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ABSTRACT  
Dry hard turning is a more beneficial practical process compared to a grinding 

operation, according to recent studies، hard turning increases quality, reduces cost and 
lead-time for machined parts. In this study, effects of workpiece hardness, feed rate, 
depth of cut and cutting speed on surface roughness were studied using chamfered and 
honed CBN inserts. Effects of machining conditions on surface roughness in finish 
hard turning of AISI D2 tool steel are investigated experimentally and analytically. 
Four factors (hardness, depth of cut, feed rate and cutting speed) were considered and 
two level fractional experiments were conducted and analysis of the variance was 
performed by using MINITAB Software. Furthermore the effects of grinding of heat 
treated AISI D2 specimens on surface roughness were conducted and a comparison 
took place with hard turning.  

Due to wear rate being considered an important factor affecting workpiece life 
(cutting tools, dies, punches, and molds) the block-on-ring wear test was used to 
evaluate machined parts and the effect of surface roughness on wear resistance was 
investigated and plotted. 
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@ óÏ@szjÛa@
nÈí@sîy@ L|Ûa@ ñ†ìu@óÜÇ@ b›ía@ ‡ànÈm@ bèäØÛë@ æ‡È¾a@™aì‚@óÜÇ@ÁÔÏ@pbîäÔm
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bèÔîjm@¶g@æìÈí@µîäÐÛa@ ÝÈ¤@�Ûa@ bía¾a@åß@‡í‡ÈÛa@ ‹Ïìm@¶ëþa@ òÔí‹Ûa@æg@åß@ ê‹Ïìm@ b¾@

‡èuë@oÓë@N@éãþ@òí‡îÜÔnÛa@püa@âa‡ƒnbi@b–ì—‚@õï“Ûa@Èi@bjÈ–@æìØí@òîäÔnÛa@ê‰ç@Õîjmë
lìb¨bi@ òª
¾a@ püa@ óÜÇ@ éÔîjm@ æìØí@ sîy@ òîÛbÇ@ oîjrm@ ñìÓë@ òîÛbÇ@ òÇ‹@ ¶g@ xbn± 

)CNC (òîÛbÈÏ@‹r×c [6-1].  
—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@‹qdnm@ña†di@ÕÜÈní@bß@bèäß@ÝßaìÇ@ñ‡Èi@ñ‡Ü

@óÜÇ@‹qûí@ÙÛˆ@ÝØÏ@LòäîÈÛa@oîjrm@òÔí‹ @ëc@òß‡ƒn¾a@òÛa@ëc@bèÜîÌ“m@†a‹¾a@âb©a@ñ†b¾a@ëc@ÉÔÛa
òÏbä¾a@‹–bäÇ@áçc@åß@
nÈm@�Ûaë@†bÈiþa@òÓ†ë@|Ûa@ñ†ìu [9-7].  

kÈØ¾a@ æëŠìjÛa@ ‡í	îã@ åß@ áÔÛ@ ÉÔÛa@ ña†c@ â‡ƒnm) CBN (À@ ñ†bÇ @ïzÛa@ õbèãa
@ñŠa‹¨a@pbuŠ†@À@bènãbnß@óÜÇ@ÅÏb¥@bèãc@bèäß@paŠbjnÇa@ñ‡ÈÛ@ÙÛˆë@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi

ÜÇ@ a�r×@ ‡Çbí@ b¿@ ‘b¾a@ ¶g@ òjí‹Ó@ a‡u@ òîÛbÇ@ ñ†ý–@ paˆ@ 
nÈm@ òîÛbÈÛaó@æ†bÈ¾a@ ÝîÌ“m@
ñ‡Ü—Ûa [12-10] ،ÝØ“Ûaë) 1 (íµjñ‡Ü—Ûa@ò a‹©a@òîäÔnÛ@ïzîšìm@áŠ@.  

 
‚‚‚‚@òäîÈÛa@æ‡Èß@™aì@òäîÈÛa@æ‡Èß@™aì@òäîÈÛa@æ‡Èß@™aì@òäîÈÛa@æ‡Èß@™aìIIIIñ†ý—Ûañ†ý—Ûañ†ý—Ûañ†ý—ÛaHHHH@ @@ @@ @@ @

@ÑöbÃë@ À@ ‹qûm@ �Ûa@ ™aì©a@ áçc@ åß@ ÝîØ“nÛaë@ óÜjÜÛ@ æ‡È¾a@ òßëbÔßë@ ñ†ý—Ûa@ 
nÈm
@LòîÛbÇ@|@òßìÈã@óÜÇ@a�r×@‡ànÈm@�Ûa@òîØnýjÛaë@òîã‡È¾a@kÛaìÔÛa@xbnãg@À@b–ì—‚ë@|Ûa

ë@ LÝîÌ“nÛa@Òë‹Ã@sîy@åß@ÑÜn¦@ñ‡Ü—Ûa@æ†bÈ¾a@ÝîÌ“m@éÔí‹ @æbÏ@ÙÛ‰Û@òßìÈã@óÜÇ@Þì—zÜÛ
bjbäß@aŠbîn‚a@ÉÔÛa@ÕàÇë@òí‰ÌnÛa@Þ‡Èßë@ÉÔÛa@òÇ‹@Šbîn‚a@k°@òîÛbÇ@|@ñ†ìuëN  

@Õib@s¢@À@‘Š†[15-13]@ò a‹©a@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@óÜÇ@‹qûm@�Ûa@ÝßaìÈÛa@
†‡ÈÛa@kÜ—Û@|Ûa@òãì“‚@p†aŒ@ñ†ý—Ûa@p†aŒ@bàÜ×@éãa@wnäna@sîy@ñ‡Ü—Ûa (AISI H13) @bà×

bèm‡×còÔib@tì¢@  [19-16] @p‹èÃcŠbqcîjÜ@ò|Ûa@ ñ†ìuë@ÑöbÃë@óÜÇ@òîÛbÈÛa@ ñ†ý—ÜÛ@ 
ÉÔÛa@êa†þ@óÜjÛa@òßëbÔß@ÙÛ‰×ëN@ @

