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1.�Ü �ƒ �“ �«

�ß �N�Ì �' �fi �Ô �Ì �� �« �\ �» �É �` �ƒ �˜ ,�¨ �� �„ �˘ �´ �« �� �× �Æ�‚

�Ì �‰�ß �� �� �ß �Ì �g�� �C�{ �� �W�[ �« �\ �ü �ª �É �˛ �• �Ø�v �� �“ �Œ�i

�˘ �� �µ �˜ �« �˜ �¢ �Ø�B �–�Œ�ç �Ì �v �� �É �� �ƒ �Ø�Ł �i �˘ �µ �˜ �� �� �«

�\ �Ì �ü �ª ,�� �C,�� �Õ �Ì �Æ�‚ �Ì �‰�ß �G�X�e �� �n �� �‹ �� �� �ß �“

�J �› �‡�Œ�˜ �«�‰�“ ,�Ü �¾ ,�\ �“ �˘ �˝ �¾ �¢�ï �¢ �B �–�Ì �G�X�e ��

�n �� �‹ �� �� �ß �˝ �L�@ (�� �b )�_ �˘ �A�� �R�[ �� �ð �· �¿ �˘ �µ �˜ �¢

�Ø�“ ,�` �É �| �� �I �[ �� �G�X�e �� �n �� �‹ �� �� �ß�kl121pl�~ �˝ �‡ �� ,

�« �E�� �� �' �ç �‹ �Ì �� �� �Ö �Ì �Ú �s �˘ �� �� ,�� �Õ ,�� �C �ð �ü �P�• �Ø�‰�ß �É ,�| �� �I �[ �� �G�X�e �� ,�W �G�X�e �� �n �˘ �A �¤ �ß �n �G�X�e

�� �» �� �¤ �¨ �˙ �ð �å �‹ �“ �˘ �µ �‰�˘ �' �Ì �V �Ò �‡ �Y�` �Ü �ð �J �› �µ ,�� �� �˚ �É �¯ �� �µ �‰�R�� �^ �~,�X �� �b �W�â �� �j �X�¨ �˙ �Ì �z �� �“ �q �w �Ì

�� �� �E�n �ð �É �æ �Ł,�I �C�� �N �� �A �� �� �X �ð �˜ �¶ �µ , �g�� �C�{ �� �W�[ �« �\ �É �y �Ú �• �e �¿ �ð �À �– �I �É �“ �Ł �µ �‰�B �» �Ì �� �˚ ,�V �Ò �‡ �Y

�` �Ü �˝ �� �� �˚ �Ì �X �� �b �W,�� �j �X�¨ �˙ �Ì �R�� �^ �~�Þ �ð �ô �ò ,�n �ð �• �Ø�– �˘ �É �æ �Ł,�� �� �« �ð �ü �ª �µ �� �Õ �â �� �C�ð �Æ�‚ �‡�„ �Ø �g��

�C�{ �� �W�[ �« �\ �Ì �ü �P �“ �¯ �« �Ø�– �˘ �“ �í �' �` �‰�B �G�� �W�� ,�I �[ �g�} �‘ �b �N�E �g�� �� �X �~ �b �V �� �� ,�p �� �[ �X�e �A �� �� �O�â �f �t

�@�� �� �V �� �� �M�A�¨ �˙ �Ì �à �fi �\ �˚ �ð �¢ �⁄ �� �Œ�ð �‡ �Ì �à �fi �\ �˚ �É �� �‡ �‡�Œ�‰�� �Æ�â �z �Ł �‡�Œ�Ø�� �J �j �Y �� �ð �ƒ �µ ,�V �� �‹ �� �� �ß �Ì

�g�� �C�{ �� �W�[ �« �\ �ð �» �w�I �B�¤ �� �I �ì �p �˘ �À �p �� �– �� �É �æ �Ł�� �Ø �µ �‰�– �˘ �˘ �¡ �ª �Ì �ı �‰�� �– �ß �@�Ì �ß �ü �« �É �´ �¢ �˜ �ƒ �• �B

�L �[ �� �[ �h :�à �R�@�Ö ,�fi �˝ �‘ �B�� �u ,�G �� �W�� �I �C�� ,�� �� �ß , �g�� �� �X �~ �b �V �� �� �I �C�� ,�Y �` �Ü ,�g �� �C�{ �� �W�[

u7e deVeloped a ne�A v unique rcducillg additive colnposed primarily of polyol�\ ester,di�] cster.and vcgctable oil�\ bascd cstcr compounds in

ordcr to s�A vitch from botuldal�¡  to fluid lubHcation and improvc�� bology perfomance,and chenlically and expelimcntaly investigatcd is

c�¡ cts on tribology perfolrnance To confurn thc lubrication cttcts ofthis reducing additive,�A vc addcd itto oil and chemica�a y tivcstigated thc

clcaning and dissolvillg of lle ultra�\ lille particle layer of contalninants, etc, adhering to lubrication pathways alld sliding suttes, and

pcrR)llned conlmcrcialization tcsting using actllal vchicles �RVc folind that this additivc�A vashcd away and diss�B lvcd sludge,varnish,ald other

contaminan�à ,om lublcated surfaces,iFnprOVing their lub�Ü cation p�_ pertics and thcir tlibology pelforrnance by reducing abrasion and ttction

Fulthemore,�A ve would likc lo evaluatc tHbological pcrR)llnance by using a dctcctor lor cvaluating fatigue life oftlle thl�¡ lst ball bcaring by tllc

change depending on an additivc latio
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�W�F �b �g�G�� �W�� �Ì �� �� �ß �˘ �µ �˜ �L �› �g �p �‡�Œ�˜ �¤ �Ł,�¯ �ß ,

