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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, vamish, 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.

KEY WORDS: Heat Engine, Power Transmission, Engine Oil, Lubricating Oil, Transmission Oil, Additive Lubrication, Tribology
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Fig.l Components of Solid Surface
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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 B 243
Pour Point T -42.5
Flash Point (PM) v 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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B TTIRIF ORI b = Do A M RIET S

J.SOPE Japan, Vol. 28 No. 3 (2016)



Bk, A, 711 MR OFRECERINANC & % Kt K UAF ARl O FHE 3

% Table 11577, BRSEE, RBEIC X BREEZE(LAYV & it
Bt (SiRFEME I A POE, DST R{t&Hofsark L
T5, BLLEERSR (SOT) ILESELE 1.06 TEMERTED
KR L2 <, BYEORIME -0.80 mgKOH/g I1AN#E{%
e bie<, Ty H—EiXftEwLe L CTRBEmCAT v
PIRAL TR LARLTWA,
3.3 FETFMFAE T YA A IVICEMEFDERRMER
g A = P A A v (SNSW-30) I 10 vol%
TR O R4 Table 2 (27T, A Ottt
LR BMEOBREL 10 BERECHI T 58y FFa—T72

FORERIE, FRETEINAIEE LA 7 THIINSEIT 8 T 143%D
ERTHoT, T AMEEIIFRERICE %56 & 82%T 46.4%D
Wmtho7,

PAED L D ICFB iAo RIT R E <, FRCERLEE L
77 by 7 ABEIRTEOMMNRBILNG 30%H1EH Y, —hoo
FRERERT S LS (CENE T I, EEE, mEWE
R R EOBEERE 4, —AMOBE{LRbLE &
Wolt A RRr V—MREOKEIFS L TNDH I L 2TH
LTwWa,

Table 2 Effects of Reducing Additive Chemistry on Engine Oil (SN5W-30)

SOD-1 SN5W-30 SN5SW-30+50D-1(10 vol%) | Progress Rate %
Kinematic Viscosity 40°C mm?/s 610.0 60.9 77.6 27.4
100°C mm?/s 92.4 10.5 13.5 28.6
Viscosity Index 243 162 179 10.5
FALEX Seizure Load Ibs - 750 1000 333
Hot Tube Test  289°C  Mark —~ 7 8 14.3
Rubber Swelling Degree vol% - 5.6 8.2 460.4

Table 3 Effects of “SOD-1" on ATF Oil Chemistry and Shear S

tability (Ultrasonic Method, JPI-55-29-88)

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

Kinematic Viscosity 40°C  mm?/s 337 42.2 252
100°C  mm*/s 7.21 8.96 243

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 24.4
100°C  mm?/s (After Test) 6.50 7.59 16.8

Rate 100°C % -9.85 -15.4 —
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Table 4 Effects of New Reducing Additive Ratio Viscosity on

Lubricant Oil (ATF, 5W-30, VG320)

ATF B;;"' Base Oil (ATF)+SOD-1
0 vol% 3 vol% 5 vol% 7 vol% 10 vol%
Kinematic
Viscosity 239 26.1 28.7 30.1 349
40°C mm?/s
100°%C 54 59 6.4 6.7 7.8
mm-/s
Viscosity 170 182 189 191 204
Index
SW-30 BC:;" Base Oil (Engine oil)+SOD-1
Ovol% | 3 vol% Svol% | 7vol% 10 vol%
Kinematic
Viscosity 60.4 70.1 65.5 66.3 77.4
40°C  mm?/s
i I 16 | 140 | 140 | 137 16.4
mm*/s
Viscosity i 5
b 191 208 223 215 229
VG320 B(;‘f]e Base Oil (Gear 0il)+SOD-1
0 vol% 3 vol% 5 vol% T vol% 10 vol%
Kinematic
Viscosity 324 327 330 350 334
40°C mm*/s
e 239 | 260 | 300 | 320 33.2
mm-/s
Viscosity
Yoo 94 104 125 129 140
!
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Fig.2 Rise Ratio of Viscosity for Additive Ratio

36 TUTUAMNICLKEUILORBERR ST A58
THEFOEE
FEEH A — A OFIEAA /L 5W-30 (i) % BVt
AN X5 o = V- IUERBEFERR SR DEESE, FEFEO B4 RE
L7z, BEB5IEZEESHEE 1200 rpm, 1 400N, 18EE 75°C
KF] 60 min THEMEL7AER, Fig 3 104X 5L
OEEFERAEIL 0.46 nm T, WOEIE D IE 0.33 mn & EFREITR
Al OFESNAS 0. 13 mm 272 < 28. 3% DL RETRL, Zhb
DYAED & FRBTCIRINFI D EEBE, BEFEICH L TR 4%

