
�` �W�Z �p �_ �¶

�« �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 �Ò �‡ �Y �` �Ü (SOD-l Plus)�É �´ �¢ �˜ �g�� �C �{ �� �W�[ �« �\ �É �y �Ú �•

�e �¿ �ð �À �– �I �É �� �¾ �µ �˜ �« �‰�B �¡ �æ,�] �� �Y �` �Ü �Ì �ü �˙ �i �˘ �µ �˜ �V �Ò �‡ �Y�` �Ü (SOD-lPN)�ð �J �› �µ �‰�B �V �Ò �‡ �Y

�` �Ü �˝ �ˇ �� �Õ �« �B�� �� �« �ð �� �ß ,�„ �æ�f �Ì �e �¿ �ð �ó �fl �É �› �¢ �� �S �x �| �� �¿�I �� �t �B�� (PAO)�‹ �“ �ð �t �` �µ �˜ �ß ��

�Û �� �« �\ �ð �ü �ª �‡�„ ,�É �‡ �Ü �˘ �µ �˜ �° �' ,�� �� �ð �` �ƒ �Ø�– �˘ �É �æ �Ł�� �� �ß �� �˜ �¶ �Ì �ł �˚ �ð �� �ß �‰�à �Ì �¯ �  �Ø�B �« �\

�] �¿ �˘ �µ �˜ ,�V �‰�¨ �“ �Ł �@�˝ �] �“ �Ł�† �ó �Ì �Ú �G�˚ �ð �ˇ �@�• �Ø�– �˘ �É �æ �Ł,�e �« �‹ �Ì �� �� (EHL)�ð �� �” �É �¤ �fl �Ø��

�� �ß �Ì �` �« �â �« �ó �É �æ �Ø�‹ �fi �ó �Ô �Ì �Æ�¢ �ð �c �‹ �• �Ø�– �˘ �“ �´ �\ �¯ �  �Ø�B �– �Ì �Ú �G�� �œ�Ì �ˇ �@�� �u �Ì �—�î �˘ �˘ �à �É ,

�À �– �ð �� �¨ �˙ �ð �Ý �Ł �µ �˜ �ˇ �“ �� �˚ �' �ç �† �ó �Ì �ı �‰�] �¿ �Ì �ð �˝ �@�ð �� �¢ �µ �‰�B

�L �[ �� �[ �h:�à �R�@�Ö ,�fi �˝ �‘ �B �� �u =�G�� �W�� �I �C�� ,�M �A�I �C�� ,�Y �` �Ü ,EHL,�g �� �C�{ �� �W�[

In ordcrto l�¡ lprovc thc transition flom boundary lubrication to fluid lllbrication and to ilnproVC lubrication,�A
vcar and friction,

�A�A��e havc dcvc10pcd a proprictary reducing additiVC(S(�l I)�]  l PluS)baSCd On p�B ly01 eStCr,dieSter typC and VCgCtable Oil typC

cstcr c01npound.Rcgarding itS trib010giCal perfOrnlanCC,�´ Ve haVe eXpCrinlentally inVCStigated thC innuenCC thatit excrts.A nc�R v

reducing additive(SOD�] lPN)was devcloped as an improvement On cOnvcntiOnal additivcs.Many ncw rcducing addHves add

high_viscOsity p01yalphaolein(PAO)ingredients,which are resistant to Shear,and also add sullur and zinc as extremc pressure

agcnts to incrcase�A vear resistance and lubricity,inlprovc oil film retention perforlllanCC.’This enhances thc cffect ofrcgcnerating

thc lubricating Oil alm.As a per�¸ rmanCe CValuatiOn,the neW inCaSuFemCnt mCthOd Can Ciarify thC diftrCnCC in�¡ OW StatC due

to the characteristics and propcrtics of lubricants undcr elastohydrOdynamic lubricatiOn(EHL)condition by observing the

cOntact surfacc of thc rolling bearing. In addition to introducing the obscrvation dcvicc of this contact fllln thickncss,

experimental COnditions and OtherS�R VCre Set and thC analysis incthod of liSe eValuation of a bearing�A vas CXanlined fronl thc

obscrvation of results�A

KEY W ()IRLI)Si internal COmbuStiO�¡ engine,pO�MVer train,engine OiI,gear�� 11’eSter�] baSed additiVeS’EIII_�� ,tribology
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1 �Ü �ƒ�“ �«

