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APPARATUS AND METHOD FOR EVALUATING BEARING FATIGUE LIFE OF LUBRICANT
AND VISCOSITY OF A NEW SYNTHETIC LUBRICANT

Noriaki SATONAGA Takashi WATANABE Hideo TAKEGAWA

KEY WORDS: Heat Engine, Power Transmission, /Engine Qil, Lubricating Oil/Transmission Oil, Additive Lubrication/Tribology

We developed a new unique reducing additive composed primarily of polyol-ester, di-ester, and vegetable oil-based ester compounds in order

to switch from boundary to fluid lubrication and improve tribology performance, and chemically and experimentally investigated its effects on

tribology performance. To confirm the lubrication effects of this reducing additive, we added it to oil and chemically investigated the cleaning

and dissolving of the ultra-fine particle layer of contaminants, etc., adhering to lubrication pathways and sliding surfaces, and performed

commercialization testing using actual vehicles. We found that this additive washed away and dissolved sludge, varnish, and other contaminants

from lubricated surfaces, improving their lubrication properties and their tribology performance by reducing abrasion and friction. Furthermore ,

we would like to evaluate tribological performance by using a detector for evaluating fatigue life of the thrust ball bearing by the change depending

on an additive ratio.
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Table 1 Oxidation Stability Test of Reducing Additives (SOD-1)

Kinematic Viscosity =~ 40°C  mm?/s 610.0
100°C  mm?/s 92.4

Viscosity Index 243

Pour Point C -42.5

Flash Point  (PM) C 170.0

Ash mass % 2.305

Oxidation Stability  (ISOT)
Viscosity Ratio 1.06
Increased Oxidative mgKOH/g -0.80
Lacquer Rating No Deposits
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Table 2 Effects of Reducing Additive Chemistry on Engine Oil (SN5W-30)

SOD-1 SN5W-30 SN5W-30+SOD-1(10 vol%) | Progress Rate %
Kinematic Viscosity 40°C mm?/s 610.0 60.9 77.6 274
100°C  mm?/s 92.4 10.5 135 28.6
Viscosity Index 243 162 179 10.5
FALEX Seizure Load Ibs — 750 1000 33.3
Hot Tube Test 289°C  Mark — 7 8 14.3
Rubber Swelling Degree vol% — 5.6 8.2 46.4




Table 3 Effects of “SOD-1” on ATF Qil Chemistry and Shear Stability (Ultrasonic Method, JP1-55-29-88)

New Oil (ATF) | New Oil (ATF)+SOD-1(7 vol %) | Progress Rate %

Kinematic Viscosity 40°C  mm?/s 33.7 42.2 25.2
100°C  mm?/s 7.21 8.96 24.3

Viscosity Index 185 200 8.1
Acid Value mgKOH/g 1.72 1.48 -14.0

Shell 4-Ball Wear Test (ASTM D4172) mm Seizure 0.46 —

Shear Stability (Ultrasonic Method)

Kinematic Viscosity 40°C mm?/s (Before Test) 33.6 42.0 25.0
40°C  mm?/s (After Test) 30.8 36.3 17.9

Rate  40°C % -8.33 -13.6 —
Kinematic Viscosity 100°C mm?/s (Before Test) 7.21 8.97 244
100°C  mm?/s (After Test) 6.50 7.59 16.8

Rate 100°C % -9.85 -154 —
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Table 4.Effects of new Reducing Additive ratio Viscosity on
Lubricant Qil (ATF, 5W-30, VG320)

ATF Base Base Oil (ATF)+SOD-1
Qil
0vol% 3vol% 5vol% 7vol% 10vol%
Kinematic 23.9 26.1 28.7 30.1 34.9
Viscosity
40°C  mm?/s
100°C mm?/s 5.4 5.9 6.4 6.7 7.8
Viscosity 170 182 189 191 204
Index
5W-30 Base Base Oil (Engine 0il)+SOD-1
Qil
0vol% 3vol% 5vol% 7vol% 10vol%
Kinematic 60.4 70.1 65.5 66.3 77.4
Viscosity
40°C  mm?s
100°C mm?/s 11.6 14.0 14.0 13.7 16.4
Viscosity 191 208 223 215 229
Index
VG320 Base Base Oil (Gear 0il)+SOD-1
Qil
0vol% 3vol% 5vol% 7vol% 10vol%
Kinematic 324 327 330 350 334
Viscosity
40°C  mm?/s
100°C mm?/s 23.9 26.0 30.0 32.0 33.2
Viscosity 94 104 125 129 140
Index
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Fig.2 Rise ratio of viscosity for the additive ratio
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Fig.3 Shell 4-Ball Wear Test (SN 5W-30)
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Table 5 Effects of Reducing Additives on Emission of CO, HC

CO% HC ppm
Before Addition 0.03 54
After Addition 0.00 9

) After 10,121 km Driving
Cam Shaft Assembly in Cylinder Head

) Bfore Test of
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Enlarged View of Crown and Piston Rings

Before Test
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Piston Side View of Before Test and After Addition
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Fig. 4 Effects of Reducing Additive on Camshaft Assembly,
Piston Side and Piston Rings
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Table 6 Acid Dissolution Metal Analysis of Reducing Additive
on Transmission Oil in Drift Car Engine
(Shell 4-Ball Wear Test)

.. . 85W-250 | Progress
Transmission Oil 825;7(\)7 +SOD1 | Rate %
Diameter of
Wear Scar mm 0.93 0.38 -
Element Mass %

Fe 24.9 1.2 95.2
Pb 0.0 0.0 0.0
Cu 0.5 0.2 60.0
Cr 0.2 0.0 100
Al 3.1 0.2 93.5
Ni 0.0 0.0 0.0
Sn 0.1 0.0 100
Si 0.2 0.0 100
B 0.1 0.0 100
Na 0.4 0.0 100
P 4.5 0.1 97.8
7n 0.5 0.5 0
Ca 0.5 0.1 80.0
Ba 0.1 0.0 100
Mg 0.0 0.0 0.0
Mo 0.0 0.0 0.0
\ 0.0 0.0 0.0

No Additive Oil Additive Qil (10 vol%)
p 0.93
0.8 |
0.6
; 0.38
04 |
0.2
0
No Additive Additive,10%

Fig. 5 Shell 4-Ball Wear Test (L — X MT A4 /- 85W-250)

4.3 EEFMTEOHIE

B L LTI 6 1257 2T 2 b Bz Haaiis
Wo, BERAIEA T A N E#E 51104 (UM% 35mm, PR
20mm, 7 & 10mm, E££556mm) O EEE 14 E D 3 fE
WL, =22 X A ElEZ -~V M TR Lilia iR E
L7cdibszoosits (B ZEEsSE, Nig (Tl Z2EE L



72o WZIFICE- 2 N D BT SR 2R T D 2 Lok
0D, AT A NHHEEZ 44kN & L, fifilol#izikid 1000rpm & [ 7E
L7z, ERRICE D M7 25H 5 2 LIC L 0 B & iR
THILENTED, ZOFRMFTOERAMILI1LIBh, &K
KAV BT 11X 4GPa & 725, i EOR 22 RRT 5
7o OITHlS ORI L A IRBINITEDOEEE 2 2 L 21/
7oRg, b LTGRO MY a2 5 X 5 Rl -7
RRCITReESAMER L, E—X BHEMEIET 5 & 9 Ic&e
B BLELE LI-RRGHE Lz,

Detail of Detector

Ik Detector

L Loading
\  Spring

Spi ir’d le
|
Cantilevel

) Measurid

Fig.6 Detector for evaluating fatigue life of the thrust ball bearing
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