DOI:10.16078/j.tribology.2011.06.010

31 6 Vol 31 No6
2011 11 Tribology Nov 2011
12 1+ 1
(1. 730000;
2. 100049)
- ( PAO40 PAOL10) (MAC) 2
. ( 6.0 x 10 ™ Pa) ( SEM)
2 N
2
: TH117.2 TA : 1004 - 0595(2011) 06 — 0569 - 06

Tribological Behaviors of Several Synthetic

Hydrocarbons in Vacuum
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Abstract: The friction coefficient and wear resistance of a series of space liquid lubricants were investigated by the vacuum

four — ball tribometer ( VFBT) in air vacuum ( <6.0 x 10™* Pa) and high — purity nitrogen. The morphologies of the

worn surfaces were observed using a scanning electron microscopy ( SEM) . The tribological tests in the air show that the

selected oil exhibited lower and more stable friction coefficients with smaller wear scar diameters and smooth worn surface

comparing with the ones obtained in vacuum and high — purity nitrogen. It is supposed that the forming of continuous

boundary oxide film and the lubricant film was responsible for the different tribological behavior.
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Table 1 Typical properties and components of the three lubricants
Properties PAO4O PAOLD MAC
Average molecular weight 1 680 N 720 o 630
. CHy CH, CH;3 Hi Ren
St Chy Gl CHyy  (CHyp
CHy—CH£CHy—CH3CH>—CH; C|[,—4J;u(-(tl|1—ém5cug—cn,
m>3 m>3 R=CH ,m=2 ik 3
Viscosity at 40°C/(mm® - s~") 396 66 56
Viscosity at 100 C/( mm® +s”") 39 10 9.3
Viscosity index 147 137 148
Surface tension at 25 C/(mN * m =1y 29.0 28.0 24.5
Vapor pressure at 20 "C/Pa NM NM 5.6x10"
NM - not measured
1.2
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3000 r/min Fig. 1 Schematic of the apparatus
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30 min ( 25 ). 2
GCrl5 ( AISI - Table 2 Tribological characteristics of lubricants
52100) (;b12 7 mm. Lubrics Friction coefficient WSD/mm
ubricant Air Vacuum Nitrogen Air  Vacuum Nitrogen

PAO40 0.083 0.115 0.113 0.57 0.75 1.37
PAO10 0.073 0.113  0.120 0.60 1.35 1.66

10 Pa 2 h MAC 0.076  0.115 0.129 0.53 1.16 1.68
2.0x107* Pa
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(WSD ). 0.91 ( PAO40) .0. 88 ( PAOIO)  0.90
3 WSD  (MAC) C/min; 3
WSD
PAOI0  MAC 1. 13( PAO40) .1.32( PAO10)
PAO40 . 1.38( MAC) °C/min 1.24( PAO40) .
2 3 . 1.20( PAO10)  1.21( MAC) °C/min.
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Fig.2 Friction coefficient as a function of rotating time
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Fig. 3 Temperature of the lubricants as a function of rotating time
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Fig.4 SEM micrographs of wear scars in the air
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(b) PAOI10, 80 x

(d) PAOI10, 200 x (e) MAC, 200 x (f) PAO40, 200 x

Fig. 5 SEM micrographs of wear scars in the vacuum
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Fig. 6  SEM micrographs of wear scars in the nitrogen
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Fig.7 3D micrographs of wear scars in the air, Nitrogen and vacuum
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