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Friction Properties and Damage Morphology of Coated Cold Press Dies
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To clarify the mechanism that leads to damage in the form of wear and galling in coated
cold-working dies used for pressing high tensile strength steel (HTSS), an investigation
was conducted into the influence of coating film properties such as composition, surface
roughness, and thickness on the degree of damage. The results showed that vanadium
(V)-based coatings deposited by physical vapor deposition (PVD) exhibited stable sliding
characteristics at all test temperatures and the oxide that formed on the surface inhibited
abrasive wear. It was also found that reducing the surface roughness and increasing the
thickness of the coating were effective for inhibiting coating damage. In the evaluation
using actual HTSS processing equipment, an AICrVN coating whose properties were
optimized by nanometer-scale control of its composition using alternating layer-by-layer

growth was found to significantly improve the lifetime of the die.
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Fig.1 Relationship of friction coefficient and oxidation onset
temperature for each coating
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Table 1 Life of cold pressing dies in each coating

TRD PVD PVD PVD CVvD
Coating composition VC CrN AICIrSiN | TiAIN TiC
300,000| 12,000 | 12,000 | 40,000 | 20,000

Coating process

Life of dies
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Fig.2 Cross section TEM analysis of TRD coating after pressing
(a) (b) (c) SAD image of each spot
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Table 2 Detail of coating samples for sliding test

Coating process| PVD PVD PVD PVD CVvD TRD PVD

Coating . ] AICIN

composition AICrN CrN VN TiSiN TiC VC AIH,TV( N

Thickness (um) 3 3 3 3 8 8 3

Hardness 3,200 | 1,600 | 2,000 | 3.400 | 3,000 | 2300 | —
(HV0025)

Oxidation

temperature (C) 1,000 | 600 400 | 1,000 | 300 300 700

AICrN

(Base layer) Laminate layer

Al VN

(X) =0.3 *Aly;VysN
(X)=0.5 *AlysVosN
(X)=1.0 3%VN

Bace of material
3 AICIN + Algx VN EIRIBE D

Fig.3 Pattern diagram of laminate coating structure of AICIN + Al1.x)
V(X)N
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Fig.4 Result of ball-on-disk test in each coating

SICKRAT B L OHAERE M IS THREREEIT- 72
RRERT . REATOWE, AICTrN R FTIN % 845 255
HBL72DIZH L, TiC3RREREDHEIT L, ThEhR—
NVHOBEREPRE S ol =T, EZTTE, wih

42 HiI£BHR Vol. 31 (2015)

5 BRETICHTIR-IF LT« X7RBRER (LB HERAA
(F4R7), TEBFHA (K-I))
(@) AICIN K5 F (b) AICIN EZ2F (¢) TiC ASRF (d) TiC Bz
Fig.5 Result of ball-on-disk test on several environments (upper: test
piece (disk), lower: counter parts (ball))
(a) AICrN atmos (b) AICrN vacuum (c) TiC atmos (d) TiC vacuum
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Fig.6 Friction coefficient of AICrN + Al1.x)VxN
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Table 3 Mechanical property of AICIN + Al.x VN

Laminate layer Al;,,VN Base X)=03]| X)=05| X)=1.0

Hardness (HVows) | 3100 | 2850 | 2700 | 2,600
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Fig.7 SEM image of each surface after sliding test
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Fig.8 AES analyse of adherent Fe oxide on AICrN coating surface
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Fig.9 AES analyse of adherent Fe oxide on AICrN + VN coating
surface
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Fig. 10 Schematic view of abrasive wear of ceramics”
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Fig. 11 SEM image of coating damaged area in pressing die
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Table 4 Detail of coating samples of reciprocating slide type friction
testing

Test condition | Number of sliding: 100 Number of sliding: 500

Coating PVD | PVD | PVD PVD TRD | PVD

process

Coating CrN | AICIN | TiC AICIN VC |AICTVN

composition

Thickness 4.8 4 4 4.8 8 8

(um) ’ '

Hardness 1,600 | 3,200 | 3,400 3200 |2300 2600
(HVO,OZS)

Roughness Rsk>0 | Rsk>0 | Rsk>0 | Rsk>0, Rsk<0| Rsk<0 | Rsk<O

Load
Counter parts: DAC” (45HRC)

Coated surface J'L $8X10 mm

| Sliding
direction

Test piece: SLD” (59HRC)
W180X D20 X H10 mm
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Fig. 12 Reciprocating slide type friction tester
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Fig. 13 Surface of each coating after reciprocating slide type friction
testing
(a) CrN 3 um (b) CrN 8 pum (c) AICrN 3 um (d) TiC 3 um
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Fig. 14 Result of reciprocating slide type friction testing in each
coating
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Fig. 15 Surface profile of each coating after sliding test
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Fig. 16 SEM image of cross section of each coating below sliding points
(a) AICrN (b) AICrVN

- 30 um L s

EATha 48 ray o+ Gk RE - . " L ot

17 $BEDEBR(IC THRAE L BRI LLE (a) AICIN (b) AICTV

Fig. 17 Comparison of abrasion powder caused by sliding test
(a) AICIN (b) AICrVN
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Fig. 18 Appearance of each coating surface after sliding test
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Fig. 19 Result of XPS analysis of adherent Fe-oxide on each coating
surface (a) AICrN (b) AICrVN
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Fig.21 SEM image of cross section of PVD coatings after pressing
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Coating layer Tensile stress

> Compressive stress

Substrate
22 X737y FRETOPVD #HERE SEM &
Fig.22 SEM image of cross section of PVD coatings below scratch

track
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Fig.23 Relationship of deformation amount of substrate and scratch
force
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Table 5 Life of cold pressing dies in each coating

Coating process PVD TRD CVvD PVD
Film composition CrN, VC etc. VC TiC AICrVN
Life of dies < 250 100~500 900 5,000
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Fig.24 TEM image of cross section of AICrVN after pressing
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