i�O �ç �' �fi �Ô �Ì �� �« �\ �» �É �` �ƒ �˜ ,�¨ �� �„ �˘ �´ �« ��

�¡ i�O ]�‰ �ß �� �� �ß �Ì �g�� �C �{ �� �W�[ �« �\ �ü �ª �É �˛ �•

:=�æ �¡ �Œ�i �˘ �� �µ �˜ �« �˜ �¢ �Ø�B �–�Œ�ç �Ì �v �� �É �� �ƒ

=�æ
�b �˘ �µ �˜ �G�X�e �� �n �� �‹ �� �� �ß �“ �J �› �‡�Œ�˜ �« �‰

11 �Ü �¾ ,�\ �“ �˘ �˝ �¾ �¢ �ï �¡ �Ø [2H6]�B �– �Ì �G�X�e �� �n

�f�]I�X �� �ß �˝ �L �@�� �b �_ �˘ �A�� �R�[ �� �ð �· �¿ �˘ �µ �˜ �¤

.�¡
:�– �| �� �I �[ �� �G�X �e �� �n �� �‹ �� �� �ß [lH2H3H6]�˝

,

�O�' �O �p �� �� �ß �˘ �µ �˜ �� �Ú �‡ �Œ�˜ �¢ �Ø�B

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

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

1�h :�� �« �“ �˙ �D �¯ �· �ò �“ �U�« �â �¶ �“ �ð �« �ð �L �• �Ø�¨ �˙ �‰

�› �Ì �` �• �ð �L �• �Ø�B �� �Ò �ç �˝ �– �Œ�Ü �¯ �G �� �W�� , �g��

�� �X �~ �b �V �� �� ,�f �t �@�� �� �V �� �� �M�A �¨ �˙ �Ì �' �fi �Ô

�p :|�� �q�� �ß �Ì �Ù �' ,�Y �˘ �p �@�í �¨ �˙ �Ì �� �� ,�� �Õ ,�� �C

�« �\ �¨ �˙ �ð �‡ �ç �É �ü �P �• �Ø�‰�ß ,�˘ �' �É �J �› �µ �‰�Ò �‡

�Y�` �Ü (SOD-1,�¨ �” ,�] �� �i �˘ �Ì �• )�É �´ �¢ �˜ �� �¾ �µ

�˜ �« �‰ 111,121�B

�] �� �i �˝ �L �@�_ �˘ �A�� �R�[ �� �ð �· �¿ �˘ �• �Ø�| �� �I �[

�� �G �X �e �� (POE),2�� �î �_ �G �X �e �� �Ì �W�G�X �e ��

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

�˘ �µ �˜ �¤ �Ł1l H21,�¡ �æ,�] �� �i �Ì �ü �˙ �i �˘ �µ �˜ �V �Ò �‡

�Y �` �Ü (SOD�] lPN,�¨ �” ,�V �Y �` �Ü �˘ �Ì �• )�ð �J �› �µ �‰�B

�– �Œ�Ü �¯ �Ì �� �Ò �ç �Ì �⁄ �� �É �¤ �¢ �˜ ,�] �� �i �ð �Y�` �•

�Ø�– �˘ �¯ �† �ó �Ì �ı �‰�� �• �ł �˚ �˘ ,�† �ó �Ú �G�˚ �É �‘ �‹ �‡

�Œ�Ø�ß �� �œ�‡ �Ì �ª �‚ �˝ �m�F �‡�Œ�‰�B �µ �' �µ �¨ �“ �ç �� �‹

�� �� �ß �Ì �S �x �à �ª �‚ �µ �˜ �¤ �Ł,�Ú �G�˚ �É �‘ �‹ �‡�Œ�Ø�ß

�� �œ�‡ �ª �‚ �˝ ,�Y �` �Ü �‹ �“ �Ì �ł �˚ �' ,�S �x �ª �‚ �É �N �ö

�• �Ø�à �Ì �' �� �Ø �“ �K �v �¯ �  �` �‰�B

�{ �æ�¯ �˝ ,�] �� �i �É �˛ �µ �˜ �Æ�S �x �» �‡ �Œ�‰�V �Y �` �Ü

�É �¤ �¢ �˜ ,�† �ó �Ì �ı �‰�� �• �É �^ �ƒ �Ø�ł �˚ �˘ ,�† �ó �Ú �G

�˚ �É �‘ �‹ �‡ �Œ�Ø�ß �� �« �ó �É �´ �¢ �˜ �…�Ú �ˇ �“ �µ ,�V �Y�`

�Ü �Ì �‹ �“ �“ �g�� �C �{ �� �W�[ �« �\ �Ì �ü �ª �É �^ �ƒ �Ø�ł �˚ �É

�´ �¢ �˜ �� �Ø �µ �‰�Ì �¯ �æ�� �• �Ø�B

2.�V �Ò �‡ �Y�` �Ü (SOD-lPN)�É �´ �¢ �˜

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

�� �b �W�Ì �R�� �^ �~�i �� �g�Þ �¨ �˙ �Ì �� �Œ�Ì �� �˝ ,�� �Ô �Ì

�o �ß �É �” �¢ �ˇ �w �µ ,�g �� �C �{ �� �W�[ �« �\ (�� �� ,�� �Õ ,

�� �C ):�– �« �e �¿ �ð �^ �ƒ �˜ �¢ �Ø�B �] �� �i �˝ �� �� �ì �p �ð �µ

�¨ �“ �ç �� �� �D�fi �� �Ì �R�� �^ �~�i �� �g�Þ �ð �· �ò ,�“ �ð ,

�� �� �µ ,�¯ �� �Ì �� �� �˚ (�à �fi �` �H �˚ )�ð �˜ �¶ ,�Ò �‡ �µ ,

�K �Ø �¨ �I �C�� �N �� �A �� �� �X �ð �Û �� �• �Ø�B �– �Œ�É �æ �Ł��

�Õ ,�� �C�„ �‚ �ð �å �� �É �Æ�‚ �µ �� �� �« �ð �ü �P �¯ �« �Ø�˘ �'

�ì �p �¯ �  �Ø�B

�‡ �˜ ,�] �� �i �Ì �` �¥ �ð �Û �� �‡�„ �¨ �“ �ç �Æ�S �x �» �ð �}

�Ł,�ˇ �� �Õ �« ,�� �� �« �Ì �ü �ª �ð �À �» �‡�„ �‰�à �Ì �“ �V �Y

�` �Ü �¯ �  �Ø�B �} 1�É �V �Y�` �Ü �Ì �…�à �} �ð �ƒ �• �B

�T :�X �� �z �� �c �J �� �� �E�� ��

Ø[�{:�� �—�x �� �‹ �{ �� �} �[ (PAC)

0:11�� i�ª �˜!i(S,Zn)