�' �fi �Ô �p �˘ �µ �˜ �� �Ú �‡�Œ�˜ �¢ �Ø�B

�–�Ì �� �‹ �� �� �ß �˝ �z �¤ �n �� �� �ß �˘ �ä �× �˜ ,�Æ�• �‹ �fi �« ,�M ,

�_ �» �À �Ł �« �É �D�Œ,�� �S�x �¯ �g �p �• �x �˝ �˝ �“ �L �› ,�� �� �« �“

�˙ �D�¯ �· �ò ,�“ �U�« �â �¶ �“ �ð �« �ð �L �• �Ø�¨ �˙ �‰�› �Ì �` �• �ð �L

�• �Ø�B�µ �' �µ ,�� �_ �˘ �µ �˜ �` �� �“ �ð �ð �µ �â �• �› ,�z �…�« �“ �  �Ł,

�S�� ,�V �[ �� �Þ ,�÷ �� �â �h �¿ �¯ �§ �À �‡�Œ,�Ü �‰�R�X �g�“ �� �¢

�_ �ð �L �• �Ø�“ ,�� �‹ �� �� �ß �Ì �� �¯ �g�� �C�{ �� �W�[ �« �\ ,�¨ ��
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�„ �˘ �¨ �G�l �¨ �˙ �É �˛ �µ �˜ �¯ �à �@�\ �I �É �D�Œ�˜ �¢ �Ø�� Iq�˘ �¾ �í

�Œ�˜ �¢ �Ø�B�� �‹ �� �� �ß �˝ �e �í �� �� �ß�Y�` �Ü �fl,�fl �ð �‹ �� �µ �˜ �» �¢

�‡�Œ�˜ �¢ �Ø�“ ,�� �� �ß�Y�J���Ü �Ì �å �¨ �í �Þ �˘ �µ �˜ �· �ò �“ �U�Ü ,

�_ �» �h �~�Ü ,�É �‡ �Ü ,�h �K�Ü ,�S �x �w�� �ü �ª �Ü ,�‹ �fi �_ �~ �”

�Ü ,�` �A�Ü �â �� �C�Æ�‚ �Ü �¨ �˙ �“ �  �Ł,�– �Œ�ç �Ì �Y�` �Ü �Ì �» ��

�¤ �˝ �' �fi �Ô �Ì �› �W�˘ �» �Ì �´ �« �˘ �˘ �à �É �ˇ �v �µ �˜ �« �˜ �¢ �Ø�B �–

�Ì �æ �⁄ �¨ �ó �µ �Ì �” �¯ �¯ �V �Ì �' �fi �Ô �Z�p �É �˛ �� �¯ �« �Ø�� �� �ß �˝

�G�X�e �� �� �‹ �� �� �ß �˘ �µ �˜ �| �� �I �[ �� �G�X�e �� �n �â �W�G�X�e

�� �n �Y�` �Ü �ð �Y�` �Ü �˘ �µ �‰�� �‹ �� �� �ß �“ �s �´ �� �˘ �l �ƒ �ç �Œ�Ø�B

�{ �⁄ �� �˝ �G�� �W�� , �g�� �� �X �~ �b�V �� �� ,�f �t �@�� �� �V��

�� �M�A�¨ �˙ �Ì �' �fi �Ô �p �� �� �ß �Ì �� �� ,�� �Õ ,�� �C�« �\ �¨ �˙ �ð

�æ �Ł�ü �P�• �Ø�‰�ß , 2�� �I �� �‹ �Y�` �Ü �˘ �µ �˜ �| �� �I �[ �� �G�X

�e �� (POE),�W�G�X�e �� (DST)�â �A�¤ �ß �n �G�X�e �� (VOE)

�» �� �¤ �¨ �˙ �ð �å �‹ �“ �˘ �µ �‰�˘ �' �Ì �V�Ò �‡ �Y�J���Ü (SOD-1�Ü �‰

|�Ü COAPlus)�ð �J �› �µ , �g�� �C�{ �� �W�[ �« �\ �É �y �Ú �• �e �¿ �ð

�» �w�I �ì �p �˘ �À �p �� �– �� �É �æ �Ł�m�F �µ ,�‡ �ç �É �V�Ò �‡ �Y�` �Ü

�Ì �Y�` �� �� �É �˛ �• �Ø�S�« �] �¿ �â �ı �‰�] �¿ �Ì �ð �˝ �ß �@�ð �� �¢ �µ

�‰�Ì �¯ �æ�� �• �Ø�B

2.�¯ �ß �Ì �G�� �W�� �É �¤ �fl �Ø�� �� �ß�Y�` �Ü �Ì �X �ü

�¯ �ß �Ì �G�� �W�� �É �¤ �fl �Ø�� �� �ß�Y�` �Ü �Ì �X �ü �� �ð �' �˜ �Ý �Ø

�˘ ,�f �B�[ �[ �� �G�� �W�� �˝ �s �fi �S�R�˜ �É �æ �Ø�� (C)�“ ,�R �¿

�Ì �R�˜ �É �æ �` �˜ �› �¶ �• �ØNO�â S03�˘ �‰�� �µ �˜ �¯ �« �Ø�¶ �‹ �¤

�“ �f �| �W�b �g�Ì �å �‹ �“ �¯ ,�� �b�J �[ ,�� �j �X�˝ �‡ �k �s �ö �Ì ��

�œ�ß �› �¯ �› �¶ �• �Ø�Æ�“ �q �Ì �R�¿ �_ �» �¤ �˘ �l �ƒ �ç �Œ�˜ �¢ �Ø�B�R

�˜ �” �à �Ì �f �| �W�b �g�Æ�‚ �É �R�¿ �Y�` �Ü �˘ �� �� �Y�` �Ü �ð �� �p �µ

�‰�æ�� [�¯ �“ �  �Ø�B�Ü �‰,�v F�K�X�Ì �ª �� �� �˘ �µ �˜ �� �â �D�Ì �ß �¤ �ð

�Ú �I �˘ �µ �‰DPF�Ì�D�“ �~�ˇ �ð �› �¨ �› �• �Ø�‰�ß �É ,�J �� �V �E��

�° �_ �� �ð �x �[ �X�É �µ �‰�� �� �ß �Y�` �Ü �“ �“ �  �Ł,�N �� �� �N�P�[ �X

�à �Ì �� �� �ß �� �Ì �� �Ì �¶ �Ý �“ �o �� �u �n �˘ �� �C�i �[ �� �Õ �É �e �¿ �ð

�^ �ƒ �Ø�Ì �¯ ,�K �Ø �¨ �� �� �Y�` �Ü �ð �p �¢ �Ø�– �˘ �É �æ �Ł�…�Ò �Ì ��

�Õ �ð �§ �ä �µ �˜ �À �p �» �¯ �«�‰�æ�� �Ô �“ �  �Ø�B

�K �\ �� �� �G�� �W�� �Ì �f �| �W�b �g�¶ �‹ �˝ ,�� �• �Ì �æ �¯ �Ì �î �ß

�Ì �_ �» �ò �» �“ �å �· �ö �˘ �¾ �í �Œ,�Æ�• �Ì �æ �¯ �˝ �R�¿ �˘ �» �Ì �_ �»

