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Die Life Estimation of Hot Forging for Surface Treatment and Lubricants

Hyun Chul Lee’, Byung Min Kim*, Kwang Ho Kim"

ABSTRACT

This study explains the effects of lubricant and surface treatment on hot forging die life. The mechanical and thermal
load, and thermal softening which is happened by the high temperature of die, in hot and warm forging, cause die wear,
beat checking and plastic deformation, etc. This study is for the effects of solid lubricants and surface treatment
condition for hot forging die. Because cooling effect and low friction are essential to the long life of dies, optimal
surface treatment and lubricant are very important to improve die life for hot forging process. The main factors, which
affect die hardness and heat transfer, are surface treatments and lubricants, which are related to thermal diffusion
coefficient and heat transfer coefficient, etc. For verifying these effects, experiments are performed for hot ring
compression test and heat transfer coefficient in various conditions as like different initial billet temperatures and
different-loads. The effects of lubricant and surface treatment for hot forging die life are explained by their thermal
charactetistics. The new developed technique in this study for predicting tool life can give more feasible means to
improve the tool life in hot forging process.
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Fig. 1 Theoretical calibration curves and experimental
results for hot ring compression
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Fig. 9 Effective stress and wear depth for different lubricants

Table 3 Evaluation of die life for different lubricants: Plastic deformation

Lubricant " Soy Bean OiltGraphite Deltaforge #13 1+Graphite
Measurement Point Point 1 Point 2 Point 1 Point 2
Equivalent Temperature (') ~ 570 530 565 530
Effective stress (kg/mm”) 132.2 141.1 128.2 137.1
Tempering parameter (M) 18.4 18.1 18.4 18.1
Life time (hr) 47.28 121.15 64.05 157.99
Product quantity (ea) 18915 48462 25620 63196

Table 4 Evaluation of die life for different lubricants: Abrasive wear

Lubricant T Soy Bean Oil+Graphite Deltaforge #131+Graphite
Measurement Point Point 1 Point 2 Point 1 Point 2
Wear depth (mm) 0.1100 0.4688 0.1060 0.3586

Product quantity (ea) 20359 6184 27353 8085
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Table 5 Evaluation of die life for different surface treatments: Plastic deformation

Surface {reatment T No trcatment Ton-nitride Carbon-nitride
Measurement Point Point] | Point2 | Pomtl | Point2 | Pointl | Point2
Equivalent Temperature (C) 575 551 570 540 565 535
Effective stress (kgg/mm?) 136.0 1453 1324 142.1 130.1 140
Tempering parameter (M) 18.2 18.1 184 18.1 18.5 18.2
Life time (hr) 14.12 31.33 47.28 63.08 92.69 159.52
Product quantity (ea) 5650 9931 18915 25235 37077 63810
Table 6 Evaluation of die life for different surface treatments: Abrasive wear
Surface treatment N:o treatment | _lon-nitride Carbon-nitride
Measurement Point Point 1 Point 2 Point 1 Point 2 Point 1 Point 2
Wear depth (mm) 0.1245 0.5965 071 100 .0.4688 0.0808 0.3225
Product quantity (ea) 23289 4861 20359 6184 35884 8990
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