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Synopsis

More than 70 % of die failure in warm forging is reported to be adhesive wear caused by pressure and sliding between a work
and a die. Provided die wear could be precisely predicted, an adequate shape and cooling control of the die to suppress wear is
easily designed. In this study, the warm backward extrusion test using taper punch in average forging speed 85 spm was carried out
to measure wear depth. For the test, medium-carbon steel specimens were shot at temperature range of 650-820 C with punchs
made of matrix high speed steel DRM1, hot die steel JIS-SKD61 and JIS-SKD7. After 5000 shots, the wear depth was measured
from top to end of taper of the punch. The general conventional die wear, basic Archard’s model, in which accumulated frictional
work and dies material hardness are considered, is widely used to predict die wear. The predicted wear depth profile by the
conventional model was not agreeing with measured results. After the analysis using DEFORM, it’s shown that the temperature of
punch corner part is much higher than that of the taper part. It’s assumed that there was not only adhesive wear but also diffusion
wear in punch corner area. And the predicted wear profile by a new modified model was agreeing well with measured result.
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Fig.1. Punch shape of punch damage test.
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Fig.2. Forging process of punch damage test.

Table 1. Punch damage test condition.

Punch (test piece) JIS-SKD61
JIS-SKD7

DRM1

Forging temperature 650, 720, 820 °C (only DRM1)

820 “C(all materials)

Forging speed 85 shot/minute

Forging shots 5000 shots

Lubricant flow rate 3.0 litter/minute
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Fig.3. Measuring points of punch wear depth.
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Fig.4. Appearance of punch surface after test.
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Fig.6. Compressive yield stress of punch materials
between room temperature and 800 °C at strain rate 0.5/
sec and 6.7/sec.
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Fig.7 Relationship between holding time and softening
rate in (a) SKD61, (b) SKD7 and (c) DRM1.
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Fig.8. 2D axisymmetric geometries of punch
and work piece for FEM analysis.

Table 2. Input data of finite element analysis.

Initial punch temperature 300 C

Initial work piece temperature 650, 720, 820 °C

Die temperature 250 °C

Shear friction coefficient 0.4

Heat transfer coefficient
Punch - Work piece 90 kW/m’K
Punch — Lubricant 2.1 kW/m’K
Punch — Air 0.2 kW/m’K
Work piece —Air 0.2 kW/m’K
Work piece - Die 25 kWm’K
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Table 3. Values of constant k in equation (2).
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Fig.11. Comparison between measured data and calculation in
conventional wear prediction model in dependency of forging
temperature as punch material DRM1 in (a), in dependency of
die materials at forging temperature 820 °C in (b).

Material JIS-SKD61 | JIS-SKD7 DRM1

Constant & 0.0909 0.0714 0.0769
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Table 4. Each value of constants in equation (8).

Material Ci C Cs
JIS-SKD61 9.0x10°2
JIS-SKD7 | 6.6x101! 1.3x108 4.0x102

DRM1 0

(X #h

D AFTEA—, #8KRFEZ W EINT, 45 (2004),
310.

2) NEAFE, FBRINE—HL, ARE Bk, 43
(2002), 331.

3) WA, HFLEk—, REEGE [ BULEE, 45 (2005),
295.

4) HiERE, FIEZ,
9 (2002), 27.

5) WS, s —, HFHEILE, fHEEE, Al
Zw] MY E N, 50 (2009), 1034

6) Archard, J. F. . Appl. Phys., 24 (1953), 981.

7) B. Painter, R. Shivpuri, T. Altan . J. Mater. Process.
Tech., 59 (1996), 132.

8) MMt —, FHHIAW, HNI=%, HHEA, HEH
FEHY - B &N, 48 (2007), 303.

9) BB, SAKZ, HHEIAT, HPFIEK, S B,
HiEgedr bI ¥ T AL Ea—, 54 (2005),
136.

10) Osakada, K., et al. . Annals of the CIRP, 30-1
135.

1) REHERE . HFI R 94 RaY—, 3 (2010), 27.

12) dL)IkEs, ARG, FIHIE SR, 48 (1976),
1178.

BB © LU ik S R,

(1981),





