AN HA
sgom, 9N F 55 GB71F o) g5l o)
S A sHET



ASAE A vlwr]ole] == ofd| =] M|

A W7o A ES

Z Fig. 11(a)°] VeI TE AA1E war)o] 27t
@z du g A o i A RE HF3) AA A
HAE-& T3tk A FA = 1200 ton 4=
aﬂé%— }%ﬁ}%otﬂ HZE FHNA 3Ty 54
% AbEEtA T T3 YL 4y
T ==} TUsHA &
2T Y A gelA SEA
78] % A €1 Deltaforge #31-& S ol A3}
al

CEERER R

13, Agel YL Astel Adzdn £UY
70 53] vhE Saatqlel” HE 27 v w
1 7]o] A F-& Fig. 11(b)ol] Vet

(b) The warm forged bevel gear
Fig. 11 The experimental results using a select condition for
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