�¤ �“ �å �· �ö �˘ �¨ �Ł,�– �Œ�ç �Ì �¤ �¿ �˝ �u �� �[ �o �C�K�X�Ì �‹ �“ �˘

�µ �˜ �N�� �� �N�P�[ �X�à �¯ �÷ �� �ó �â �J �[ �{ �� �ó �¤ �¿ �ð �‘ �‹ �µ �˜ ,

�G�� �W�� �à �� �Ì �� �� �ß�o �H�â �e �� �Ì �˝ �ˇ �¤ �˘ �¨ �Ø�B �Ü �‰,�K

�\ �� �� �G�� �W�� �Ì �Æ�� �C�� �– �« �ð �� �• �´ �\ �¨ �V�K �Ì �� �� �ß �Y

�` �Ü �kq�Æ
�° �' �ð �Ü �Ü �¨ �¢ �W�A�� �L�� �Ó �_ �� �� (ZnDT)�â �Ó

�_ �G�X�e �� �¨ �˙ �Ì �Z�� �Õ �« �ü �ª �Y�J���Ü [11]�à �J �› �‡�Œ�˜ �¢ �Ø�B

�µ �‰�“ �` �˜ ,�f �B�[ �[ �� �˘ �K �\ �� �� �G�� �W�� �É �˘ �` �˜ �⁄ �˚ �Ì

�f �| �W�b �g�˛ �ô �˝ ,�� �� �ß�Y�J���Ü �Ì �· �ò �“ �U,�“ �ð �« �˘ �_ �»

�h �~ �“ �¯ �à �d �v �¨ �ì �p �˘ �¾ �ƒ �Ø�B

3.�V �Ò �‡ �Y�` �Ü

3.1 �V�â �‡ �Y�` �Ü �Ì �R�� �Z �v �g

�' �fi �Ô �G�� �W�� ,�ˇ �‹ �@,�f �t �@�� �� �V�� �� �M�A�¨ �˙ �Ì ��

�� �  �fi �� �\ �˚ �É �¯ �� �µ �‰�f �| �W�b �g, �� �j �X�â �X �� �b �W�¨ �˙

�Ì �R�� �^ �~�Þ �˝ ,�� �Ô �Ì �o �ß �˘ �˘ �à �É �ˇ �w �µ �˜ , �g�� �C�{ �W

�[ �« �\ (�� �� ,�� �Õ ,�� �C)�É �« �e �¿ �ð �^ �ƒ �˜ �¢ �Ø�B �–�Œ�ç

�ð �ü �P�• �Ø�‰�ß �É �˚ �í ,�I �C�� �ð �• �� �É �� �ß �n �· �ò �Ü �¯ �t ��

�b�V�� �O�ð �À �{ �• �Ø�ß �@�“ �  �Ø�“ ,Fig.1�É �ƒ �• �æ �⁄ �É �ª �' �ç

3�w �Ì �Œ�˚ �Ì �� �Œ�Ì �� ,�z �� �“ �q �w �˘ �_ �» �� �' �ç �¨ �Ø�R�� �^

�~�Ì �fi �S�� �� �˝ �¢�ï �¯ ,�� �� �‡�Œ�‰�R�� �^ �~�Þ �“ �� �� �ß�o �H

�É �l �Ü �` �‰�Ł �µ �˜ �· �ò �ł �˚ �˝ �› �¨ �› �¨ �Ł,�� �� �s �˙ �ð �› �¶ �•

�Ø�¨ �˙ �t �É �� �X�N�ð �” �⁄ �B

�µ �‰�“ �´ �˜ ,�V �Ò �‡ �Y�J���Ü �˝ POE,DST�âVOE�n�» �� �¤

�� �ð �å �‹ �“ �É �e �í �Y�` �Ü �ð �u �� �� �h�µ �‰�V�Ò �‡ �Y�` �Ü �ð �W��

�I �¨ �Y�J���ƒ �˘ �µ �˜ �G�� �W�� ,�Ł �fi �ˇ �‹ �@,�p �� �[ �X�e �@��

�� �O�˘ �f �t �@�� �� �V�� �� �M�A�E�I �C�� �˝ 10v01%,�' �fi �ˇ �� �@

�I �C�� �˝ 7 vol%�‹ �� �• �Ø�B�V�Ò �‡ �Y�J���Ü �˝ �� �� �ì �p �ð �µ �¨ �“

�ç �R�� �^ �~�Þ �ð �· �ò ,�� �� �µ ,�¯ �� �Ì �à �fi �` �H�˚ �É �ß �• �Ò �‡

�ì �p �É �æ �Ł,�� �C�„ �‚ �ð �å �� �É �Æ�‚ �µ �\ �“ �¨ �I �C�� �N �� �A ��

�� �X�ð �Û �� �• �Ø�– �˘ �¯ �� �� �« �ð �ü �P �µ �˜ �� �Õ ,�� �C �ð �‚ �› �¯

�« �Ø�˘ �' �Ì �ì �p �¯ �  �Ø�B
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Fig l Components ofSolid Surface

�æ �` �˜ ,�V �Ò �‡ �Y�` �Ü �Ì �R�� �Z �v �g�˝ �� �� �  �fi �� �Ì �R��

�^ �~�Þ �ð �· �ò ,�“ �ð ,�� �� �µ �˜ ,�¯ �� �Ì �� �� �˚ (�à �fi �` �H�˚ )