  

ÉÔÛa@ña†cÉÔÛa@ña†cÉÔÛa@ña†cÉÔÛa@ña†c@ @
ïàm@ ñ†bß@åß@ ÉÔÛa@ ña†c@ovnãc) Cubic Boron Nitride) (CBN  (@òîÇbä–@ ñ†bß@ïçë

ýÇ@ïèÏ@ñ�r×@paî¿@b�@pa‡îi‹ØÛa@Òa‹ a@óÏ@ázÜm@òîÛbÇ@ñ†ý–ë@òãbnß@paˆ@ bèãì×@åÇ@ñë
òîÛbÈÛa@ ñŠa‹¨a@pbuŠ†@Ýà¥@óÜÇë@Ý×fnÛa@ òßëbÔß@óÜÇ@ñŠ‡ÔÛa@ b�@æbÏ) °1300C (@Šbèäm@æc@ÝjÓ

‡í
nÛa@Ýöaì@âa‡ƒna@åß@‡±@b¿.@sîy@òiaŠ@ñ†bß@òaìi@paŠìÜi@ÝØ’@À@ña†þa@ê‰ç@Éä—m@
ñŠa‹y@òuŠ†@‡äÇ@ÁîÜ©a@Éšìí )C°1446 (bÈí@ÁÌš@o¥Þ† Psi 947.340  .@òäîÈß@òîäßŒ@ñ	ÐÛ

lìÜ¾a@ï‡ä�a@ÝØ“Ûa@ky@ÉÔÛa@õbäqc@ÁÌ›Ûa@ñìÓ@Ýàznmë@ñ‡Ü–ë@òäînß@áÔÛ@ÙÛˆ@åÇ@wnäíëN 
@óÜÇ@pa†bèuüa@î×‹m@åß@†aŒ@�j×@ÉÔÛa@òÏby@‹Ó@Ñ—ã@æb×@bàÜ×@éãc@òÔib@òaŠ†@óÏ@wnänc

õb›îjÛa@pbÔjÛa@ŠìèÄÛ@ò–‹Ï@óÇcë@|Ûa) (White Layers |Ûa@óÜÇ  Theil [20] ،@óÏë
@|Ûa@ñ†ìu@óÜÇ@ÞbÈÏ@�qdm@éÛ@ÉÔÛa@ña†þ@ï‡ä�a@ÝØ“Ûa@æc@òaŠ‡Ûa@ê‰ç@onjqc@@ô‹‚a@òaŠ†

wmbäÛa [21]، âbÓ@ bà×  Qzel [23]@ni@‹–bäÈÛa@òÔí‹ @âa‡ƒnbi@ÉÔÛa@ ña†c@óÜÇ@pa†bèuüa@ÝîÜz
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òîçbän¾a) Finite element( ،‘Š†@ bà× Choy [22] qdmòjã@ �) CBN (@õbäqc@ áÔÜÛa@ Ý×dm@ óÜÇ
ÉÔÛa@ña†c@óÜÇ@æ‡È¾a@À@pa‡îi‹ØÛa@òjã@�qdm@ÙÛ‰×ë@ÝîÌ“nÛaN@ @

  
ÝîÌ“nÛa@Òë‹ÃÝîÌ“nÛa@Òë‹ÃÝîÌ“nÛa@Òë‹ÃÝîÌ“nÛa@Òë‹Ã  

@ sîygòÈÐm‹ß@ @ æ‡È¾a@ ñ†ý–@ æ )50-65HRC@ H@âa‡ƒnbi@ ïzÛa@ õbèãa@ pbîäÔm@ À
äqc@òîbÔÛa@Òë‹ÄÛa@òvînã@ÉÔÛa@ña†c@õa†c@óÜÇ@‹qûí@b¿@a‰ç@@ñ‡Ü—Ûa@ò a‹©a@ô‰Ûaë@ÝîÌ“nÛa@õb

Û‰×ë@ ém†ý–ë@ÝÌ“¾a@æ‡È¾a@™aì‚@ bèäß@ ÝßaìÇ@óÜÇ@‡ànÈíÙ@òÇ‹@Ýrß@ ÝîÌ“nÛa@Òë‹Ã@óÜÇ@
@pa�qdnÛa@ åß@ ‡zÜÛ@ Òb§a@ óÜÇ@ ÝîÌ“nÛa@ òÛby@ À@ b–ì—‚@ ÉÔÛa@ ÕàÇë@ òí‰ÌnÛa@ Þ‡Èßë@ ÉÔÛa

ìË‹ß@�ÌÛa@‡í
nÛa@ÝöaìÛ@òîjãb§albî÷îië@bîäÔm@bèîÏ@N  
c@ òîÜàÇ@pbÔîjm@À@‡uë@ñ†ìu@óÜÇ@ÞbÈÏ@�qdm@ b�@ÉÔÛa@ÕàÇë@òí‰ÌnÛa@Þ‡Èßë@ÉÔÛa@ òÇ‹@æ

ÉÔÛa@ña†c@‹àÇ@óÜÇ@	×a@‹qûmë@ñ‡Ü—Ûa@æ†bÈ¾a@ÝîÌ“m@‡äÇ@|Ûa) Tool life (sîy @bàÜ×@éãa@‡uë
ñ‡ÈÛa@kÜ–@âa‡ƒna@‡äÇ@òãì“©a@p†aŒ@òí‰ÌnÛa@Þ‡Èßë@ÉÔÛa@òÇ‹@p†aŒ AISI 52100   . [22] 