�} 1 �V �Y �` �Ü �Ì �� �J �j �Y �� �…�à �}

�V �Y �` �Ü �˝ �ˇ �� �Õ �« �E �� �� �« �ð �� �ß �Ø�‰�ß �X�� �z ��

�_ �J �� �V �E�� �� �É �Ü �Ü �Œ�Ø�Y �_ �J �� �V �E�� �Ì �\ �¢ �ð �ˇ

�X �µ �˜ �¢ �Ø�B �Ü �‰,�S �x �w�� �ð �p �� �Û �� �‡�„ �Ø�‰�ß ��

�f �Ì �e �¿ �ð �ó �fl �É �› �¢ �� �S �x PAO�‹�“ �ð �` �ƒ �˜ �¢ �Ø�B

�– �Œ�É �æ �Ł�à �fi �\ �˚ �É �X �[ �p �[ �I �C�� �t �B�� �� �˘ �Ì �•

PAO�‹�“ �Ì �– �q �“ �ß �� �ð �Û �� �• �Ø�B�˜ �t �h �~ �˘ �� �� ��

�˜ �¶ �ð �l �¶ �µ �˜ ,�É �‡ �Ü (�° �' ,�� �� )�ð �` �ƒ �˜ �í �• �' �ç

�� �• �Ü �¯ �L �˝ �˝ �Ì �• �x �Ì �æ �¯ �˜ �¶ �ł �˚ �ð �› �ö �¯ �« �Ø�æ

�⁄ �É �Ý �v �ð �ˇ �X �µ �˜ �¢ �Ø�B �@�B �Ì �n �fi �� �É �˝ �D�fi �� �Ì

�ß �� �“ �� �„ �µ �« �E �� �� �˘ �¨ �Ł,�� �� �C ,�� �� �Õ �“ �¶ �¶

�â �• �¢ �B �ª �lt�Û �µ �‰�X�[ �p �[ �I �C�� �t �B�� �� �˘ �˜ �¶ �ł �˚

�É �æ �` �˜ �« �E �� �� �' �ç �‹ �Ì �� �� �É �Ú �s �• �Ø�– �˘ �¯ ,��

�C�E�� �Õ �ð �Æ�‚ �‡�„ �Ø�ì �p �ð �› �ö �• �Ø�˘ �z �Ł �µ �˜ �¢ �Ø�B

�– �Œ�ç �Ì �ł �˚ �ð �` �ƒ �Ø�– �˘ �¯ �i �i �Ì �« �\ �ü �P �ð �¾ �‰�B

�] �� �i �˘ �V �Y�` �Ü �Ì �» �w�I �¤ �« �Ì �ä �r �ð �\ 1�É �ƒ �• �B

ä� �˝    �ı �]�J

�\ 1�] �� �i (SOD�] 1)�˘ �V �Y�` �Ü (SOD4PN)�y�Ñ �� �‹ �� �� �ß �Ì �» �w�I �¤ �«

�� �– �ß
�] �� �i

(SOD�E1)

�V �Y �` �Ü

(SOD-lPN)

�G�� �W�� �ß

(5W�] 30)

�G�� �W�� �ß

+�V �Y �` �Ü

(10V�B 1%)

�M7�ß

(VG320)

�M�A�ß

�L �V �Y �` �Ü

(10VOl%)

�fi �S �x  40�� Cm:n2/s

100�� C mm2�‰

610 132.3 57.7 59‘2 324 288

92.4 19,9 9_85 10.8 23.9 23.8

