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Improvements in Adhesion of DLC Thin Film on the Tool for Dry Deep-Drawing Process

Seiji KATAOKA™

Huge amount of wasted lubricants have become a great nuisance of environmental issues. Dry deep-drawing process
is attractive toward zero emission of lubricants but it has a great difficulty in application to metal sheet forming in gen-
eral. As one of the most promising methods, use of the die coated diamond-like carbon thin film (DLC) is high-lighted be-
cause of their excellent tribological properties. However, there is a fatal problem of exfoliating from the tool surface in
DLC under the high-pressure conditions. Influence of materials, surface asperity of substrates and interface layers on im-
provements in adhesion were studied with use of a ball-on-disk type tribometer. The results show that the surface rough-
ness of substrate becomes larger, the adhesion of DLC becomes stronger. From the results of the field test, the use of a die
coating DLC has been found to eliminate the need for any lubricant to prevent adhesion of aluminum to the die material.
In addition, the rougher surface die, 2.98 umRz, prolong the die life up to 10,000 deep drawing operations.
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Table 1. Coating condition of Ar ion bombard and

DLC.
Ton bombard DLC
Reaction gas Ar CeHs
Gas pressure 35x107'Pa 45%107%Pa
Plate volt —=500V —2000V
Processing time 40 min. 220 min.
Plate temperature 160°C
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L: Lapping, G : Grinding, B : Shot blasting

Fig. 1. Change of friction coefficient concerning with
time and normal load
Disk material : cemented carbide
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(a) Lapping surface, 0.04 1 mRz

(b) Shot blasting surface, 2.3 » mRz

Fig. 2. Micrographs of frictional surface
Disk material : cemented carbide
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Table 2. Result of exfoliation-proof property examination for various surface asperity disk.
Disk material : cemented carbide.
L O Lapping G O Grinding[] B 0 Shot blasting

Surface Normal load/N
Method roughness
/umRz 100 200 400 600 800 1000
L 0.04 OX X X
0.5 ole} ole} Ox XX
¢ 3.0 0O 0O 0O 0O ole} ole}
1.0 OO o[} o[} OO (0)0) (0)0)
B 23 ole} ole} ole} ole} ole} ole}
44 ole} ole} ole} ole} ole} ole}

X: Exfoliation O: No exfoliation

Table 3. Result of exfoliation-proof property exami-
nation for no exfoliation disk. at 1,000 N
Disk material : cemented carbide

Surface Time/min
Method | roughness
/umRz 30 60 90 120
G 3.0 X X
1.0 XX
B 2.3 Ox Ox XX
44 OO OO o0 o0
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Table 4. Result of exfoliation-proof property examination for various surface asperity disk.
Disk material : tool steel alloy and powder metal highspeed steel

Surface Normal load/N
Material Method roughness
/umRz 100 200 400 600 800 1000
L 0.05 XX XX
G 25 o0 OO Ox X X
SKD11a 1.0 o0 o0 o0 o0 o0 o0
B 3.0 OO OO OO OO OO o0
5.0 OO OO OO OO OO OO
L 0.05 OO 0O Ox XX
G 15 OO OO Ox Ox XX
SKD11b 1.0 OO OO OO OO OO OO
B 3.0 o0 o0 o0 o0 o0 o0
5.0 OO o0 OO OO OO OO
L 0.05 OO OO Ox Ox Ox Ox
G 1.2 o0 o0 o0 o0 Ox XX
SKHa 1.0 OO OO OO OO OO OO
B 3.0 OO OO OO OO OO OO
5.0 o0 o0 o0 o0 o0 o0
L 0.05 OO Ox Ox XX
G 1.7 XX
SKHb 1.0 o0 o0 o0 o0 o0 o0
B 3.0 OO o0 o0 o0 o0 o0
5.0 OO OO OO OO OO OO
goo0oo0ooooooo 00000o00o00SEN,000000ALO,Zr0,000
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Table 5. Result of exfoliation-proof property examination for various surface asperity disk.

Disk material : ceramics

Surface Normal load/N
Material Method roughness
/umRz 100 200 400 600 800 1000
L 2.5 X X
ALO,
G 149 X X
L 14 XX
ZrO,
G 7.0 X X
L 0.8 OO 00O 0O 0O 0O 0O
SiC
G 8.6 0O 0O 0O 0O 0O 0O
L 0.5 X X
Si;N,
G 6.9 OO 0O 0O 0O Ox Ox
Table 6. Influence of interface layers.
Cemented carbide disk lapped surface.
Normal load/N
Method
100 200 400 600 800 1000
SiC 0O 0O 0O 0O 0O 0O
SiCH OO Ox X X
SiCOH 00O 0O X X
Cr OO OO X X
Ti XX
Al Ox XX
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Fig. 3. Surface roughness values for the obtained cup
product and number of deep drawing operations
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