‡uë@ éãa@ ‹‚a@ s±@ À@@òàîÓ@ ‡äÇ@ b–ì—‚@ |Ûa@ òãì“‚@ p†aŒ@ bàÜ×@ òí‰ÌnÛa@ Þ‡Èß@ †aŒ@ bàÜ×
†‡ÈÛa@kÜ–@âa‡ƒna@‡äÇ@òÈÐm‹¾a@ñ†ý—Ûa AISI H13 [25].  

  
|Ûa@òãì“‚@lby@À@‹qûm@�Ûa@ÝßaìÈÛa|Ûa@òãì“‚@lby@À@‹qûm@�Ûa@ÝßaìÈÛa|Ûa@òãì“‚@lby@À@‹qûm@�Ûa@ÝßaìÈÛa|Ûa@òãì“‚@lby@À@‹qûm@�Ûa@ÝßaìÈÛa.  

bÇìî’@‹r×þa@bàçë@µnÔí‹ @ô‡yhi@|Ûa@òãì“‚@‘bÔm@Z  
  

òãì“©a@Áìnßòãì“©a@Áìnßòãì“©a@Áìnßòãì“©a@Áìnß ) Ra (Roughness average  
Ûbi@éäÇ@
Èíëãì“ƒÜÛ@òìn¾a@òîib¨a@òàîÔòAA)  (ëc) CLA (ÁìÛa@Á‚@Áìnß.   
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 ���)Ra (Òa‹®ýÛ@ïib¨a@Áìn¾a@ïçïbþa@Á©a@åÇ@.  
 L = òäîÈÛa@Þì @ìç.  
Y =  ïbþa@Á‚@åÇ@†bÈniýÛ@ïib¨a@Áìn¾a@óÜÇ@
Èíë@�ãb§a@óäzäàÜÛ@ïa‹Ûa@Šì�a@ìç.  

òãì“©a@Áìnß Ra@L@�@|Ûa@ñ†ìuë@òßìÈã@åÇ@�jÈnÜÛ@bèiby@òÛìèÛ@ë@bßa‡ƒna@‹r×þa@
nÈm
òÓŠìÛa@ê‰ç@À@bèßa‡ƒna.@ @

  

Ûa@òãì“‚@òÛ†bÈßÛa@òãì“‚@òÛ†bÈßÛa@òãì“‚@òÛ†bÈßÛa@òãì“‚@òÛ†bÈß||||@ @@ @@ @@ @
@òÏby@‹Ó@Ñ—ã@ÙÛ‰×ë@òí‰ÌnÛa@Þ‡Èß@óÜÇ@‡ànÈm@|Ûa@òãì“‚@òÛ†bÈß@æc@Òë‹Èß@áç@bà×
@À@ b¨b–@æìØí@xˆìàäÛa@ a‰ç@åØÛë@ òí‰ÌnÛa@ Þ‡Èß@ Éi‹ß@�Ìni@|Ûa@ òãì“‚@�Ìnmë@ ÉÔÛa@ ña†c
@òãì“‚@À@‹qûm@ô‹‚c@ÝßaìÇë@paŠbjnÇa@æbÏ@ñ‡Ü—Ûa@æ†bÈàÜÛ@òjäÛbi@bßc@ñ‡Ü–@�Ë@æ†bÈß@ò a‹‚

Ûañ‡Ü—Ûa@æ†bÈ¾a@ò a‹©a@À@éÔîjm@òîãbØßgë@xˆìàäÛa@a‰ç@òaŠ†@kÜní@b¿@|[1] .  
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sîyZ@ @

= Ra |Ûa@òãì“‚ IáßH 
     f=  Þ‡Èß@òí‰ÌnÛa@IáßH  

re @  = @ña†þa@òÏby@‹Ó@Ñ—ãIáßH 
  

lŠbvnÛa@òÔí‹ ë@lìÜclŠbvnÛa@òÔí‹ ë@lìÜclŠbvnÛa@òÔí‹ ë@lìÜclŠbvnÛa@òÔí‹ ë@lìÜc  
  

òaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çc@ @@ @@ @@ @
@áçc@ åß@ 
nÈm@ �Ûa@ |þa@ áîÈäm@ Þbª@ À@ òrí‡¨a@ òîäÔnÛa@ áèÏ@ ¶g@ òaŠ‡Ûa@ Ò‡èm

aì©apbèÇaìãdi@kÛaìÔÛa@xbnãg@À@ò–b‚ë@wnä¾a@ñ†ìu@ bèîÜÇ@‡ànÈí@�Ûa@òîubnãa@@ N@ê‰ç@Ò‡èm
@ë@âb©a@ñ†b¾a@ ñ†ý–@Ýrß@|Ûa@ ñ†ìu@À@‹qûm@�Ûa@ÝßaìÈÛa@ òaŠ†ë@ÝîÜ¥@¶g@ b›ía@ òaŠ‡Ûa

Òë‹Ã@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@âa‡ƒnbi@ñ‡Ü—Ûa@æ†bÈ¾a@À@ÝîÌ“nÛa@
‡äÇ †‡ÈÛa@kÜ–@âa‡ƒna@) (AISI D2، @bè›Èi@ Éß@ ÝßaìÈÛa@ ê‡ç@ Ý‚a‡m@ ÝîÜ¥ë@s¢@�@sîy

†‡ÈÛa@kÜ–@æ‡ÈàÜÛ@óÜjÛa@òßëbÔß@óÜÇ@@áîÈänÛa@pbîÜàÇ@�qdm@òaŠ†@�@bà×ë@|Ûa@óÜÇ@bç�qdmë 
)(AISI D2 ÉÔÛa@†‡Çë@kÛaìÔÛa@òÇbä–@À@òîàçc@åß@éÛ@b¾@òaŠ‡Ûa@ê‰ç@À@êŠbîn‚a@�@ð‰ÛaN@ @
  

lŠbvnÛa@áîà—mlŠbvnÛa@áîà—mlŠbvnÛa@áîà—mlŠbvnÛa@áîà—m  
âa‡ƒna@� (MNITAB Software) @âa‡ƒnbi@ô‹vn@�Ûa@lŠbvnÛa@†‡Ç@‡í‡znÛ@ÙÛˆë