�ð �˜ �¶ ,�Ò �‡ �• �Ø�– �˘ �É �æ �Ł,�� �� ,�� �Õ ,�� �C �˘ �¢ �´ �‰

�g�� �C�{ �� �W�[ �« �\ �Ì �ü �P �ð �ƒ �· �µ �˜ �¢ �Ø�B�V�Ò �‡ �Y�J���Ü

�Ì �¯ �å �Ì �� �_ �˝ �` �� �“ �ð �Ì �µ �â �• �‡ �˘ �z �…�« �¯ �  �Ł,�Ü �‰

�S�� ,�V �[ �� �Þ �ð �c �� ,�d �» �• �Ø�` �« �“ �  �Ø�“ ,�– �Ì �˛ �ô

�˘ �µ �˜ �˛ �ß �n �ß�� �Ì �O�� �[ �X�‹ �“ �� �ð �Y�` �• �Ø�– �˘ �É �æ �´

�˜ �˛ �� �µ �˜ �¢ �Ø�“ ,�t �É �˙ �D�¨ �� �˚ �ð �¾ �˜ �¢ �Ø�B

Table 1 Oxidation Stability Test of Reducing Additives (SOD-l)

Kinematic Viscosity 40oC mm2/s
100'C mm2/s

6100
924

Viscosity Index
PourPoint "C �]425

Ftash Point (PM) t 1700

Ash mass o% 2305
Oxidation Stabili��  (ISOT)

Viscosity Ratio
IncreasedOxidative mgKOHie -0.80

Lacquer Rating No Deposits

3.2 �G�� �W�� �I �C�� �»�w�I �«�ó �É �¤ �fl �Ø�V�Ò �‡�Y�` �Ü �Ì �e�¿

�V�Ò �‡ �Y�` �Ü �Ì �» �w�I �« �ó �˘ �G�� �W�� �I �C�� �É �y �Ú �• �e �¿

(104) �vSOPE Japan,VoL 28 No 3(2016)



�¢ �i ,�n ç† ,�| �ì :�� �� �ß �Ì �V�Ò �‡ �Y�` �Ü �É �æ �Ø�S�« �¤ �æ �Ñ �ı �‰�] �¿ �Ì �Ł �@

�ð Tablc l�É �ƒ �• �B �� �S�x ,�• �x �É �æ �Ø�S�x �ˇ �» �“ �‹ �‡ �› �ˇ

�R�« ,�Æ�• �‹ �fi �« �É �D�Œ�ØPOE,DST�n�» �� �¤ �Ì �` �F �ð �\ �µ

�˜ �¢ �Ø�B�_ �» �À �Ł �x �� �– (ISOT)�˝ �S�x �ä 106�¯ �_ �» �O�ª �Ì

�S�x �ˇ �» �“ �› �¨ �› ,�_ �C�q�Ì �� �` �˚ -080 mgKOH/g�˝ �` �M�ª �Ì

�_ �» �“ �› �¨ �› ,�� �b�J �[ �x �˝ �t �� �¤ �¨ �µ �¯ �_ �» �¤ �â �X�� �b�W

�“ �‹ �ü �µ �˜ �¢ �¨ �¢ �– �˘ �ð �ƒ �µ �˜ �¢ �Ø�B

3.3 �V�Ò �‡ �Y�` �Ü �ð �G�� �W�� �I �C�� �É �Y�` �� �Ì �» �w�I �« �ó

�V�Ò �‡ �Y�J���Ü �ð �G�� �W�� �I �C�� (SN5W-30)�V�ß �É 10 vol%

�Y�` �� �Ì �» �w�I �« �ó �Ì �� �˚ �ð TabL 2�É �ƒ �• �B�I �C�� �Ì �ˇ �M�«

�˘ �ô �ò �“ �U�« �Ì �ö �x �ð 10�i �K�¯ �» �f �• �Ø�z �b �g�‘ �� �[ �u �e �X

�m�Ì �] �_ �˝ ,�V �Ò �‡ �Y�` �Ü �‡ �µ �“ 7�¯ �Y�J���ª �˝ 8�¯ 14.3%�Ì

�ª �‚ �¯ �  �´ �‰�B�S�� �c �� �x �˝ �fl �l �É �e �X56�˘ 8.2%�¯ 464%�Ì

�� �J���¯ �  �` �‰�B

�¨ �ª �Ì �æ �⁄ �É �V�Ò �‡ �Y�` �Ü �Ì �ł �˚ �˝ �å �« �› ,�` �É �fi �S�x �˘

�t �@�� �b �N�X�˜ �t �× �d �Ì �� �` �ƒ �˝ �æ 30%�O�ª �  �Ł,�– �Œ�ç �Ì

�ª �‚ �ƒ �“ �ª �q �• �Ø�æ �⁄ �É �V�Ò �‡ �Y�` �Ü �“ �� �� ,�� �C,�ˇ �M�«

�˘ �ô �ò �“ �U�« �¨ �˙ �Ì �¡ �� �ì �p �˘ �S�� ,�V �[ �� �Þ �Ì �d �» �h �~ �˘

�¢ �` �‰�g�� �C�{ �� �W�[ �« �\ �Ì �ü �P �É �æ�^ �µ �˜ �¢ �Ø�– �˘ �ð �ƒ �·

�µ �˜ �¢ �Ø�B

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

SOD-1 SN5�RV�] 30 SN5W-30+SOD�]1(10V01%) Progress Rate %o

Kinematic Viscosity  40�� C mm2/s

100�� C nll�¡
2/s

6100 776 274
286

Viscosity Index 179

FALEX Scizure Load    lbs 1000 33.3

llot.Tube rest   289R3   �slark 7 8

Rubber Swelling Degree vol9/o 464

Table 3 Effects of "SOD-1" on ATF Oil Chemistry and Shear Stability (Ultrasonic Method, JPI-55-29-88)

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

Kinematic Viscosity 40'C mm2/s 337 422 252
100�� C  nlm2/s 243

Viscosity lndex
Acid Value      mAKOH/g

Shc11 4-BJl Wear Tcst(ASTM D4172)   mm Seizure

Shear Stability(Ultrasonic Method)

Kinematic Viscosity 40'C mm2/s (Before Test) 336 420 250
40�� C mm2/s(Atter Test) 363

Rate   40�� C          % �]833

Kinematic Viscosity 100'C mm2/s (Before Test) 897
100�� C mm2/s(After Test) 650

Ratc  100�� C           % -985

3.4 ATF�I �C�� �É �y �Ú �• �V�Ò �‡ �Y�` �Ü �Ì �e �¿ �˘ �� �f �À �Ł �x �� �–

ATF�I �C�� (�V �ß)�É �y �Ú �• �V�Ò �‡ �Y�` �Ü (7 vol%�Y �J��)

