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Base Oil 
Category 

Sulfur (%)  Saturates (%) Viscosity Index 

Group 1 >0.03 and/or <90 80 to 120 

Group II <0.03 and >90 80 to 120 

Group III <0.03 and >90 >120 
Group IV All polyalphaolefins (PAOs) 

Group V All others not included in Groups I, II, III or IV 
 



Low viscosity

Low friction

Measures of lubricant

Input energy
100% 

Pumping loss

Line loss

Actuator loss

Valve lossEfficient 
Energy
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V104C Vane Pump
Flow rate 10L/min

Kinematic viscosity [mm2/s]@40℃
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QXi = −

PXi − POLi

POLi

×100



 

 



 



 



 



 



 



 



 



 

 



 



 



 



 



 



 



 



 



 



 



 



 

Major axis mm 67
Minor axis mm 57
Width mm 15
Surface roughness Ra μm 1.0

Thickness mm 2
Width mm 15
Surface roughness Ra μm 0.2

Ring

Vane

TCP
(Tricresyl phosphate)

DTP
(Alkylated dithiophosphate)

OA
(Oleic acid)



 

PAO
mass%

TCP
mass%

DTP
mass%

OA
mass%

99.99 99.49 99.48 99.48

0.50 0.50 0.50

0.01 0.01 0.01

0.01 0.01 0.01

Tested fluid

TCP

OA

TCP/DTP

TCP/DTP/OA

TCP OA TCP/DTP TCP/DTP/OA

Density 15 C g/cm3 0.8280 0.8280 0.8281 0.8281
Density 20 C g/cm3 0.8249 0.8249 0.8250 0.8250
Kinematic Viscosity 40 C mm2/s 29.69 29.70 29.66 29.70
Kinematic Viscosity 100 C mm2/s 5.802 5.800 5.784 5.798

142 142 141 142Viscosity Index

Vane Ring Total

TCP 0.1 1.8 1.9

2.3

0.1 0.3 0.4

TCP/DTP/OA

0.4 1.9

Test fluid
Wear(mg)

OA

TCP/DTP

0.0 1.4 1.4



 

Primary ion
Ionic current 
Measurement area

Secondary ion

Mass resolution 5000

30 keV, Au+

0.6  pA
 100 μm2

positive & negative
(0 1850 amu)

m/z Functional groups
215 H Fe (PO3)2

231 H FeO (PO3)2

277 H Fe P (PO2)3

293 H FeO (PO2)3

349 H Fe FeO P (PO2)3

365 H FeO 2 P (PO2)3

421 H Fe FeO 2 P (PO2)3

437 H FeO 3 P (PO2)3

509 H FeO 4 P (PO2)3



 

Ring Block

Material JIS
SNCM220H

JIS SKH51

Hardness (HRc) 60 58 - 62
Surface rughness (Ra) <0.5 <0.5

Sylinder Disk
Material JIS SUJ-2 JIS SUJ-2

Hardness (HRc) 62 62
Surface rughness (Ra) <0.1 <0.1

Oil temp. ( ) 40
Sliding velosity (m/s) 0.2

Load (N) 300
Test duration (min) 30

Oil temp. (℃) 40
Sliding velosity (m/s) 0.2

Load (N) 150
Test duration (min) 30
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2hopt = N −φ( )λmax    where   N =1,  2,  3...

   
hopt = nsphsp + nlubhlub

   
hlub =

N −φ( )λmax −2nsphsp

2nlub



 



 



 



 



 



 



 



 



 



 



 



 



 

 



 



 



 

Load N 20
Rolling speed mm/s 0.1
Stroke mm 1
Temperature 25
Relative humidity % 20 - 60 

Material SUJ-2 steel
Size dia. : 19 mm 
Surface roughness Ra : 16 nm
Material BK7 glass
Size dia. : 50 mm, t : 5 mm
Surface roughness Ra : 4 nm

Ball

Plate

VG5S VG15S VG32S Gr. BO
Density 15 C g/cm3 0.797 0.817 0.827 0.822
Kinematic Viscosity 40 C mm2/s 5.01 15.7 29.6 19.7
Kinematic Viscosity 100 C mm2/s 1.69 3.72 5.69 4.28

127 136 126Viscosity Index



 

VG5S
OA1

[mass%]

VG15S
OA1

[mass%]

VG32S
OA1

[mass%]

VG15S
OA0.01
[mass%]

VG15S
OA0.1

[mass%]
99.00 99.99 99.90

99.00
99.00

1.00 1.00 1.00 0.01 0.10

PAO C20fraction
PAO C30fraction
PAO C40fraction

TCP
DTP
OA

VG15S
TCP

[mass%]

VG15S
DTP

[mass%]

VG15S
TCP/OA0.01

[mass%]

VG15S
 TCP/DTP
[mass%]

VG15S
TCP/DTP/OA0.01

[mass%]
99.50 99.99 99.49 99.49 99.48

0.50 0.50 0.50 0.50
0.01 0.01 0.01

0.01 0.01

TCP
DTP
OA

PAO C20fraction
PAO C30fraction
PAO C40fraction



 

 

 

VG5S VG15S VG32S Gr.  BO
Initial boundary-film [nm] 0.1 0.1 0.6 0.3

Rollong lube-film [nm] 0.2 0.9 1.3 0.9
Remaining boundary-film [nm] 0.0 0.2 0.8 0.5

VG5S_OA1 VG15S_OA1 VG32S_OA1 VG15S_
OA0.01

VG15S_
OA0.1

Initial boundary-film [nm] 1.1 1.5 1.5 0.4 0.8

Rollong lube-film [nm] 0.7 1.1 1.6 0.8 1.1
Remaining boundary-film [nm] 2.0 2.2 2.1 1.5 1.8

VG15S
OA0.01

VG15S_
TCP

VG15S_
DTP

VG15S_
TCP/OA0.01

VG15S_
TCP/DTP

Initial boundary-film [nm] 0.4 0.2 0.5 0.8 0.4
Rollong lube-film [nm] 0.8 1.1 0.8 1.0 0.9

Remaining boundary-film [nm] 1.5 1.0 1.1 1.0 1.0

VG15S_
TCP/DTP/OA0.01

0.4
1.0
1.0



 



 



 



 



 













 



 



 



 



 



 



 



 

 



 



 



 



 

 

 

 



 

 
 
 

 
 

 
 
 

 
 

 



 



 



 



 



 



 