@ÝßaìÈÛa@ Éî»@ µi@ Ý‚a‡nÛa@ õa‹ug@ ÙÛ‰×ë@ ñ‡Ü—Ûa@ ò a‹©a@ âa‡ƒnbi@ ïzÛa@ õbèãa@ pbîäÔm
a@ïçëÉÔÛa@ÕàÇë@ òí‰ÌnÛa@Þ‡Èßë@ ÉÔÛa@ òÇ‹ë@ ñ†ý—Û@ Npaî¿@áçc@åß@æg@sîy software 

MINITAB@ @wöbnäÛa@áŠë@ÝîÜ¥@òîãbØßg@ÙÛ‰×@Ýi@ÝßaìÈÛa@µi@Ý‚a‡m@Ý›Ïc@†b°g@ÁÔÏ@îÛ
@pbîäzäß@ÝØ’@óÜÇ@|Ûa@ ñ†ìuë@òßìÈã@óÜÇ@ bç�qdm@ ŠbèÃgë@áèÐÛa@ òîÜàÇ@ÝîènÛ@ bç‡–Š@‡Èi

’bjß@bèmbÓýÇ@|šìm„îÜvnÛa@Éß@wöbnäÛa@òãŠbÔß@òîãbØßë@|Ûa@ñ†ìu@Éß@ñ‹.@ @
Þë‡§a) 1 (@ÝîÌ“nÛa@Òë‹Ã@áîÓ@ky@ò a‹©a@o¸@sîy@b�@pbíìn¾a@áîÓë@ÝßaìÈÛa@ê‰ç@|šìí

@ÉÔÛa@oš‹Èm@sîy@ò a‹©a@o¸@‡Óë@Lò ‹ƒ¾a@À@òäîÈÛa@oîjrm@‡Èi@ÙÛˆë@Þë‡§a@À@òzšì¾a
îÈÛa@Þì @óÜÇ@ÉÔÛa@‹íëb“ß@†‡Ç@ÐäÛ@pa‹ß@ñ‡Ç@òäîÇ@ÝØÛ@|Ûa@òãì“‚@‘bîÓ@�@áq@bjí‹Ôm@òä

Áìn¾a@lbyë@Áî�a@óÜÇ@ïöaì“Ç@ÝØ“i  
  

§a§a§a§aÞë‡Þë‡Þë‡Þë‡ 1 :ßaìÈÛaßaìÈÛaßaìÈÛaßaìÈÛaÝÝÝÝbèmbíìnßë@òaŠ‡Ûa@À@oß‡ƒna@�Ûa@bèmbíìnßë@òaŠ‡Ûa@À@oß‡ƒna@�Ûa@bèmbíìnßë@òaŠ‡Ûa@À@oß‡ƒna@�Ûa@bèmbíìnßë@òaŠ‡Ûa@À@oß‡ƒna@�Ûa@  
òí‰ÌnÛa  

0.05-.15 rev/min
ÉÔÛa@òÇ‹  
100-200 (m/min) 

ÉÔÛa@ÕàÇ  
0.1-0.25 mm 

ñ†ý—Ûa  
51-56 HRC 

|Ûa@òßìÈã@Áìnß  
(Ra)  µ m 

1 -1 1 1 .72 
1 1 -1 1 .82 

-1 1 -1 -1 .41 
-1 -1 1 -1 .36 
1 -1 -1 -1 .40 
-1 -1 -1 1 .37 
1 1 1 -1 .48 
-1 1 1 1 .68 

  

@òÇ‹@oãb×@sîy@ònibq@ÝîÌ“m@Òë‹Äi@òîãbrÛa@òÇìà�a@óÜÇ@„îÜvnÛa@òîÜàÇ@oí‹uc@ÙÛˆ@‡Èi
ïÛaìy@„îÜvnÛa@‹vy@æaŠë† 30.000 rpm ë  rpm150 ÜÛ@oibq@ÉÓ@ÕàÇë@oibm@òí‰Ìm@Þ‡Èßë@òäîÈ
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ïÛaìy 0.05 áß@N@bènãŠbÔßë@bîãbîi@ò a‹©a@wöbnã@�‹Ç@áq@|Ûa@óÜÇ@bîöaì“Ç@ñ†ý—Ûa@oîÓ
„îÜvnÛa@ òîÜàÇ@ wöbnã@ Éß@ N@òvînã@ |Ûa@ �qdm@ æbîjÛ@ ð‹è�c@ ˜zÐÜÛ@ ÙÛˆ@ ‡Èi@ pbäîÈÛa@ p‰‚c

ë	ØÛüa@‹è�a@âa‡ƒnaë@áîÈänÛa@õbäqc@ñŠa‹¨a@ÊbÐmŠaãï) SEM (ÙÛ‰Û.  
  

pbäîÈÛa@îè¤pbäîÈÛa@îè¤pbäîÈÛa@îè¤pbäîÈÛa@îè¤   
æ‡Èß@ åß@ pbäîÈÛa@ ˜Ó@ òîÜàÇ@ ánm )(AISI D2 ‹Ôi 40 Þìië@ áß 80 @áîÔm@ �ë@ áß

òÇìà�a@µnÇìàª@¶g@pbäîÈÛa @ò a‹©a@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@bèîÜÇ@ánî@¶ëþa
âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@bèîÜÇ@ánî@òîãbrÛa@òÇìà�aë@ñ‡Ü—Ûa„îÜvnÛa@@N@pbäîÈÛa@áÔm

