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Abstract— Sliding friction between a spherical pin of 8mm in diameter and flat (disk) substrates
coated with vacuum-deposited thin film was measured under ultra high vacuum pressure for va-
rious materials, various rates of film supply (8~210 nm/min), various sliding velocities (1.5~67.0
mm/s). It was found that the most effective lubrication was obtained when the adhesion between
SisN, pin and SUS440C disk was high and that between Si;N, pin and Si;N, disk was low. When
In film was used as a lubricant between Si;N, pin and stainless steel disk, the friction coefficient
had a value as low as 0.04. In this case, the normal load W and the sliding speed V were expressed
as 10N and 24 mm/s for 107%Pa. The dependence of u on the thickness h of the Ag film, which
was used as a lubricant between Si;N, pin and SUS440C (Q) disk was expressed as u=0.12 for
W=10N and V=24 mm/s when the film was thicker than 100 nm. A brief discussion on these
relations is presented from the viewpoint of the real contact area.
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Table 1. Properties of pin and disk

Disk Pin
2. AlEZIE 9 AlEHER Material Quenched |Cold .pressed
SUS440C SizN,
-1. dExz Vickers hardness Hv, kgf/mm? 800 1652
oA E 89 pinAlHH o 24 cold press Fol Surface roughness Rpa, um | 0.02~0.07 0.02
Elastic modulus E, GPa 204 320
.8, Poisson’s ratio v 0.3 027
SRR Density p, X10%kg/m® 8.00 324
o O > Thermal conductivity 29 28
ST T » A, W/mK
R 1 R o8 Thermal diffusivity 122 101
R4 a, %10 ®m?s
Disk Specimen Pin Specimen Fracture toughness K, - 52
MPa-m"*
Fig. 1. Shape and dimension of specimen.
Table 2. Properties of film materials
Film material Ag Au Bi In Pb Sb Sn
Vickers hardness Hv, kgf/mm? 59.0 69.0 136 1.0 6.5 85 84
Melting point Ty, K 1234 1336 545 430 601 904 505
Boiling point Tz, K 2423 2983 1833 2286 2028 4150 2753
Elastic modulus E, GPa 73 79 32 1 14 79 44
Density p, X10°%kg/m? 1049 19.32 9.80 731 1136 6.62 7.30
Thermal conductivity A, W/mK 428 300 84 25 35 19 63
Thermal diffusivity a, X10 °m?/q 1656 1176 6.9 14.3 23.7 139 38.1
Saturated vapor pressure 52X107% 154X 10°% [ 49X10 * | 7.3X107% | 1.2X1072 | 7.2X1072 | 49X107%
at 300K Pfy, Pa
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In Ag
Photo. 1. Evaporation surface of Ag film and In film.
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Fig. 20. EDX analysis of friction surfaces coated with
In film.
(a) disk; (b) pin

7ol pinell HA® o]aEx diskE® Alolel A
ggo] olfoltick A7Heh E pine] o2
FAubfge] §4-E vl 7] ool o) %%q}%
HISES g we £Evb Asain % 43
oot s gl et (ARG A3 2
ot Mk dahshed whA S sl Heha
g7,

- Agelel £

Axd EWIFA RAAE X220 pin
diske] vlrE® oky R Aubajgr} 28k Q)
h. pine] o1 4% 2 disk] ohe.se ] 5o i
Sohi AEEAE wWANA we Ba gekd
spsha olch g8vhe) Y2k o) B4l Fig 210]

Vol. 10, No. 3, 1994



28 A8} -

Ag island structure
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Fig. 21. Lubrication mechanism of film.
(a) Lubrication mechanism of Ag; (b) Lubrication me-
chanism of In.
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