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Warm Forging

+ Reduction of tool life at warm temperature - tool coating and lubricant

« difficulties to uniform working temperature > need to controlled cooling

warm forging — low flow stress — process reduction |

Low residual stress —
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» controlled cooling process development
to microstructure control

» technologies to enhance the tool life
Fig. 1 Major topics for warm precision forging as well
as benefits and disadvantages of warm forging
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Table 1 Factors to determine the optimum working

temperature
Temperature Effects and necessary
Factor .
dependency conditions
Reduction of working
Reduce the flow stress
Flow Stress pressure, load, energy
; up to the 50% .
; small facilities
Formability
. enhancement be able to deform low
Formability ] . . .
increasing  from | formability materials
500C
Lubricant . . .
- Poor cooling capability | Need to better lubriacant
capability
Heat Crack, thermal
. Poor strength and .
Tool life ] ] stress deformation and
dimensional accuracy
wear of tool
. Surface scale, grain | Better mechanical
Quality of . . .
growth and phase | properties by fine grain
forged part . .
transformation size

Fig. 2 Transfer system for controlled cooling following
forging press
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(a) as-received

(b) as-forged
Fig. 6 Microstructures of warm forged bevel gear

[ Effective strain ] [ Temperature,°C | [ Grain size(pm) ]
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ging 1 1100

[ Hot 3
Forging ]
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min : 919.25 0 min : 451

0 min : 0.21 600

Fig. 7 Grain size of warm forged bevel gear predicted
by FEM Analysis
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Fig. 9 Hot forged part and warm forged part of pulley
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Fig.10 Grain size of pulley predicted by FEM Analysis
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Fig.14 Tool wear of punch for BJ-housing
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