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Life Evaluation of Surface Treatments of Mold in Cold Working of

High Strength Steel

Shigeki Higuchi, Tetsuya Masuda, Takayuki Shimizu,
Takashi Matsuno, and Koichi Sato

Synopsis
Recently, due to the increased amount used of high strength steel sheets, interest in the die life of cold press working is
increasing. The cold working of the high strength steel sheet is often carried out with a coated die in order to prevent adhesive
wear. At present, various coatings have been developed to extend the die life. So, we developed “HT-CERAC” that has higher
performance than conventional PVD(Physical Vapor Deposition) process coatings.
This time, by the establishment of a piercing test using an actual machine, we evaluated the life of various coatings that are
used for the cold working of high strength steel sheets. The result obtained by the piercing test is shown below.
1. The adhesive wear resistance of HI-CERAC coating is the same as the CVD(Chemical Vapor Deposition) process coating, and
it is much better than the TRD(Thermal Reactive Deposition) process coating.
2. The life of HT-CERAC coated punch greatly extends by base nitriding.
3. The life of coated punches extends 6-10 times by the expansion of clearance from 3 % to 6 % of sheet thickness in the piercing.
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Fig. 1. Schematic diagram of pierce processing test.
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Table 1. Test coating.

No. Surface treatment
1 |VC (TRD process):Company A

2 |TiC (CVD process):Company B

3 [TiN (PVD process):HT-CERAC by DDMS

4 |Nitriding+HT-CERAC

* DDMS:Daido Die & Mold Steel Solution, Co., Ltd.
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Fig. 2. Nitriding quality of nitriding+HT-CERAC.
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Fig. 3. Difference in damage morphology with shape of

punch tip.
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Fig. 5. Evaluation of punch life.
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Fig. 4. Position of punches.

Table 2. Test conditions.

Steel sheet Clearance Max test Samoling of test Photographs
type shots piing of appearance
A 590 MPa 3%t | 20000 1, 10, 200~2000
(t=1.6 mm) shots: ever
every 200 shots, 2000yshots
B 980 MPa 3%t | 10000 2000 shots ~:
(t=1.6 mm) ° every 2000 shots
1, 10, 100~1000
1180 MPa o shots: every
C (t=1.6 mm) 3%t | 2000 every 100, 1500, |500 shots
2000 shots
10 shots, 1000~
D (11?%“:1::") 6%t | 7000 [7000shots: oY
o every 1000 shots
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VC (TRD process) 5 mm

1000 shots 2000 shots 4000 shots 6000 shots

TiC (CVD process) 5 mm
1000 shots 2000 shots 4000 shots 6000 shots

TI

Fig. 6. Punch appearance of VC and TiC in 590 MPa high strength steel.

Surface treatment
VC TiC
(TRD process) (CVD process)
1000 shots

A 590 MPa

CL=3 %t
B 980 MPa

CL=3 %t
C 1180 MPa

CL=3 %t

5 mm

Fig. 7. Influence of steel strength on adhesive wear.
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Fig. 8. Burr height of each shot in 590 MPa and 980 MPa.
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X Life of punch is between 10 shots to 1000 shots.
This time, life of punch is 100 shots from damage condition of punch.

Fig. 9. Punch life comparison of HT-CERAC.
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Surface treatment
VC TiC HT-CERAC
(TD process) (CVD process) (PVD process)
6000 shots 6000 shots 6000 shots
A 590 MPa . 'iﬂ . l '
CL=3 %t i \ .
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B 980 MPa
CL=3 %t
fmu_ 500 shots
L]
C| 1180 MPa : r'
CL=3 %t e
2000 shots 2000 shots|
D| 1180 MPa '
CL=6 %t

5 mm

Fig. 10. Punch appearance comparison of HT-CERAC.

Magnification of cost—effectiveness
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Fig. 11. Cost-effectiveness comparison of HT-CERAC coated punch.

(Cost-effectiveness of VC coated punch = 1)
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Life number of shots
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Fig. 12. Punch life comparison of nitriding+HT-CERAC.
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Fig. 13. Punch appearance comparison of nitriding+HT-

CERAC.
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Magnification of cost—effectiveness
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Fig. 14. Cost-effectiveness comparison of nitriding+HT-CERAC coated punch.
(Cost-effectiveness of VC coated punch = 1)
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=> Better than result of VC (TD) at 590 MPa

Fig. 15. Cost-effectiveness comparison of HT-CERAC coated punch.
(Cost-effectiveness of VC coated punch in 590 MPa high strength steel = 1)
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