�Ì �e �¿ �˘ �� �f �À �Ł �x �� �– �Ì �� �˚ �ð TabL 3�É �ƒ �• �B �V�F�� �l ��

�� �Õ �� �– �É �¤ �¢ �˜ �V�Ò �‡ �Y�` �Ü �‡ �µ �Ì ATF�I �C�� �˝ �˜ �t �¢ �‰

�“ ,�Y �` �ª �˝ 0 46nllm�Ì �� �Õ �a �¯ �  �´ �‰�B �æ �´ �˜ ,ATF�É �¤

�¢ �˜ �à �V�Ò �‡ �Y�` �Ü �Ì �fi �S�x �É �˛ �• �Ø�e �¿ �˝ �æ 25%�� �` �µ ,

�S�x �w�� �˝ 81%���J���µ ,�_ �¿ �à �} �C�i �X�ð �ƒ �µ �˜ �¤ �Ł,�– �Œ

�ç �Ì �` �« �“ �V�Ò �‡ �Y�` �Ü �Ì �� �S�x ,�ˇ �M,�ˇ �_ �« �À �Ł�« �˘ �ˇ

�� �Õ �« �Ì �ü �ª �É �˛ �• �Ø�e �¿ �ð �ƒ �µ �˜ �¢ �Ø�B �‡ �ç �É ,�� �f �À �Ł

�x �� �– �˝ �· �„ �g �� �– �@�É �æ �Ł40�� �˘ 100�� �¯ �“ �Ł �µ �‰�B

�µ �‰�“ �` �˜ ,�� �f �À �Ł �x �� �– �É �æ �Ł�� �– �O�Ì 40�˘ 100�� �Ì

�fi �S�x �Ì �� �` �ƒ �˝ �…�Ò �˘ �à �æ 25%�¯ ,�� �– �ª �É �¤ �¢ �˜ �˝ �fl �l

�É �fi �S�x �Ì �� �` �ƒ �˝ �…�Ò �˘ �à �æ 17%�¯,�� �– �O�ª �É �¤ �fl �Ø40

�˘ 100�� �Ì �fi �S�x �Ì �� �` �ƒ �˝ ,�e �X�æ63�˘ 57%�ð �ƒ �µ �˜ �¢ �Ø�B

�¨ �ª �Ì �� �˚ �' �ç ,�V �Ò �‡ �Y�` �Ü �Ì �Y�J���É �æ �´ �˜ ,�� �– �O�ª �˘

�• �x �ˇ �» �É �” �⁄ �S�x �ª �‚ �ƒ �“ �Ù �Ú �Œ�Ł �¯ �  �Ø�Ì �¯ ,�� �f �À �Ł

�x �Ö �y �Ú �• �e �¿ �˝ �‡ �' �` �‰�B

3.5 �V�Ò �‡ �Y�` �Ü �Ì �Y�` �ƒ �É �˛ �• �Ø�� �� �ß �Ì �S�x �ˇ �»

�V�Ò �‡ �Y�` �Ü �˝ �G�� �W�� ,�Ł �fi �ˇ �‹ �@,�f �t �@�� �� �V�� ��

�M�A�E �I �C�� �É 10vol%,ATF�I �C�� �É 7vol%�ð �Y�` �• �Ø�– �˘

�ð �W�� �˘ �µ �˜ �¢ �Ø�“ ,�Y �` �ƒ �É �˛ �• �Ø�S�x �ˇ �» �ð �“ �Ł �µ �‰��

�˚ �ð TabL 4�É �ƒ �• �B�{ �À �– �˝ �� �� �ß �˘ �µ �˜ ATF,5W30,VG320

�Ì �V �‰�¨ �O�� �[ �h�� �� �ß �ð �g �p �µ �‰�– �˘ �' �ç ,�î �ß �' �ç �S�x

�ð �˜ �“ �Ł �µ �‹ �� �QJ�� �ð 3,5,7,10 vol%�˘ �ˇ �» �‡�„ �˜ �S�x �Ì

�ˇ �» �ð �“ �Ł �µ �‰�BTabL 2�˘ Tablc 3�Ì �î �ß�f �[ �^ �˘ �S�x �“ �Ù �¨

�Ø�“ ,�� �‹ �ß �Ì �S�x �˝ �K�i �˘ �µ �˜ �Ì �˝ �˝ (�Æ �ƒ �˛ SAE�K�i �¯

100�� �É �¤ �¢ �˜ �˝ 9.3�‘ 12.5mln2/S)�ð �F �ß �ç �Œ�Ø�– �˘ �' �ç ,�d

�l �˘ �µ �˜ �˝ �K�i �ð �� �« �µ �˜ �¢ �Ø�BTable 4�É �î �ß �É �˛ �• �Ø�ˇ

�» �Ì �� �� �ð �ƒ �• �BFig 2�É �e �� �� �ß �˘ �à �“ �Ł �É �¤ �fl �Ø�º �• �ð

�Ü �Þ �˘ �l �ƒ �ç �Œ�Ø�æ �⁄ �¨ �ˇ �fi �� �“ �' �ç �Œ�‰�“ ,�X �ü �˘ �µ �˜ �˝

�Œ�Ł �Ì �ä �Æ�Ö �W�Ì �ª �‚ �X �ü �“ �F �ß �ç �Œ�Ø�B

�Ü �‰,�î �ß �Ì �S�x �“ �� �¢ �Ù �˙ ,�` �É �� �• �� (100�� )�Ì �‹ �� ��

�� �É �˛ �• �Ø�ª �‚ �ƒ �˝ �Æ�” �• �Ø�X �ü �“ �F �ß �ç �Œ�‰�B

�œ�{ �Ý �ı �˙ �� �w�ï �� �æ 28�“ 3�� (2016) (105)



ATF Base
oil Basc Oil(ATF)+SOD-1

O vo10/0 3 vol�� /0 5 vo10/0 7 vo10/0 10 vo10/�B

Kinematic

Viscosity

40�� C mm2/s

100�� C

mm2/s

Viscosity
Index

204

Table 4 Ettctt of New Rcducing Additivc Ratio ViscOsi�T on

LubH�å nt Oil(AT,5�R V�] 30,VG320)

(27�m

"Dll% VG320

02468

��  4o?C  o 100�� �\ �\ �\ (40�� )�Œ   (100�� C)

