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A Comparative Analysis and Process Design among the Gear
Blank Forging Processes

Ho-Joon Choi, Sung-Chang Hur, Dong-Hwan Chang and Beong-Bok Hwang

Abstract

Cold forging is a special type of forging process in which metal is forced to flow plastically under com-
pressive force into a variety of shapes in room temperature. Gear blank, which is produced by cold forg-
ing, is concerned with the production method of transmission gear. Based on the results of simulation of

the current four-stage process, the gear blank forging process for improving the conventional process
sequence is designed. The rigid plastic finite element analysis was applied to new gear blank forging
processes. The new process consists of three stage operations with one annealing treatment after first
operation. Based on the results of simulation of the proposed process, a required equipment could be
selected. The new designed process appears to be more economical in producing the gear blank.
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billet, forward and backward extrusion, annealing, forward extrusion, forward extrusion and upsettiong from left to right
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Fig. 2 Initial billets and process sequences for conventional process 1(above) and the process 2(below)
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Table1l Forming conditions for each step in convention-

al processes

Method 1
Operation Forming Conditions
st step Backward Extrusion R = 21.15% (r=1.27)
Forward Extrusion R = 39.34%
2nd step Forward Extrusion R =45.6%
3rd step Forward R = 59.4% (r=2.46)
4th step Upsetting s =451%
Method 2
Operation Forming conditions
1st step Forward Extrusion R = 20.5% (r=1.59)
2nd step Upsetting s = 59.25%
3rd step Cup Extrusion R = 58.93% (r=1.70)
4th step Upsetting s = 47.92%

r=extrusion ration(R=Reduction in Area(%) s=UpsetRation(%)
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Fig. 3 Deformation patterns, effective strain and die pres-
sure distributions for step 1 (method 1)
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Fig. 4 Load-stroke relationship for step 1 (method 1)
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Fig. 5 Deformation patterns, effective strain and die pres-
sure distributions for step 2 (method 1)
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Fig. 6 Load-stroke relationship for step 2 (method 1)
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Fig. 7 Deformation patterns, effective strain and die pres-
sure distributions for step 3 (method 1)
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Fig. 9 Deformation patterns, effective strain and die pres-
sure distributions for step 4 (method 1)
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Fig. 11 Deformation patterns, effective strain and die
pressure distributions for step 1 (method 2)
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pressure distributions for step 2 (method 2)
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Fig. 15 Deformation patterns, effective strain and die
pressure distributions for step 3 (method 2)
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Fig. 16 Load-stroke relationships for step 3 (method 2)
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Fig. 17 Deformation patterns, effective strain and die
pressure distributions for step 4 (method 2)
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Table2 Forming conditions for each step in proposed
processes

Proposed process

Operation Forming conditions
Forward & backward R = 65.00%
1st step
Extrusion R = 23.16%
2nd step Forward extrusion R = 57.23%
3rd step Upsetting = 31.15%

r=extrusion ratio(R = Reduction in Area(%)) s = Upset Ratio(%)
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Fig. 19 Initial billets and process sequence for the proposed process with annealing after first operation (billet, forward &
backward extrusion, forward extrusion and upsetting from left to right)
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pressure distributions step 1 in the proposed
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Fig. 23 Deformation patterns, effective strain and die pres-
sure distributions for step 2 in the proposed process
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Fig. 25 Deformation patterns, effective strain and die pres-
sure distributions for step 3 in the proposed process

0 2 4 [ 8 10 12 14 16 18 20 22
STROKE{mm)

Fig. 26 Load-stroke relationships for step 3 in the pro-
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Table3 The comparison data among proposed process
and conventional ones

) s Method 1 Method 2 | Proposed process

Comparison
te machiny
Machine Separale mactine fully automatic | separate machine
equipment
Operation 4 4 3
Max. load(kN) 6335.94 7964.19 6691.77
Press capacity(ton) - 1400 -
Effective strain
e similar

distribution
Process time long short medium
Billet sawing cost high low medium
Annealing after second operation no after first operation
Machine cost medium high low
Maintenace medium high low
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