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Damage Analysis of Tool Steels on Piercing of 1.2 GPa-Class High Strength Steel Sheet
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Steel Sheet
1.6 mm in thickness)

Fig. 1

Schimatic view of piercing.
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Fig. 2 Example of measurement of damaged area.
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Fig. 3 Appearances of punch in SKD11, (a) before test, (b
after 100 shots, (c) 300 shots, (d) 500 shots.

Table 1 Materials for die set and scratch test.

0.2% proof stress
Tool steel Use Substr(zﬁengrdness in compression Coating
(MPa)

SKD11 59 2258
QCM"8 62 2373

® ® Punch TIN
QCM "64-HARMOTEX Scratch test 64 2562 (3um)
SKH51 65 —
SPM"R8 66 —
QCM"8 Die 62 2373 —
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Fig. 4 Appearances of punch after 500 shots, (a) SKD11, (b)
QCM®64-H, (c) SKH51, (d)SPM®RS8.
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Substrate hardness (HRC)

Fig. 5 Relation between damaged area and substrate hardness.
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Fig. 6 Cross-sections of edge part of punch after 500 shots.
(a), (b) BSE images. (c), (d) SIM images highlighted
by white frames in (a) and (b). (a), (c) SKD11. (b) (d)
QCM®64-H. These images are observed at 40° tilted in
FE-SEM or FIB.
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Fig. 7 Chipping of TiN at 2.5mm away from edge part of punch
in QCM®64-H.
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Fig. 8 Secondary electron image of side surface of punch in
QCM®64-H.
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Fig. 9 (a) Secondary electron image of transfer particle.
(b) 3D analysis of transfer particle. The transfer particle is

indicated by white circle in Fig. 8.
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Fig. 10 (a) Back scattering image of side surface of punch in
SPM®R8 before sectioning with FIB. (b) Cross-section
along black dashed line in Fig. 10(a). Yellow arrows
indicate TiN which flaked from surface of punch and
included in transfer particle.
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Fig. 12 (a) Counting rate of acoustic emission and frictional force as a function of applied vertical force in SKH51. (b) Secondary
electron image of chipping at rise of AE indicated by black arrow in (a).
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Fig. 13 Critical load defined by AE as a function of critical
composite hardness.
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Fig. 14 Relation between damaged area and critical load
defined by AE.
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