�S �x �w�� 243 173 157 176 94 103

(86) J.SOPE Japan,Viol.31 No.4(2020)
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3.�] �� �i ,�V �Y�` �Ü �ð �p �¢ �‰�† �ó �ı �‰�] �¿

3.1 �† �ó �ı �‰�] �¿ �Ì �ß �@

�V �Y �` �Ü �“ �† �ó �É �^ �ƒ �Ø�ı �‰�� �• �ł �˚ �É �´ �¢ �˜ �} 2

�É �ƒ �• �ı �‰�] �¿ �� �– �@�ð �p �¢ �˜ �ı �‰�� �– �ð �s �` �‰�B

�� �– �—�˝ �X �� �X �g�˚ �† �ó 51104(�O�a 35mm,�à �a 20m,

�� �‡ lomm,�˚ �a 5.56mm)�ð ,�˚ �‡ �ð �� �ß �Ø�‰�ß �É �] �fi

�Ì �� �ð 13�´ �' �ç 3�´ �É �‚ �¶ ,�ß �� �� �à �É �Ý �u �µ ,�‡ �k

�o �l �É �æ �� �X �� �X �g�× �d 4.4kN(�¯ �å �w�� �c �Ú �G�‡ �˝

4GPa)�ð �^ �ƒ �˜ �¢ �Ø�B�� �[ �^ �É �æ �Ł�† �ó �O�A (�ª �A )�ð

�æ�] �‡�„ ,�à �A (�” �Ö )�ð �¯ �Ł �µ �˜ �¢ �Ø�B �† �æ�] �‹ �x �˝

looo,m�˘ �µ �‰�B �‰�¾ �µ ,�� �– �ß �Ì �S �x �“ �Æ�› �ß �� ��

�' �ç �ò �U�• �Ø�Œ�� �˝ 750�Æm�É �Ý �Ł �µ �‰�B �� �C �˝ �˝ �æ

�] �É �æ �Ø �g�� �N�ð �v �“ �• �Ø�– �˘ �¯ �c �‹ �• �Ø�B

�� �_ �ı �‰�� �Ô �˝ Lundberg�] PalmgrCn�Ì �ı �‰�� �_ �É �î

�ˆ �› ,�ı �‰�˘ �‰�ˇ �] �fi �Ì �× �d �Ì �Ö �W�Ì �fi �æ �Ł�Z �o �µ �˜

�¢ �Ø1�œ2�l �B �� �_ �ı �‰�� �Ô �˙ �˘�˝ �æ�] �‹ �x �“ lo00"m�Ì

�Œ�� 11.38�� �Ô ,750rpm�Ì �Œ�� 15.14�� �Ô �¯ �  �Ø�B

�† �ó �Ì �j �ó �É �æ �Ø�U �fi �Ü �‰�˝ �æ�] �g�� �N�“ ,�� �Ł �l

�ð �· �ß �µ �‰�Œ�� �É �˝ �� �[ �^ �“ �â �~ �µ �� �– �fi �„ �˘ �¨ �Ø�B

�� �o �í �Ì �Ú �× �� �o �í

�} 2�X �� �X �g�˚ �† �ó �ı �‰�] �¿ �� �– �@�Ì �\ �‹

3.2 �† �ó �ı �‰�] �¿ �� �– �Ì �� �˚

�G�� �W�� �ß (5W�] 30)�˘ �M�A�ß (VG320)�ð �î �� �ß �˘ �µ ,�]