ïÛaìy@¶g@¶ëþa@ òÇìà�a@ ñ†ý–@ÉÏŠ@ání@sîy@ ñ†ý—Ûa@sîy@åß@µnÇìàª@¶g HRC)50( 
���	
(55HRC)  òíŠa‹¨a@ò§bÈ¾a@æ‹Ï@À@bèÈšìi@ÙÛˆë@L@‘bîÓ@�@ò§bÈ¾a@åß@õbènãüa@‡Èiإ�� وا�

p‡uìÏ@áîÔÛa@Áìnß@lby@�ë@pbäîÈÛa@|@óÜÇ@bîöaì“Ç@ñ†ý—Ûa HRC51 ¶ëþa@òÇìàvàÜÛ 
ëHRC56 Ýíì×Š@‘bîÔß@ âa‡ƒnbi@ÙÛˆë@ òîãbrÛa@ òÇìàvàÜÛ@ LÞë‡§aë) 2 (@�Ûa@paì©a@|šìí

@pbäîÈÛa@ñ†ý–@@ÉÏŠ@õa‹u@o¸N@ @
@‹¸@ òäîÈÛa@ æbÏ@ „îÜvnÛa@ âa‡ƒnbi@ ïzÛa@ õbèãa@ pbîäÔm@ òaìi@ áîÈänÛa@ õa‹ug@ ‡äÇ

pa†bèuüa@òÛaŒg@åß@c‡jm@Ýya‹· (Annealing) qòä“©a@ò a‹©a@á (rough machining)@ÝÔnäm@
òíŠa‹¨a@ò§bÈ¾a@¶g@ÙÛˆ@‡Èi) (hardening @òßìÈã@óÜÇ@Þì—zÜÛ@„îÜvnÛa@¶g@áq@bèm†ý–@ÉÏ‹Û
ÝØ“Ûa@ À@ bà×@ †bÈiþa@ À@ òÓ†ë) 1 -ا (@ò a‹©a@ âa‡ƒnbi@ ïzÛa@ õbèãa@ pbîäÔm@ õa‹u@ bàäîi

bjß@ b�@ ñ†ý—Ûa@ ÉÏŠ@ ání@ òäîÈÛa@ æbÏ@ ñ‡Ü—Ûa@À@ áîÈänÛaë@ òä“©a@ ñ‡Ü—Ûa@ ò a‹©a@ ánm@ áq@ ñ‹’
ÝØ“Ûa@À@ bà×@ †bÈiþa@À@ òÓ†ë@ òîÛbÇ@ |@ òßìÈã@ æbà›Û@ ñ‡yaë@ òîÜàÇ )1-ب( ،ÝØ“Ûa) 1- د،ج (

pbäîÈÜÛ@áîÈänÛa@õa‹ugë@oîjrm@òîÜàÇ@|šìí@N@ @
 

§a§a§a§aÞë‡Þë‡Þë‡Þë‡ 2 :pbäîÈÜÛ@ñ†ý—Ûa@õa‹ug@Ýya‹ßë@paì‚pbäîÈÜÛ@ñ†ý—Ûa@õa‹ug@Ýya‹ßë@paì‚pbäîÈÜÛ@ñ†ý—Ûa@õa‹ug@Ýya‹ßë@paì‚pbäîÈÜÛ@ñ†ý—Ûa@õa‹ug@Ýya‹ßë@paì‚  
òîÜàÈÛa  ñŠa‹¨a@òuŠ† (oC)åßÛa (min) ‡í
nÛa@Áë  ñ†ý—Ûa (HRC) 

ïö‡jß@µƒm600 60 @ @  

‡îÜ—nÛa@ @1040 2.5/1mm 
øubÐ¾a@‡í
nÛa50 -60   

oíÛa@ @62 -64  

ÝîÌÛa@ @90  å‚b@õbß@ @ 
200 51 òÈua‹¾a@ @
300 60 õaì�bi@‡í
m@ @

56 
 

  @ÝØ“Ûa@ÝØ“Ûa@ÝØ“Ûa@ÝØ“Ûa1@M@M@M@MccccZZZZ„îÜvnÛa@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@„îÜvnÛa@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@„îÜvnÛa@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@„îÜvnÛa@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@@ @@ @@ @@ @
 

  @ÝØ“Ûa@ÝØ“Ûa@ÝØ“Ûa@ÝØ“Ûa1@M@M@M@MllllZZZZ@@@@èãa@pbîäÔm@èãa@pbîäÔm@èãa@pbîäÔm@èãa@pbîäÔm@@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õb@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õb@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õb@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@õb@ @@ @@ @@ @
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  ÛaÛaÛaÛaÝØ“ÝØ“ÝØ“ÝØ“ 1ZZZZòß‡ƒn¾a@áîÈänÛa@pbîäÔm@òß‡ƒn¾a@áîÈänÛa@pbîäÔm@òß‡ƒn¾a@áîÈänÛa@pbîäÔm@òß‡ƒn¾a@áîÈänÛa@pbîäÔm@   
  

óÜjÛa@Šbjn‚a@õa‹ugóÜjÛa@Šbjn‚a@õa‹ugóÜjÛa@Šbjn‚a@õa‹ugóÜjÛa@Šbjn‚a@õa‹ug )block-on- ring test ( 
@âa‡ƒnbi@óÜjÛa@Šbjn‚ü@pbäîÈÛa@è¤@wöbnäÛa@åíë‡më@|Ûa@òßìÈã@‘bîÓ@åß@õbènãüa@‡Èi

Šbjn‚a@òîäÔm óÜjÛaBlock-on-ring test   ���)3( .òîÜàÇ@ánm@áîÈänÛa@õa‹ua@�@ónÛa@pbäîÈÛa@˜Ó@
@òÔÜ¨a@xbnãü@b�@IÚ‹zn¾a@õ§aN@Hònibq@òÇ‹i@Šë‡më@óÜjÛa@Šbjn‚a@À@bèßa‡ƒnaë@bènàöý¾  