1��  vol%

Fig.2 Rise Ratio ofViscosity for Addit�s e Ratio

3.6 �G�� �W�� �I �C�� �É �æ �Ø�V�F�� �l �� �� �Õ �� �– �¤ �fl �Ø�V�Ò

�‡ �Y�` �Ü �Ì �e �¿

�^ �' �fi �Ô �� �[ �J �Ì �� �‡ �I �C�� 5�z 30(�V �ß)�ð �p �¢ �˜ �V�Ò �‡

�Y�` �Ü �É �æ �Ø�V�F�� �l �� �� �Õ �� �– �Ì �� �C,�� �Õ �Ì �e �¿ �ð �“ �Ł

�µ �‰�B�� �– �ß �@�˝ �æ�] �‹ �x 1200 rpm,�� �× 400N,�• �x 75��
,

�� �Ô 60 min�¯ �À �{ �µ �‰�� �˚ ,Fig 3�É �ƒ �• �æ �⁄ �É �Y�J���Ü �‡ �µ

�Ì �� �Õ �› �a �˝ 0.46 nlm�¯ ,�Y �J���Ü �L �Ł�˝ 0.33 nlm�˘ �V�Ò �‡ �Y

�` �Ü �Ì �Y�` �“ 0.13 nlm�› �¨ �› 28.3%�Ì �‚ �› �ƒ �ð �ƒ �µ ,�– �Œ�ç

�Ì �� �l �' �ç �V�Ò �‡ �Y�` �Ü �“ �� �C,�� �Õ �É �˛ �µ �˜ �L �ł �¨ �` �« �ð

�L �µ �˜ �¤ �Ł, �g�� �C�{ �� �W�[ �« �\ �Ì �ü �P�Ì �´ �\ �« �ð �ƒ �· �µ �˜

�¢ �Ø�B

No Addijve Oil

..0.311m

- 

l(X)r Dr

Addijve Oil(10V01%)

5 ,�� ��

4 �u  �‘^

31

�¡ |

1 :

Fig.3 Shd14-BJI Wcar Test(SN SW�] 30)

4.�V �Ò �‡ �Y �` �Ü �ð �p �¢ �‰�À �p �Æ

4.1 �V�Ò �‡ �Y�` �Ü �Ì �Y�` �æ �Ø�K�\ �� �� �G�� �W�� �Ì �à �� �ô �ò �Æ

�� �ˆ �y �' �fi �Ô �Ì �� �� �fi �ı �ª ,�� �‡ �G�� �W�� �I �C�� �É �ð �• �µ

�˜ �æ 1,000 km�� �s �ª �É �G�� �W�� �“ �ð �ð �µ �˜ �à �� �_ �� �ð �µ �‰�B

�» �Ì �ª ,�G �� �W�� �ð �g �Ý �§ �˜ �˜ �Ò �‡ �Y�J���Ü �ð 10 vol%�Y �˝�œ�µ �˜

�‰�ˇ 50 km/h�¯ 5089 km�� �s �ª �É �G�� �W�� �ð �˜ �“ �ð �µ �˜ 1�æ

�œ�Ì �ä �r �_ �� �ð �µ �‰�B�‡ �ç �É ,�˜ �g �Ý �§ �˜ �ª �É �fl �ð �� �¯ 5,032

(�¯ �m�¯�B)-1

%
ATF
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�@

�E

2

40�� C  O

4       6

1001C �\ �\ �\ (40’C)
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6       8
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�r �b

�E

�R��

�B Base Oil (Engine oil)+SOD-l

O vo10/O 3 vo10/0 5 vo10/0 7 vo10/�B 10 vo19�Ø

Kincmatic

Viscosity

40�� C  nlm2/s
655 663

100�� C

inm2/s

Viscosity
Index

223 229

VG320 Base
oil Base Oil (Gear oil)+SOD-l

O vo10/�B 3 vo10/0 S vol�V 6 7 vo10/�B 10 vo19�»

Kinematic

Viscosity

40�� C mm2/s
334

100�� C
mm� s̄

239 260 320 332

Viscosity
Index

(R2=0967

�� ��
/

�m �C

/
/�¥ R2_09626

/
��  ��

(106) �v.SOPE Japan,Vo! 28 No.3(2016)
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�¢ �i ,�n ç† ,�| �ì :�� �� �ß �Ì �V�Ò �‡ �Y�` �Ü �É �æ �Ø�S�« �¤ �æ �Ñ �ı �‰�] �¿ �Ì �Ł �@

