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Development of a New Impact High Pressure Apparatus and Rheological Evaluations of L
ubricating Oils under Dynamic Compression

NAKAMURA, Yuichi

4,100,000 1,230,000

3GPa

A new impact high pressure apparatus was developed with a diamond-anvil pressure c
ell. Employing this apparatus and sphere deformation analysis method, solidification pressures and estimat
ed traction coefficients of lubricating oils were obtained under milliseconds order impact dynamic compres
sion up to 3 GPa. (Similar pressure in roller bearings) They were a little lower than those under the quas
i-static compression condition, but were roughly the same as those. Consequently, although increments of e
quivalent strain and mean diameter of deformed metal spheres were at most a half smaller than those under
the quasi-static compression condition, dynamic high pressure friction properties of solidified lubricatin
g oils in rheological and mechanical viewpoints can be approximated by those under the quasi-static compre
ssion condition.
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Fig. 3-1 Diamond Anvil Cell (D A C)
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Fig.4-1 Schematic diagram and photograph
of a newly developed impact high pressure
apparatus using diamond-anvil cell (DAC)

(a) 0. IMPa (b) Quasi-static 3.0 GPa

(c) Impact 1.5 GPa
Fig.4-2 Comparison of deformed pressure
chamber and Al sphere in TD2Li grease
between quasi-static loading and impact

(d) Impact 2.8 GPa

loading = 0.1 mm
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Fig.4-3 Signals from impact sensor for
impact time and load (output calibration
factor: 0.062 kN/mV, peak load of direct
impact without DAC=11kN, that of 8TD2Li-
10805M =1. 5kN)
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Fig.4-4 Thickness reduction Ah of DAC
pressure chamber
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Fig.4-5 Pressure calibration diagram with
thickness reduction Ah constructed by
quasi—static DAC experiments
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Fig.4-6 High-pressure viscosity of TD2
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Fig.4-7 Equivalent traction coefficient
v 1/Pm in between plastically deformed
TD2Li grease and base oil TD2 near Al (A
A) or Cu(@Q) sphere with quasi-static
loading (curves).

0.08 1ADE31209TS-¢ 0.8 A 5ADELi31125T- 0.8
0.07 I 1ADE21220TsCuSd9- ¢ 1 A GADELi31129T-200-$0.8 |
O 1ADE30111TsCud9-¢ 1 /\  GADE31118T-200-$0.8
0.06 K O  3ADE30724TsCu-$0.8 A 5ADE31115T-¢0.8
@  3ADELi30731TsCu-0.8 | ADEU331227
0.05

o o o
=3 o o
R @ &

Equivalent traction coeff., ¢ 1. Pm
o
o

o
=3
S

Fig.4-8 Equivalent traction coefficient
7 1/Pm in between plastically deformed ADE
grease and base oil near Al (AA) or Cu(@
O ) sphere with quasi-static loading
(curves).
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Fig.4-9 Impact high pressure apparatus
using a newly developed DAC
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Fig.4-10 Comparison of deformed Al sphere
in between grease and base oil after impact
loading 0.1 mm
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Fig.4-11 Variation of mean diameter (d/do)
of plastically deformed Al sphere for
TD2Li grease with quasi-static loading
(curves).
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