HLTHEY, hI4Hno—HhendEn it 2L T
WwWa,
" g
< . 033,
— |00 m
No Additive Oil Additive Oil (10 vol%)
oy B
o4 |
033
0.3
0.2

Mo Additive

Ve, 10%

4. FLESTEMFERA VN -RER

4.1 FETFEMFOFMEDH VY T o ToOREKSEE

PHEREEORERERE, MET oA i L
T#J 1,000 km EfTHRIZT P U0E LT SRE LT,
XD, TV EMBLTORITIRINAIZ 10 vol %S LT
44 50 km/h T 5089 km EfTHRIZT PV EBHELT L E
HORB L Lz, 3612, Bl THICFSHETS, 032

J.SOPE Japan, Vol. 28 No. 3 (2016)



Bk , #8111 - i OFHRITRINANC £ 2 MM B & UHFmRHEO Tk 5

km, &3t 10,121 km EfT#IZ 2 B H O AHBA Liz, €0
FER, 1, 2[EH & LR THRNF ORINE L5 IER e
EITLTERY, B FRT 4 DA VB ILIZERE L
TWZHESRO~ Fako A T v PTG, BRESh
TWEARERDORETH- T,

PR ITTHINFIOFMAT#EO ) 7~y F FEAEE B A
hANEO R Fig. 4 (2R T, ) rF~y K ERAEIT 2
Bl Ol TRTN, ALy 7 FRoH LEE S OREIC
BLEAZELTWERT vV, h—Rroary IENGHE,
B L ENTERENBENRTWEORSNS, ERA RUco
Wi, Fig 412711, 2@ BOAESEENLZ 70
bW by 7Ty FORAT v VHENE L MR, HFES
L, lst & 2nd BA b ) Y OBEERKIC L AEITEAA
Yo X OEREARDEND, EbiZ, VAR ITLS
T 7 A RERAT L BT A L, bR L D
{0701 2Y g

HEGH A DSEF L LT, 1500 cc OEHTMAEICIRE LT
W 2 FANE# 381 5 7 A FIVERD €0, HC OHIFEfE % Table
510RT, Z0FNEH COD0,03 %, HC A% 45 ppm & KiBlzdk
EANEZENSMND, ZOLI BRI
RDART v, A—Ry, V=R, TRV y VELXHEE &
HLEOEBINTHAETTE, BEbMESLL LR
SAETE T,

4.2 DI 527) FY 7 MRREDS v avA A ILIcE
I+ 5FERTHRMFOR

B, FVU 7 FBEEAMEEZBUTWALY, HERDE—H
—RAR— LB L THe Wiz L — AT, AF— bbb
500 m % 10 sec Aiif% T 200 ke/h (22N, 2FEGEIZTH
AryvVrb by AI visa VERITARELRAME S
TEEM L EREAND, ZOBEEHEDI v a A VIEHR
TEHIEI D E SV TH 22 BEITL T, F04A D
= JVIUERBEFERAER & o Fe /T4 FEHE L /-4 R % Table 6 & Fig,
i fab

T OFSER, ESEESITENR TR L T 0.93 mm, #I0A
AHYT038mm T59.1 %P, BRI TR OAEFLFE
EDH-7-TH#EIL Fe T, HFMAIEL T 15 mass%, AIHIA
VG4 mass% R L, 73.3 %OMER|IC LV ERE L ERIE
LW+ aZ &R LT, &6IT, Cu Al P72EITONT
b EHRIZ 60.0~97.8% MerEMN R bz, £z, FFA3—(Z
LB L IREIA © o, i UP, DOWN B3 v 7§
BN TAL—XTHDH LOEIEZETHT,

Table 5 Effects of Reducing Additives on Emission of CO, HC

__CO% HC ppm
Before Addition | 0.03 54
After Addition 0.00 9

BARMERPERE 5 28 £ 3 5 (2016
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Cam Shaft Assembly in Cylinder Head
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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 85W-250 +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
Zn 0.5 0.5 0.0
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
Vv 0.0 0.0 0.0

300 e
No Additive Oil Additive Oil (10 vol%)
; Jm 0.93 S I
0.8 .
o5 |
02 |

Additive 10%a

[ No Additive

Fig. 5 Shell 4-Ball Wear Test (MT Oil 85W-250 for Race)
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Fig.6 Detector for Evaluating Fatigue Life of Thrust Ball Bearing
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