h,�� �v 10,121 km�� �s �ª �É 2�æ�œ�Ì �ä �r �_ �� �ð �µ �‰�B �» �Ì

�� �˚ ,1,2�æ �Ú �˘ �à �V�Ò �‡ �Y�` �Ü �Ì �Y�` �ª �˝ �e �� �É �· �ò �» �“

�i �s �µ �˜ �¤ �Ł,�` �É �V �� �� �_ �{ �f �B�Ì �I �C�� �˚ �H�E �É �~�ˇ �µ

�˜ �¢ �‰�´ �˙ �C�¡ �Ì �w �h�� �ó �Ì �X�� �b�W�“ �Ù �Ú �· �ò ,�� �� �‡�Œ

�˜ �¢ �‰�_ �˝ �� �Ú �Ì �‹ �˚ �¯ �  �´ �‰�B

�V�Ò �‡ �Y�` �Ü �Ì �Y�` �O�ª �Ì �V �� �� �_�w �b �h�ª �˚ �à �� �˘ �s �X

�g�� �⁄ �˚ �Ì �ä �r �ð F�i .4�É �ƒ �• �B�V �� �� �_�w �b �h�ª �˚ �à �� �˝ 2

�æ�Ú �Ì �ä �r �¯ �ƒ �• �“ ,�J �� �V�� �t �g�â �J �� �ì �fi �� �“ �Ì �\ �˚ �É

�� �› �¯ �� �µ �˜ �¢ �‰�X �� �b�W,�J �[ �{ �� �Ì �R�� �^ �~�Þ �“ �“ �ð ,

�· �ò �» �‡�Œ�˜ �à �fi �˚ �“ �» �Œ�˜ �¢ �Ø�Ì �“ �“ �' �Ø�B �s �X �g�� �É �´

�¢ �˜ �˝ ,Fig.4�É �ƒ �• 1,2�æ �Ú �Ì �⁄ �˚ �˚ �^ �' �ç �N�� �E�� �� �˝

�à �˘ �æ �� �g�b�v �� �� �h�Ì �X �� �b�W�Þ �“ �� �µ �› �“ �ð ,�· �ò �» �‡

�Œ,lst�˘ 2nd�s �X �g�� �� �� �O�Ì �¯ �� �ð �œ�É �æ �Ø�� �‡ �˘ �I �C��

�� �� �O�Ì �· �ò �» �“ �F �ß �ç �Œ�Ø�B �‡ �ç �É , �s�X �g�� �� �� �O�˘ �N

�� �E�� �� �ð �� �– �O �˘ �g �å �ä �r �• �Ø�˘ ,�· �ò �» �Ì �ó �µ �“ �æ �Ł�¾

�m�É �F �ß �ç �Œ�Ø�B

�r �C�K�X�Ì �ü �P�Æ�˘ �µ �˜ ,1500 cc�Ì �� �˚ �æ �p �Ô �É �V�Ò �‡ �Y

�` �Ü �ð �Y�` �O�ª �É �¤ �fl �Ø�A�C �h�� �� �Ì CO,HC�Ì�“ �Ł�l �ð Tablc

5�É �ƒ �• �B �–�Ì �\ �' �ç CO�“ 0.03%,HC�“ 45 ppm�˘ �å �� �É �ü

�P �‡�Œ�‰�– �˘ �“ �“ �' �Ø�B �–�Ì �æ �⁄ �É �V�Ò �‡ �Y�` �Ü �˝ �G�� �W��

�à �Ì �X �� �b�W,�J �[ �{ �� ,�� �j �X,�f �| �W�b �g�Þ �ð �“ �ð ,�ô

�ò �µ �¯ �� �Ì �à �fi �` �H�˚ �ð �Ò �‡ �¯ �« ,�R �˜ �à �ü �P �‡�Œ�Ø�– �˘ �“

�§ �Ø �¯ �«�‰�B

4.2 Dl�O �� �� �v �� �h�� �t �g�£ �Z �Ô �Ì �~ �b�V �� �� �I �C�� �É �¤

�fl �Ø�V�Ò �‡ �Y�` �Ü �Ì �ł �˚

�¯ �ß , �h�� �t �g�£ �Z �“ �r �ı �ð �� �Ñ �˜ �¢ �Ø�“ ,�] �� �Ì �� �[ �^

�[ �X�| �[ �c �˘ �ä �r �µ �˜ �' �¨ �Ł�ß �� �¨ �� �[ �X�¯ ,�X �^ �[ �g�' �ç

500m�ð 10 scc�O �ª �¯ �æ200 km/h�É �} �` �‹ �ª ,�} �‚ �‹ �É �ˇ �ƒ

�Ø�G�� �W�� �˘ �g�� �� �X �~ �b�V �� �� �� �É �˛ �• �Ø�� �x �¨ �ˇ �v �« �˘

�ˇ �� �Õ �« �ð �v �� �‡�Œ�Ø�B �– �Ì �Ô �…�Ì �~ �b�V �� �� �I �C�� �É �V�Ò

�‡ �Y�J���Ü �Ì �L �‡ �É �´ �¢ �˜ �e �X2�� �Ô �� �s �µ �˜ ,�» �Ì �I �C�� �Ì �V

�F�� �l �� �� �Õ �� �– �˘ �‡ �f �“ �˝ �ð �À �{ �µ �‰�� �˚ �ð Table 6�˘ Fig

5�É �ƒ �• �B

�–�Ì �� �˚ ,�� �Õ �› �a �˝ �V�Ò �‡ �Y�` �Ü �‡ �µ �¯ 093111m,�Y�J���Ü

�L �Ł�¯ 0 38 nlm�¯ 591%�›�¨ �› ,�‡ �f �“ �˝ �¯ �¯ �à �° �� �¨ �L �Ó

�• �Ì �  �´ �‰�‡ �f �˝ Fc�¯ ,�Y �` �Ü �‡ �µ �¯ 15 mass%,�Y�J���Ü �L

�Ł�¯ 4 mass%�ð�ƒ �µ ,733%�Ì �ü �P�ƒ �É �æ �Ł�� �C �˘ �� �Õ �“ ��

�µ �› �‚ �› �• �Ø�– �˘ �ð �ƒ �µ �‰�B �‡ �ç �É ,Cu,AL P�¨ �˙ �É �´ �¢ �˜

�à �fl �l �É 60.0�‘ 978%�Ì �ü �P�“ �' �ç �Œ�‰�B�Ü �‰, �h�� �C�o �[ �É

�æ �Ø�˘ �Y�` �Ü �L �Ł�Ì �� ,�ˇ �‹ �Ì lIP,DOWN���Ì �V �� �b�N�„

�“ �ˆ �' �¯ �X�� �[ �Y�¯ �  �Ø�˘ �Ì �æ�� �¯ �  �´ �‰�B

Tablc 5 Effects ofRcducing Additives on Emission of CO,HC

CO% HC opm
Bcforc Addition 003

After Addition 9

Cam Shaft Assembly in Cylinder Head

Bcforc Tcst After 10,121 km Driving

Enlatted View ofCrown and Piston Rngs

After 5,089 km Driving After 10,121 km Dri�� ng

Piston Side View ofBefore Test and AtterAddition

Fig.4 Effccts ofReducing Addtivc on CalllttaR Assenlbly,

Piston Side and Piston Rings