�� �i ,�V �Y�` �Ü �ð lovol%�Y �` �µ �‰�Œ�� �Ì �ı �‰�� �– �� �˚

�ð �} 3�˘ �} 4�É �ƒ �• �B�c �† �˝ �Ý �ˇ �j �„ �ƒ ��%,�¡ �† �˝ �À

�Û �Ì �Ò �› �� �Ô L�˘ �� �_ �ı �‰�� �Ô �Ü � �̆Ì �‡ �� �‡ �ä �¯ �  �Ø�B

5W�] 30�˘ VG320�É �V �Y�` �Ü �ð 10vol%�Y�` �µ �‰�Œ

�� ,�¯ �å �^ �] �� �Ô �˝ �� �_ �ı �‰�� �Ô �É �˛ �µ 25.4�{ �˘ 36.7

�{ ,�î �� �ß �É �˛ �µ �˜ �˝ 4.6�{ �˘ 14.5�{ �Ì �ı �‰�� �• �ð �ƒ
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4.�† �ó �Ú �G�˚ �É �¤ �fl �Ø�‹ �fi �ó �Ô �Ì �ˇ �“

4.1 �† �ó �Ú �G�˚ �‹ �fi �ó �Ô �ˇ �“ �R �� �Z �v �g

�V �Y�` �Ü �Ì �« �\ �ü �ª �É �Ö �• �Ø�g�� �C�{ �� �W�J �� �¨ �� �J �j

�Y�� �ð �ð �¾ �• �Ø�‰�ß ,�Ú �G�˚ �É �¤ �fl �Ø�‹ �fi �ó �Ô �ð �} 5�É �ƒ

�• �ˇ �“ �� �u �É �æ �Ł�…�Ú �I �É �ˇ �@�• �Ø�B

�{ �� �u �˝ �X �� �X �g�� �† �ó �Ì �ª �A �˘ �§ �¾ �¨ �I �v �e �B�J

�� �K �� �X �É �u �« �• �ƒ ,�– �Ì �” �˚ �É �] �fi �Ì �˘ �¨ �Ø�| �� �˘

�ß �� �� �ð �Ý �u �µ ,�…�Ú �Ú �G�˚ �É �‘ �‹ �‡ �Œ�Ø�ß �� �ð �ˇ �@

�• �Ø�d �g �Ý �˘ �¨ �` �˜ �¢ �Ø�B�Ú �G�˚ �É �‘ �‹ �‡�Œ�Ø�ß �� �˝ ,

�] �fi �Ì �“ �ˆ �~ �� �É �˝ �fl �S �~ �‘ �Ì �– �´ �¨ �ð �ƒ �µ ,�æ �] �ð

�^ �ƒ �Ø�– �˘ �É �æ �Ł�‹ �Œ�Ì �ü �Ł �ß�⁄ �É �J �¢ �‰�‘ �ó �Ì �n �ß

�‘ �ð �æ �• �Ø�‘ �ó �É �ˇ �» �• �Ø�B �} 5�É �ƒ �• �¨ �� �� �ð �ˇ �“

�• �Ø�– �˘ �É �æ �Ł�ß �� �œ�‡ �ð �� �ß �Ø�– �˘ �“ �¯ �« �Ø�B
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4.2 �ˇ �“ �ß �@�y �Ñ �ß �� �œ�‡ �Ì �Z �o
�Ú �G�˚ �Ì �ˇ �“ �˝ ,�} 6�É �ƒ �• �ı �– �´ �@�ð �p �¢ �Ø�– �˘

