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Analysis and experimental verification of gear billet precision forging process
based on Deform-3D
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Abstract ; For the problems of poor quality and low precision of gear billet casting production and low material utilization rate and low effi-
ciency of machining production, the forging process was proposed to replace them. Then, two forging processes for gear billet were de-
signed, namely open die forging and closed die forging, and they were simulated by rigid plastic finite element method, respectively. The
results show that for open die forging, when the height-to-diameter ratio of billet is between 0. 23 and 0. 53, a complete and defect-free gear
billet can be obtained, and when the height-to-diameter ratio is 0.53, the forming force is smaller. For closed die forging, when the height-to-
diameter ratio of the billet is between 0. 17 and 0.49, a complete and defect-free gear billet can be obtained, and when the height-to-diameter ra-
tio is 0.49, the forming force is smaller. By comparison, the open die forging has lower forming force and longer life of forging die, while the
closed die forging has higher material utilization rate, lower risk of cracking for forgings, and better quality of forgings. Finally, the good-quality
gear billet forgings are obtained by process experiments, which verifies the accuracy of the simulation results.
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Fig. 1 Drawings of gear billet forgings
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Fig. 2 Two kinds of die forging processes

(a) Open die forging  (b) Closed die forging
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Fig. 3 Stress-strain curves under different temperatures
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Table 1 Critical damage values under different temperatures

MRE/C 650 750 850 950 1050 1150 1200

Ciim 1.771  1.672 1.653 1.718 1.845 1.966 2.004
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Table 2 Simulation results of gear billet forming in open die

forging with different ratios of height to diameter
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Fig. 6 Forming effect of gear billet under different ratios of height to diameter ( Open die forging)
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Table 3 Simulation results of gear billet forming in closed die

forging with different ratios of height to diameter
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Fig. 8 Forming effect of gear billet under different
ratios of height to diameter (Closed die forging)
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Fig. 9 Temperature distributions of gear billet under two schemes

(a) Open die forging

2.6 SREBEST

K10 PR s 5 T R R SRR e oA B,
AR B Y e RAR D (B 1. 018, 37 T e Ay iy
Ui, FRWALE IO 1AL R Sh L R, 45145 7
FERER PR RSB 14 B A A 405 1 20 A 5 0 s R
WAL, BRI AL AL T ] — A28, HBME
B, AN 0.689, AR FH P B8, i fe e i

(b) Closed die forging

BUERERMBS BAK, B AL, O H A A
BOIGRORE i, HREGIIEA R S i S, Sk
TR B R B AR, Rk R R
PERCTAOL A 0 (L 2o s PR (EL T, RS MBR
HRALE PR BB , AR R IR TR AR
Wik, ik 10 hpA G TR, IR
SEHE, DI, WIRHDT ST AW R R



512 4]

Mrfft11% . ST Deform-3D B 5 HAE R T 2540471550 30 IE 23

wlifE
0.689

0.551
0.413
0.276

0.138

0.000

0.000 Min
0.689 Max

B 10 PR r 2 AR O {E S A

(a) MR

(b) FFaHitk

Fig. 10 Damage value distributions of gear billet under two schemes

(a) Closed die forging
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