�¨ �ª �Ì �� �˚ �É �æ �Ł,�V �Ò �‡ �Y�` �Ü �˝ �ß �� �¨ �~ �b�V �� �� �¨ �˙

�Ì �� �� �ó �µ �É �¤ �¢ �˜ �à ,�� �C,�� �Õ �¨ �˙ �Ì �g�� �C�{ �� �W�[ �«

�\ �ð �� �µ �› �ü �P�“ �¯ �« ,�� �ˇ �v �« �ð �¾ �ç �J�� �–�µ �‰�B �» �Ì �…,

�� �� �ß �� �Ì �Ù �¤ �Ì �‹ �“ ,�‘ �ó �¨ �˙ �ð �ˇ �@�µ ,�ó �Ô �Ì �ò �» �ó �µ

�ð �] �¿ �• �Ø�Ł �@l121�ð �p �¢ �Ø�– �˘ �¯ ,�V �Ò �‡ �Y�` �Ü �Ì �L �ł �« �ð

�� �J �j �Y�� �˘ �µ �˜ �ƒ �• �– �˘ �“ �œ�Ò �¯ �« �Ø�“ ,�– �Œ�ç �É �Ö �µ �˜

�˝ �¡ �ª �Ì �Û �Ł �˘ �µ �˜ �� �Ø �ð �` �ƒ �Ø�B

�Ü �‰,�V �Ò �‡ �Y�` �Ü �Ì �» �w�I �ì �p �É �´ �¢ �˜ �à , �‡ �ç �É �H�w

�I �¨ �ð �¾ �ð �` �ƒ�˜ �À �{ �• �Ø�B

Before Test

�œ�{ �Ý �ı �˙ �� �w�ï �� �æ 28�“ 3�� (2016) (107)
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Transmission OiI 85W-250
85W�] 250
+SOD-1

Progress

Rate %
Diameter of
Wear Scar mm 0.93 0.38

Element Mass %

Fe 249 1.2 952
Pb 0.0 0.0 0.0

Cu 0.5 02 600
Cr

��
�j 00 100

Al 0.2 93.5

Ni 00 00 00

Sn 01 00 100
Si 02 00

B 01 00 100

Na 04 0.0 100

P 45 01 978
Zn 05 0.5

Ca 0.5
��
�� 800

Ba 0.1 0.0 100
NIIg 00 00 00

�WIo 0.0 00

V 0.0 00 0.0

Table 6 Acid Dissolution Metal Analysis of Reducing Additive

on Transmission Oil in Drift Clar Engine

(Shell 4-Ball Wear Test)

No Additive O�a AddLivc Oil(10V01%)

Fig.5 Shel1 4�] Ban Wcar TcstcM�uOn 85W�]250 for Race)

4.3�† �ó �ı �‰�] �¿ �Ì �ß�@

�� �– �@�˘ �µ �˜ �˝ Ft 6�É �ƒ �• �X�� �X �g�˚ �† �ó �ı �‰�� �– �@�ð

�p �¢ �Ø�B�� �– �—�˝ �X �� �X �g�˚ �† �ó 51104�Æ�m

"5nlm,�à
�a

20mm,�� �‡ 101111n,�˚ �a 5.56�¡ lm)�Ì �˚ �� �ð 14�´ �' �ç 3�´ �É

�‚ �¶,�� �[ �^ �É �æ �Ø�æ�] �ð �x �� �g�É �˜ �‘ �B �µ �ß�� �� �É �Ý �u �µ

�‰�† �ó �Ì �O�Ö (�ª �A)�ð �æ�] �‡�„ ,�à �Ö (�” �Ö )�ð �¯ �Ł �µ �‰�B

�† �ó �fl �É �^ �ƒ �ç �Œ�Ø�× �d �˝ �‡ �k �o �l �ð �÷ �t �fl �Ø�– �˘ �É �æ �Ł,

�X �� �X �g�× �d �ð 4.4kN�˘ �µ ,�† �æ�] �� �˝ 1000rpm�˘ �¯ �Ł �µ �‰�B

�æ�] �É �æ �Ø �g�� �N�ð �v �“ �• �Ø�– �˘ �É �æ �Ł�� �C�˝ �ð �c �‹ �• �Ø�–

�˘ �“ �¯ �« �Ø�B �–�Ì �ð �� �” �¯ �Ì �Ł �i �ı �‰�˝ H38h,�¯ �å �w�� �c

�Ú �G�‡ �˝ �˝ 4GPa�˘ �¨ �Ø�B�À �– �ª �Ì �À �S �ð �m�Û �• �Ø�‰�ß �É �† �ó

�Ì �j �ó �É �æ �Ø�U�fi �“ �� �Ł �Ì �l �ð �· �ƒ �Ø�æ �⁄ �É �¨ �` �‰�� ,�à �µ

�› �˝ �� �e �Ì �g�� �N�ð �· �ƒ �Ø�æ �⁄ �¨ �ó �µ �É �¨ �` �‰�� �É �˝ ,�À �S

�� �u �“ �ì �fi �µ ,�� �[ �^ �d �„ �“ �â �~ �• �Ø�æ �⁄ �É �À �S�˙ �� �É �à �z

�¶ �µ �‰�Ý �v �ð �µ �‰�B

Detail of Detector

/

LL�G
itul%

|

�R|

Fig 6 Detector for Evaluating Fatiguc Life ofThst Ball Bearing

�] �¿�• �Ø�f �[ �^ �˝ ,�V �Ò �‡ �Y�J���Ü �Ì �Y�` �� �� �É �æ �Ø�ß�• ,

�� �C�˝ ,�U �fi �J���‹ �x �ð �˙ �Õ �µ �¨ �“ �ç �s �⁄ �– �˘ �˘ �µ , �‡ �ç �É ,

�l �X�¨ �� �� �ß �ð �fl �ð �� �¯ �ˇ �@�µ ,�À �Û �Ì �@�B�v �f �˘ �µ �˜ �† �ó

�É �^ �ƒ �Ø �g�� �C�{ �� �W�[ �« �\ �ð �] �¿ ,�� �¾ �µ �˜ �¢ �› �\ �Ł �¯ � 

�Ø�B

5.�� �_

�� �‹ �Y�` �Ü �˘ �µ �˜ �| �� �I �[ �� �G�X�e �� (PoE),�W �G�X�e��

(DST)�â �A�¤ �ß�n �G�X�e �� (VOE)�»�� �¤ �¨ �˙ �ð �å �‹ �“ �˘

�µ �‰�˘ �' �Ì �V�Ò �‡ �Y�` �Ü �ð �J �› �µ , �g�� �C�{ �� �W�[ �« �\ �É �y

�Ú �• �e �¿ �ð �» �w�I �ì �p �˘ �À �p �� �– �� �É �æ �Ł�m�F �µ �‰�� �˚ ,�”

�L �Ì �� �_ �“ �¾ �ç �Œ�‰�B

1)�| �� �I �[ �� �G�X�e �� ,�W �F�X�e �� �n �˘ �A�¤ �ß �n �G�X�e �m�C�q
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