�¯ �…�Ú �ˇ �@�• �Ø�– �˘ �“ �´ �\ �¯ �  �Ø�B

Cr�ö �� �˚
��

A�A  1  �� :�ı  : E
�R1: ��:9�� �–1/

h�u�\ �fi �£�ò �¡)�� Æ„�å
�ö �´

=/~T~�T
�¡

~
/           1           �R

/           :           �R
:                        1

A,F:�ı �Ì �ü �¸   B,E:�ı �Ì �‰�¸

�} 6 �ı �– �´ �@�É �æ �Ø�� �œ�“ �Ł �T �v

�– �– �¯ ,�ß �� �œ�‡ �Ý �˝ �fi (1)�¯ �^ �ƒ �ç �Œ�Ø�B

�ß �� �œ�‡ : �˝ =�� 1[m]      �E�E�E�E�E�E�E�E�B(1)
Z�� 2

��,:�¨ �� ��  �É :�X �g�� �{ �g �• [m]�� :�� �– �ß �Ì �ü �Ü �ƒ

4.3 �ß �� �œ �‡ �Ì �� �_ �l �Z �o

�ß �� �œ�‡ �Ì �� �_ �l �Z �o �É �¤ �¢ �˜ �˝ ,�e �« �‹ �Ì �� ��

(EHL)�� �_ �É �î �ˆ �¢ �˜ �Z �o �• �Ø17]�j �B

�} 7�É �ƒ �• DowsOn_HigginsOn�É �æ �Ø�æ�~�� �Ì �] �“

�Ł�Ú �G�Ì �Œ�� �� �C �m�� �Y�ß �ö �fi �˝ ,�‡ �À �� �Ì �Œ��

�ß�� �œ�‡ �˝ �˘ �� �� �ß�� �œ�‡ � �̋˙�Ì �Ö �W�fi �˝

�‰3=��
=6�¯ (�� +�y ��2)(�� �~���)̂  �c�c ...(2)

EHL�É �¤ �fl �Ø�� �‡ �S �x �¯ �Ì �fi

�¯ =�× �Y��

(3)

�e �« �ˇ �‘ �ð �l �¶ �µ �‰�¯ �‹ �ß �� �œ�‡ �Ý
",��

�Ì �fi

�Œ’�ß =�� ��~�• +�� �çP(S)1�� g�Ô ��S�O�Ô+�E���¤�N�E�E�c �B
(4)

�fi (2),(3),(4)�ð �A �§ �É �ð �› �˘ �‡ �� �‡ �\ �ƒ �˝

‘�u

1�ó I=1�` �� �\�V
J�fl

�\�¡4~T�\
(5)

�– �Ì �æ �⁄ �É �µ �˜ �� �œ�“ �� �� :�� ,�† Œ��ƒ.�Ø �Ü�¾ ��,N2,

�� 3�ð �p �� �� �[ �^ �˘ �µ �˜ �� �ß �ç �Œ,�Ô �ß æx �Ł �˚ �u �¯ �Ì �W

�Ì �l ,�Æ �ƒ �˛ x=�˘ �¯ �Ì �‰�s �� �T �œ�w �“ �• �Ü �Ø�Ì �¯ ,

�� =�‡ (�WL�� 2)        �E�c �c �E�E�B(3)

�ª �L �Ì �Ö �� �Ö �W�“ �¾ �ç �Œ�Ø�B �– �Ì �æ �⁄ �¨ �Ł �@�¯

DowsOn�\H�¡ gginson�˝ ,�� �œ �V �Ì �fi �ð �� �� �ß �‰�B

�� =2.65G054�Ñ07�� �\o13         ......�B
�E�B

(9)

�\ 2�É �fi (2)�' �ç (9)�Ì �ˇ �� ,�Ł �‘ �fi �ð �ƒ �• �B
�\ 2 �Ì EHL�É �¤ �fl �Ø�‡ �� �‡ �\ �ƒ

�´ �� �» �� �u �¯ �˝ ,�� �˘ �‰�˚ �Ô �Ì �_ �Ú �G �˘ �¨ �Ł,�] �“

�Ł�† �É �‰�s �¨ �ß �ü �Ö �Ì �� �œ�ˇ �» �¾ �fl �¯ �¨ �› ,�L �ł �¨ ��

�× �Ì �æ �“ �~ �‘ �ó �É �¨ �Ø�BHam�¡ock�] DowsOn�“�ƒ �µ �‰,�]
�“ �Ł�† �É �‰�s �¨ �‹ �Œ�˘ �p �� �� �[ �^ �ˇ �» �ð �l �¶ �µ �¨ �~ �‘

�Ì �æ �É �¤ �fl �Ø�� �S�� �œ�� ,�¯ �‹ �� �œ�„ :"�Ì �fi �“ �˝ ,

�‡ �ç �É ,�T
=�d

�¤�Ü �� �˝ �x �E�ï �Ý

�W=�ç HªY��

��4=�� =4.31�Ò
Q68604�A�O_oo�t 3(1_�Y 123�‰

)�B �c�B(10)

