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A Study on Prediction of Die Life of Warm Forging
by Wear(1)
—Construction of Die Wear Model-
Jong-Hun Kang, In-Woo Park, Jin-Soo Jae and Seong-Soo Kang

Abstract

The service life of tools in metal forming process is to a large extent limited by wear, fatigue
fracture and plastic deformation. In warm forging processes wear is the predominant factor for
operating lives of tools. To predict tool life by wear, Archard’s wear model is generally applied.
Usually hardness of die is considered to be a function of temperature in Archard’s wear model.
But hardness of die is a function of not only temperature but also operating time of die. To
consider softening of die by repeated operations, it is necessary to express hardness of dies by a
function of temperatures and operating time. By experiment of reheating of dies, die softening
curves were obtained. Finally modified Archard’s wear model in which hardness of die was
expressed as a function of main tempering curve was proposed.

Key Words : Warm Forging(23t& %), Wear Model(?td =€), Tool Life(2 %4 %), Tempering
Parameter(¥ 3 & s}l gl), Die Thermal Softening(F3 g ¢l 3})
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Table 1 Experimental condition for wear
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Variabl Normal Force 300 (N) ol sl . g
ariables Velocity 50 (mm/sec) o] 71&9 AszA ] Hste WA L}E}‘_‘f}t N
Pin STD61 < ousa gl AW HAA #@F H4L¥9 3
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Structure o
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Table 2 Heat treatment of STD61 steel for wear test
. 1st 2nd White . .
. Quenching . . Post Heat Diffusion Hardness
Pin (1Hr) Tempering Tempering Treat ¢ Layer L (HRC)
reatmen ayer
(C) x1Hr | (C) x1Hr () Y
A 1030C 530 520 Ion Nitriding 0 02 54~
B 1030°C 530 520 Ion Nitriding] 2~4 0.2 54~
. Gas
C 1030°C 530 520 Lo 2~4 0.2 54~
Nitriding
D 1030°C 580 570 Ion Nitriding| 2-~4 0.2 48~50
o Gas
E 1030C 580 570 o 2~4 0.2 48~50
Nitriding
Complex
F 1030C 530 520 2~4 0.2 60~
Treatment
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Table 3 The result of wear test

) Area K
Pin Length(mm) Weight(g) (% 10~2mm? ) By
- - — - — (x107°)
Initial Final Initial Final Initial Final
A 14.30 14.00 4.3707 4.3641 2.0854 28.375 1.37
B 14.28 14.1 4.3763 4.3726 2.9634 1.5525 0.74
C 14.29 14.2 4.3636 4.3618 2.5062 7.626 0.27
D 14.26 14.15 4.3530 4.3501 3.9951 9.66 0.62
E 14.28 14.20 4.3646 4.3632 2.9634 6.879 0.27
F 14.29 14.20 4.409 4.4104 2.5052 7.2475 0.86

Table 4 Result of hardness softening of die steel after reheating time

Hardness (HRC)
Heat Treatment 20hr 40hr 60hr
600°C [625C 1650°C 600°C [|625°C 1650°C |600C 1625°C 6507T
1030°C X 60min .
39 35 26.5 31 26.5 26 26 25.5 23
580, 570C (Q&T)
Q&T, 15hr Nitriding 44 377 26.5 37 30 33 33 31.5 25
Q&T, 30hr Nitriding 53 50 337 445 34 375 375 36.3 29
Q&T, 45hr Nitriding 54 525 395 50.5 35 45 45 40 33
Q&T, 60hr Nitriding 56 53 425 55 33 47 47 435 34
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