350 ñŠë†O@ô‰Ûa@oibrÛa@õ§a@óÏ@óÔÜ¨a@ÝØ“Ûa@xbnãü@ÙÜÛbi@ÉÔÛa@òîäÔm@âa‡ƒna@�ë@LòÔîÓ†
ñìÔi@òÔÜ¨a@óÜÇ@ÁÌ›íë@bí†ìàÇ@ojrí 130 mìîãå @ÝjÓë@L™aì©a@Ðäië@æ‡È¾a@Ðã@åß@æìØíë

köaì“Ûa@ åß@ òîÛb‚ë@ òÏbuë@ òÐîÄã@ pbäîÈÛa@ æìØm@ æc@ k°@ Šbjn‚üa@ òía‡i@ N@óÜjÛa@ Þ‡Èß@ ‘bîÔÛë
Šbjn‚a@Ý×@ñ	Ï@õbènãa@‡Èië@ÝjÓ@pbÔÜ¨a@æŒë@ání@sîy@‘by@óàÓŠ@æaîß@â‡ƒníN@ @

  

  ÛaÛaÛaÛaÝØ“ÝØ“ÝØ“ÝØ“ 11ZZZZ òß‡ƒn¾a@óÜjÛa@Šbjn‚a@pbîäÔm@òß‡ƒn¾a@óÜjÛa@Šbjn‚a@pbîäÔm@òß‡ƒn¾a@óÜjÛa@Šbjn‚a@pbîäÔm@òß‡ƒn¾a@óÜjÛa@Šbjn‚a@pbîäÔm@  )Block-on-ring test(  
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ÛaÛaÛaÛapaŠbjn‚üa@ÝîÜ¥ë@wöbnäpaŠbjn‚üa@ÝîÜ¥ë@wöbnäpaŠbjn‚üa@ÝîÜ¥ë@wöbnäpaŠbjn‚üa@ÝîÜ¥ë@wöbnä  
  

�qdm�qdm�qdm�qdm|Ûa@ñ†ìu@óÜÇ@òîbþa@ÝßaìÈÛa@|Ûa@ñ†ìu@óÜÇ@òîbþa@ÝßaìÈÛa@|Ûa@ñ†ìu@óÜÇ@òîbþa@ÝßaìÈÛa@|Ûa@ñ†ìu@óÜÇ@òîbþa@ÝßaìÈÛa@   
wöbnã@ ‹èÄm ) MINITAB Software  (@ |Ûa@ òãì“‚ Ra@õbèãa@ pbîäÔm@ âa‡ƒnbi

|Ûa@òãì“‚@óÜÇ@ÝßbÇ@Ý×@�qdm@æbîi@�@‡Óë@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@NÝØ’@À) 3 (
Ûa@Òë‹Ã@Ý‚a‡m@�qdm@�‹Ç@Éß@ñ†ý—Ûa@ÊbÐmŠaë@�bÐ¯a@�qdm@æbîië@æ‡È¾a@ñ†ý–@Éß@ÝîÌ“n

@b�@òí‰ÌnÛa@Þ‡Èßë@æ‡È¾a@ñ†ý–@æg@Åyýã@sîy@|Ûa@ñ†ìu@óÜÇ@ÝîÌ“nÛa@ÝßaìÇ@åß@ÝßbÇ@Ý×
@|Ûa@ñ†ìu@óÜÇ@�qdm@
×a@L@òjäÛbi@ýàèß@æìØí@†bØíë@Áîi@bç�qdm@oãb×@ÉÔÛa@òÇ‹@bßc

|Ûa@ÕàÇ@�qdnÛ@LbàÜ×@sîyp†aŒ@ @p†aŒ@òí‰ÌnÛa@Þ‡Èß@†aŒ@bàÜ×@ë@|Ûa@òãì“‚@p†aŒ@ñ†ý—Ûa
|Ûa@òãì“‚N  

  

  
  

ÝØ“ÛaÝØ“ÛaÝØ“ÛaÝØ“Ûa 3: @@@@@ñ‡Ü—Ûa@ò a‹©a@òîäÔm@âa‡ƒnbi@|Ûa@òßìÈã@óÜÇ@ÝîÌ“nÛa@Òë‹Ã@�qdm@@@@@ñ‡Ü—Ûa@ò a‹©a@òîäÔm@âa‡ƒnbi@|Ûa@òßìÈã@óÜÇ@ÝîÌ“nÛa@Òë‹Ã@�qdm@@@@@ñ‡Ü—Ûa@ò a‹©a@òîäÔm@âa‡ƒnbi@|Ûa@òßìÈã@óÜÇ@ÝîÌ“nÛa@Òë‹Ã@�qdm@@@@@ñ‡Ü—Ûa@ò a‹©a@òîäÔm@âa‡ƒnbi@|Ûa@òßìÈã@óÜÇ@ÝîÌ“nÛa@Òë‹Ã@�qdm                 
(AISI D2, Ø30x80mm) 

  

óÜjÛa@paŠbjn‚a@ÝîÛb¥ë@wöbnãóÜjÛa@paŠbjn‚a@ÝîÛb¥ë@wöbnãóÜjÛa@paŠbjn‚a@ÝîÛb¥ë@wöbnãóÜjÛa@paŠbjn‚a@ÝîÛb¥ë@wöbnã  
  

óÜjÛa@paŠbjn‚a@wöbnã@ò“ÓbäßóÜjÛa@paŠbjn‚a@wöbnã@ò“ÓbäßóÜjÛa@paŠbjn‚a@wöbnã@ò“ÓbäßóÜjÛa@paŠbjn‚a@wöbnã@ò“Óbäß  
�qdm�qdm�qdm�qdm“‚@“‚@“‚@“‚@@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãìIIIIñ†ý–@paˆ@ò a‹©a@pbäîÇñ†ý–@paˆ@ò a‹©a@pbäîÇñ†ý–@paˆ@ò a‹©a@pbäîÇñ†ý–@paˆ@ò a‹©a@pbäîÇ 51HRC (  