��
=�N =�ð �O�æ=3.68�µ �ˇ686049�� -00’�´

1_�˘
-067�X

)..�B (11)‘�g
1l  R             �M     �m

�˘ �¨ �Ł ,�fi (lo),(11)�' �ç �� �_ �l �œ�ð �Z �o �• �Ø�B

(7)

�W=�Wl+�T l’�fi Obg�Ô �E�ł +�g�w�� �c�c�c(6)

�fi (5),(6)�ð �A �§ �µ ,�} 8�¯ �ƒ �• �æ �⁄ �¨ �Ú �G�˚ �Ì

�ü �ß�E �o �ß�⁄ �Ì �‡ �˝ �“ �[ �� ,�o �ß�⁄ �¯ �˝ �� �C �m�� �Y �Ì

�« �E �ð �� �ð �� �• �æ �⁄ �É �ð �fl �˛ ,�ˇ �“ �Ł �� N�� ,�“ �Ł �Ü �Ø

��
=�˛4

��

�L

�‚
�Œ�S

�Ý
�g

��:

�} 7�æ�~ �� �Ì �] �“ �A �G  �} 8 EHL�É �¤ �fl �Ø�u �[ �X�g�æ

�˘ �Ú �G�æ �y �Ñ �‡ �˝ �“ �z

(88)

�L �� �P �˚

ifi t: xz6fto*4*fi
R.��

yz�˚ �à �Ì �¨ �ƒ �…�a �× ��
�˚ 2:xz�˚ �à �Ì �¨ �ƒ �…�a �ò �Ô2

�� �� �˚ �‘ �ó

yz�˚ �à �Ì �¨ �ƒ �…�a R)2

�˚ 1:�c �e �« �W�� F Pa

�| �A �m �� �ä ��

�˚ 2: �c �e �« �W�� �� Pa

�� �� �˚ �Þ �¿

�| �A �m �� �ä

"�å �C�‡ �” �Ì �S �x �� �˝ Pa�E s�� �� �ß

�S �x �‡ �˝ �W�� (�� )
Pa l

�˚ 1�Ì �‹ �x �  n/s
�˚ 2�Ì �‹ �x �¶

�× �d W �R

�ì �fi �ð ��

�‡ �J �m Pa
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�| �c ,�¢ �i ,�Ø �¸ ,�n ç† ,�� �c :�e �« �‹ �Ì �� �� �ð �� �” �É �¤ �fl �Ø�V�Ò �‡ �Y�` �Ü (SOD_lPN)�Ì �� �fi �É �' �' �í �Ø�l �@  5

