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Evaluation of Thermal Characteristics for Warm Forging Die
due to Lubricants and Surface Treatments
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ABSTRACT

The mechanical and thermal load. and thermal softening which is happened by the high temperature of die, in hot and
warm forging, cause wear, heat checking and plastic deformation, etc. This study is for the effects of solid lubricants and
surface treatments for warm forging die. Because cooling effect and low friction are essential to the long life of dies, optimal
surface treatments and lubricants are very important to hot and warm forging process. The heat that is generated by repeated
‘orging processes, and its transfer are important factors to affect die life. The main factors, which affect die hardness and heat
t-ansfer, are surface treatments and lubricants, which are related to thermal diffusion coefficient and heat transfer coefficient,
cte. For verifying these, experiments are performed for diffusion coefficient and heat transfer coefficient in various conditions
- different initial billet temperatures and different loads. Carbonitriding and ionitriding are used as surface treatments, and oil-
I ase and water-base graphite lubricants are used. The effects of lubricant and surface treatment for warm forging die life are
cxplained by their thermal characteristics.

Key Words : Warm forging (= 3+H2), Carbonitriding (% gt 23}, lonitriding (]2 2 3}), Graphite lubricant (2} 3}o}
E §&4)). Thermal diffusion coefficient (2 244 ), Heat transfer coefficient (Al 2 G A 24| <)
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Fig. 1 Thermal diffusion coefficient

Table 1 Specimens for thermal diffusion coefficient

Surface treatment Material Dimension (mm)
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Thermocouple

Fig. 2 The outline of experiment for heat transfer
coefficient

Table 2 Experimental conditions

Die (cylinder)(mm) AISI H-13 (H: 30, D: 40)

Billet (cylinder)(mm) AIST 1035 (H: 35, D: 35)

Lubricants(graphite) Qil-base, Water-base

Initial die temp.(C) 300

Initial billet temp.(C) 350, 450, 650, 850

No treatment,
Carbonitriding,
Ionitriding

Die surface treatment

Load(kN) 0, 30, 60
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Fig. 3 Heat transfer coefficient, when initial billet
temperature is 850 C
(a) : oil-base graphite, (b) : water-base graphite
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Fig. 4 Heat transfer coefficient, when load is 60(kN)
(a) : no treatment, (b) : carbon nitride
(c) : ion nitride
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Fig. 5 Graphite on surface of specimens, when initial billet
temp. is 450°C
(a) : water-base, (b) : oil-base
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