Þë‡§a) 3 (@ÝibÔß@æŒìÛa@‡ÔÏ@lb¢@ÝÓüa@ ñ†ý—Ûa@paˆ@pbäîÈÜÛ@paŠbjn‚üa@wöbnã@�‹Èí
åßÛa@Šë‹ß@Éß@óÜjÛa@Þ‡È¾@òàÛa@Ðã@Åyýí@æa@åØº@òãŠbÔ¾bi@LåßÛa@L  

  
§a§a§a§aÞë‡Þë‡Þë‡Þë‡3 @Z@Z@Z@ZÝÓüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãÝÓüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãÝÓüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãÝÓüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnã (51HRC) åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢  

  

Travel  time 
(min) 

∆w(gm) 
Ra=0.41µm 

∆w(gm) 
Ra=0.36µm 

∆w(gm) 
Ra=0.4µm 

∆w(gm) 
Ra=0.48µm 

Average of 
∆w(gm) 

30 0.001 0.0036 0 0.0039 0.002125 
90 0.005 0.0171 0.0084 0.0156 0.011525 

180 0.0198 0.0435 0.0345 0.0424 0.03505 
300 0.0545 0.0697 0.0673 0.0611 0.06315 
450 0.0882 0.1144 0.112 0.0814 0.099 
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ÝØ“Ûa) 4 (Þë‡§a@ÐäÛ@bîãbîi@òÓýÈÛa@|šìí@N@ÙÛˆ@ò¤bäÛa@|Ûa@òãì“‚@�bÐ¯ü@òvînã
üa@òîäßÛa@ñ	ÐÛa@óÏ@Ú‹zn¾aë@oibrÛa@õ§a@µi@ÚbØnyüa@òvînã@æŒìÛa@‡ÔÏ@�bÐ¯a@óÜÇ@‹qûí@@¶ë

óÜjÜÛ@ òäy@òßëbÔß@óÈíë@ NóÏ@oÄyìÛ@ ñ†ý—Ûa@ òuŠ†@�qbm pbäîÈÛa 51HRC @¶bÇ@Þ‡È¾a@sîy
åßÜÛ@òjäÛbi@æŒìÛa@‡ÔÐÛ.  

  

Wear rate WR (gm/min)
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 @ @
ÛaÛaÛaÛaÝØ“ÝØ“ÝØ“ÝØ“ 4 : ò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èß (51HRC)  

  
@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdmIIII†ý–@paˆ@ò a‹©a@pbäîÇ†ý–@paˆ@ò a‹©a@pbäîÇ†ý–@paˆ@ò a‹©a@pbäîÇ†ý–@paˆ@ò a‹©a@pbäîÇññññ 56HRC (  

Þë‡§a) 4 (@óÜÇüa@ñ†ý—Ûa@paˆ@pbäîÈÜÛ@paŠbjn‚üa@wöbnã@�‹Èí56HRC@lb¢@ÙÛˆë@
åßÜÛ@òjäÛbi@æŒìÛa@‡ÔÏ@NåßÜÛ@òjäÛbi@óÜjÛa@Þ‡Èß@ò�@Ðã@Åyýí@òãŠbÔ¾bi  

  
  ¢Z@Z@Z@ZóÜÇüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãóÜÇüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãóÜÇüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnãóÜÇüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@wöbnã (56HRC) åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb@4 ��ولا�

  

Travel time 
(min) 

∆w(gm) 
Ra=0.72µm 

∆w(gm) 
Ra=0.8µm 

∆w(gm) 
Ra=0.4µm 

∆w(gm) 
Ra=0.68µm 

Average of 
∆w(gm) 

30 0.0082 0.004 0.003 0.0066 0.00545 
90 0.0103 0.0107 0.012 0.0156 0.01215 

180 0.0426 0.0252 0.034 0.0275 0.032325 
300 0.0577 0.0436 0.081 0.0454 0.056925 
450 0.0871 0.2368 0.083 0.0726 0.119875 

  
ÝØ“Ûa) 5 (@Šbjn‚üa@òía‡i@À@|Ûa@òãì“‚@ÊbÐmŠü@òvînã@òàÛa@ê‰çë@wöbnäÛa@bîãbîi@|šìí

óÜjÜÛ@ ÝÓa@ òßëbÔß@¶g@ô†c@ b¿@ÚbØnyüa@ òvînã@ æŒìÜÛ@
×a@ ‡ÔÏ@¶g@ô†c@ b¿@ N@ñ†ý—Ûa@�qdm
ñ†bíŒ@À@kjm@óÜÇþa@ñ†ý—Ûa@æg@µjmë@ÅyìÛóÜjÛa@òßëbÔß@N  
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Wear rate WR (gm/min)
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  @ @@ @@ @@ @
ÛaÛaÛaÛaÝØ“ÝØ“ÝØ“ÝØ“ 5 @Zò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßò a‹©a@pbäîÈÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èß (56HRC)  

  
@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdm@óÜjÛa@Þ‡Èß@óÜÇ@@|Ûa@òãì“‚@�qdmIIII„îÜvnÛa@pbäîÇ„îÜvnÛa@pbäîÇ„îÜvnÛa@pbäîÇ„îÜvnÛa@pbäîÇ(  

lb¢@ÝÓüaë@óÜÇüa@ñ†ý—Ûa@åß@ÝØÛ@„îÜvnÛa@pbäîÈÜÛ@paŠbjn‚üa@wöbnã@�‹Èí@) 5( ا���ول
ßÜÛ@ òjäÛbi@ æŒìÛa@ ‡ÔÏå@ NæŒìÛbi@ ky@ ‡Ó@ åßÛa@ òjäÛbi@ óÜjÛa@ æa@ Åyýã@ æa@ åØº@ òãŠbÔ¾bi .