4.4 �À �– �ð ��

�´ �� �» �� �u �Ì �ˇ �“ �˚ �˝ �…�a 45mm,�œ�‡ 5mm�Ì�I �v

�e �B �J �� �t �� �b �g (�| �A �\ �� �ä :�¸ =0.25,�c �e �« �W

�� �uF=63.7GPa,�e �‡ 5.6mm)�ð �g �p �• �Ø�B �| �� �˝ �…�a

23.8mm(�| �A �\ �� �ä :�¸ =0.3,�c �e �« �W�� :E=208GPa,

�e �‡ 6.lmm).�] �fi �Ì �Ì �Ú �G�× �d �˝ 19.6N,�¯ �å �w�� �c

�‡ �˝ 0.3GPa,�Ú �G �~ �…�a �˝ 0.30mm,�� �– �ß �Ì �ü �Ü �ƒ

�˝ 1.5�¯ �  �Ø�B

�ª �� �æ �Ł�� �ı �• �Ø�– �˘ �¯ �» �Œ�Ø�– �´ �¨ �ð �ˇ �@�µ ,�fi

(1)�' �ç �ß �� �œ�‡ :�Ý [m]�ð ,�fi (11)�' �ç �� �_ �� �œ�ð

�» �Œ�…�Œ�Z �o �• �Ø�B

4.5 �ˇ �“ �� �˚

�À �– �¯ �˝ �G�� �W�� �ß (5W�] 30)�˘ �M�A �ß (VG320)�ð �î

�� �ß �˘ �µ ,�î �� �ß �Ì �Ý �˘ �î �� �ß �É �] �� �i ,�V �Y �` �Ü �ð

10voM�Y�` �µ ,�» �Œ�…�Œ�Ì �� �– �ß �• 40�� C�É �˜ �ä �r �ˇ �@

�µ �‰�B �} 9�É �ˇ �“ �˚ �^ �ð �ƒ �• �B �Ü �‰�ü �‹ �ð �ˇ �» �‡�„ �¨

�“ �ç �ß �� �œ�‡ �ð �“ �Ł �µ ,�ß �� �œ�‡ �ð �‡ �� �‡ �� �œ�¯ �] �¿

�µ �‰�B �» �Ì �� �˚ �ð �} 10�˘ �} 11�É �ƒ �• �B �c �† �“ �‡ �� �‡

�� �œ�¯ ,�¡ �† �˝ �‡ �� �‡ �‹ �x �p �� �� �[ �^ �¯ �  �Ø�B �} �� �Ì

�c �ü �˝ �] �¿ �• �Ø�‰�ß �É �ü �‹ 0.52m/s�É �¤ �fl �Ø�‡ �� �‡ �‹

�x �p �� �� �[ �^ �Ì �l �¯ �  �Ø�B

�G �� �W�� �ß (5W�] 30)�É �¤ �fl �Ø�‡ �� �‡ �� �œ�˝ �} 10�É

�ƒ �• �æ �⁄ �É ,�‡ �� �‡ �‹ �x �p �� �� �[ �^ 2.91X10�E 1�É �˜ �î

�� �ß �É �˛ �µ �˜ �] �� �i �ð �Y �` �µ �‰�Œ�� 1.17�{ ,�V �Y�` �Ü

�Ì �Œ�� 1.32�{ �ð �ƒ �µ �‰�B

�M�A�ß (VG320)�É �¤ �fl �Ø�‡ �� �‡ �� �œ�˝ �} 11�É �ƒ �•

�æ �⁄ �É ,�‡ �� �‡ �‹ �x �p �� �� �[ �^ 5.80X10�E
1�É �˜ �] �¿ �µ

�‰�˘ �– �º �î �� �ß �É �˛ �µ �˜ �] �� �i �ð �Y �` �µ �‰�Œ�� 1�¡ 0

�{ ,�V �Y �` �Ü �Ì �Œ�� 1.30�{ �ð �ƒ �µ �‰�B

5�RV�¡ 30 5W�]30+SOD�]1 5W�]30+SOD�]lPN

VG320+SOD�]1 VG320+SOD�]lPN

�} 9 �G �� �W�� �ß (40�� C),�M �A �ß (40�� C)

�æ�] �� �Ì �– �´ �¨ �ˇ �“ �˚ �^

�‡ �� �‡ �‹ �x �o �� �� �[ �^

�} 10 �G�� �W�� �ß (5W�] 30)�Ì �‡ �� �‡ �� �œ�] �¿

10�‘�E

æä
Ø[
IR
�Ô
�[

10-5

10-�¡ 2 10~�¡ 1       10~�� �B

�‡ �� �‡ �‹ �x �o �� �� �[ �^

�} 11 �M�A �ß (VG320)�Ì �‡ �� �‡ �� �œ�] �¿

5.�� �_

�V �Y�` �Ü (SOD�] lPN)�“ �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)�G �� �W�� �ß (5W�] 30)�˘ �M�A �ß (VG320)�É �V �Y�`

�Ü �ð 10vol%�Y�` �µ �‰�Œ�� ,�¯ �å �^ �] �� �Ô �˝ �� �_ �ı �‰

�� �Ô �É �˛ �µ �˜ �˝ 25.4�{ �˘ 36.7�{ ,�î �� �ß �É �˛ �µ �˜

�˝ 4.6�{ �˘ 14.5�{ �ð �ƒ �µ �‰�B �– �Ì �� �À �' �ç ,�V �Y�`

�Ü �˝ �° �� �¨ �ı �‰�� �• �ł �˚ �“ �œ�Ò �¯ �« �Ø�B

2)�‡ �� �‡ �� �œ�É �´ �¢ �˜ �G �� �W�� �ß (5W�] 30)�É �] �� �i �ð

�Y �` �µ �‰�Œ�� 1�¡ 7�{ ,�V �Y�` �Ü �ð �Y�` �µ �‰�Œ�� 1.32

�{ ,�M �A �ß (VG320)�É �] �� �i �ð �Y�` �µ �‰�Œ�� 1.10
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