ÝØ“Ûa )6 (ñ†ý—Ûa@paˆ@„îÜvnÛa@pbäîÈÜÛ@˜öb—©a@ê‰ç@bîãbîi@òÓýÈÛa@|šìí 51HRC  56 و HRC 
|@òãì“‚ë 0.34 áß ë 0.4 áß ¶aìnÛa@óÜÇ@L@òvînã@æŒìÜÛ@ÝÓa@‡ÔÏ@ÅyìÛ@åßÛa@òía‡i@óÏ@sîy

óÜÇ@Þ‡í@ b¿@ÚbØnyüaóÜjÜÛ@óÜÇa@ òßëbÔß@@ N@óÏ@ ñ‡Ü—Ûa@ ò a‹©a@âa‡ƒna@æa@ ‡×ûm@wöbnäÛa@ ê‰ç
ÝîÌ“m AISI D2 óÜjÛa@òßëbÔßë@|Ûa@ñ†ìu@å±@òàöýß@ÝîÌ“m@Òë‹ÄiN@ @

  
  ¢îÜvnÛa@pbäîÈÛa@wöbnã„îÜvnÛa@pbäîÈÛa@wöbnã„îÜvnÛa@pbäîÈÛa@wöbnã„îÜvnÛa@pbäîÈÛa@wöbnã (51-56HRC) åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb¢åßÜÛ@òjäÛbi@æŒìÛa@óÏ@ñŠb©a@lb„ : 5 ��ولا�

Travel time (min) ∆w(gm) Ra=0.35µm 
for 56 HRC sample 

∆w(gm) Ra=0.3µm 
for 51 HRC sample 

Average of 
∆w(gm) 

30 0.003 0.0065 0.0065 
90 0.003 0.0179 0.01045 

180 0.0111 0.0405 0.0258 
300 0.0357 0.0692 0.05245 
450 0.0633 0.1238 0.09355 

 

(Wear rate WR (gm/min)
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 ÛaÛaÛaÛaÝØ“ÝØ“ÝØ“ÝØ“ 6: bäîÈÜÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡ÈßbäîÈÜÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡ÈßbäîÈÜÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡ÈßbäîÈÜÛ@åßÛa@ë@æŒìÛa@óÏ@ñŠb©a@µi@òÓýÈ×@óÜjÛa@Þ‡Èßpppp „îÜvnÛa@„îÜvnÛa@„îÜvnÛa@„îÜvnÛa@ (51-56HRC)  
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@ @@ @@ @@ @
ò–ý©aò–ý©aò–ý©aò–ý©a@ @@ @@ @@ @

• @ïzÛa@ õbèãa@âa‡ƒna@‡äÇ@|Ûa@ ñ†ìu@óÜÇ@‹’bjß@�qdm@ b�@ÝîÌ“nÛa@Òë‹Ãë@ÝßaìÇ
@Ý›Ïc@óÜÇ@bäÜ—¥@òí‰ÌnÛa@Þ‡Èß@ÝÓ@ë@ñ†ý—Ûa@oÜÓ@ bàÜ×@sîy@ñ‡Ü—Ûa@ò a‹©a@âa‡ƒnbi

|ÜÛ@òßìÈã) m µ 0.36.(  

• åß@ ‹r×c@ ñ†ý—Ûa@p†aŒ@ bàÜ× HRC 50 @ òãì“‚@p†aŒpbaŠ‡Û@ òÔÏaìß@ òvînã@ ê‰çë@ |Ûa 
bÔib@oí‹ucN 

• @p†aŒ@bàÜ×@bàäîi@óÜÇa@óÜjÛa@òßëbÔß@oãb×@ÝÓa@|@òãì“‚ë@ÝÓüa@ñ†ý—Ûa@paˆ@pbäîÈÛa@‡äÇ
óÜjÛa@Þ‡Èß@†aŒ@|Ûa@òãì“‚N 

• óÜjÛaa@òßëbÔß@�bÐ¯a@óÜÇ@‹’ûß@ô‡îÜÔnÛa@áîÈänÛa@óÏ@óÜjÛa@óäzäß@óÏ@l‰i‰nÛa  
• a@ pbîäÔm@ éÜr¸@ b¾@ a‹Äã@�bÇ@ À@ ñî¿@ òÜÔã@ åß@ ñ‡Ü—Ûa@ ò a‹©a@ âa‡ƒnbi@ ïzÛa@ õbèã

@pbÈßb§a@ÝjÓ@åß@bèîäjmë@ bènaŠ†ë@òîäÔnÛa@áèÏ@ðŠë‹›Ûa@åß@|j–c@ñ‡Ü—Ûa@æ†bÈàÜÛ@ÝîÌ“nÛa
òî——ƒnÛa@ ×a‹¾aëN@õbèãa@pbîäÔm@µi@ òãŠbÔß@ †b°hi@ï–ìí@szjÛa@ a‰ç@åß@ ñ‡öbÐÛa@ ñ†bíÛë

Ü—Ûa@ò a‹©a@âa‡ƒnbi@ïzÛa@µîÈni@ÙÛˆë@„îÜvnÛa@âa‡ƒnbi@ïzÛa@õbèãa@pbîäÔm@ë@ñ‡
µnÔí‹Ûa@µi@xbnãa@ òÐÜØm@À@Ö‹ÐÛa@ †b°g@ïÛbnÛbië@ÙÜèn¾a@åßÛa@À@˜ÔäÛa@ òjã@ N@†b°g

@b�ý‚@åß@åØº@òÛ†bÈß@†b°gë@|Ûa@òãì“‚@óÜÇ@ñ‹qû¾a@ÝßaìÈÛa@ê‰ç@ðì±@ï‡äç@xˆì¹
ÜÇ@†bànÇbi@óÜjÛa@pü‡Èß@ÉÓìmÝîÌ“nÛa@òÔí‹ ë@æ‡È¾a@Êìã@óN 
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