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Abstract²7KLVVWXG\LQYHVWLJDWHVWKHPHFKDQLVPR

ID*\UDWRU\ 
FUXVKHUORFDWHG LQ *ROJRKDU PLQLQJ DQG 

LQGXVWULDO &R VSHFLILFDOO\ 

ZLWKDIRFXVRQVWUHVVHVGLVWULEXWLRQDQGIDWL

JXHIDLOXUHRILWVPDLQ 

VKDIW$WILUVWVWHSWKHFURVVVHFWLRQRIWKHIUD

FWXUHGVKDIWLVVWXGLHG 

DQGWKHFUDFNJURZWKLVDQDO\]HG7KHQWKHURWDW

LRQDOPRWLRQRIWKH VKDIW DQG WKH RLO 

WHPSHUDWXUH RI RLO FLUFXLW RI HTXLSPHQW DUH 

PRQLWRUHG &RQGLWLRQ PRQLWRULQJ LV XVHG WR 

KHOS ILQGLQJ D EHWWHU 

PRGLILFDWLRQ%DVHGRQWKHUHVXOWVRIWKLVVWX

G\WKHPDLQFDXVHVRI VKDIW IDLOXUH DUH 

LGHQWLILHG DQG FRUUHFWLYH VROXWLRQ LV 

RIIHUHG WR LQFUHDVH FUXVKHU SHUIRUPDQFH 

HVSHFLDOO\ LWV PDLQ VKDIW OLIH 7R SUHGLFW WKH 

HIILFLHQF\ RI WKH SURSRVHG PRGLILFDWLRQ ILQLWH 

HOHPHQW 

VLPXODWLRQLVSHUIRUPHGDQGLWVUHVXOWVDUHFR

PSDUHGZLWKWKHVLPLODU PRGLILHG FDVHV 7KH 

FRPSDULVRQ DQG LQWHUSUHWDWLRQ RI 

VLPXODWLRQ 
UHVXOWVFRQILUPWKHHIILFLHQF\RISURSRVHGFRUUHF

WLYHPHWKRG 
 

Keywords²)DWLJXH IDLOXUH ILQLWH HOHPHQW 

PHWKRG J\UDWRU\ FUXVKHUFRQGLWLRQPRQLWRULQJ 

,,1752'8&7,21 

$7,*8(IDLOXUHLVDYHU\FRPPRQHYHQWIRUPHFKDQL

FDO 
VWXG\RIGHVLJQDQGDQDO\VLVRILWVFRPSRQHQWV

LVVFLHQWLILFDOO\ DQG SUDFWLFDOO\ YHU\ 

LPSRUWDQW *\UDWRU\ &UXVKHU DV DQ 

HVVHQWLDO HTXLSPHQW LQ *ROJRKDU PLQLQJ DQG 

LQGXVWULDO 

FRPSDQ\LVSODFHGDIWHUWKHLURQRUHH[WUDFWL

RQDUHDDQGDFWV 

DVDSULPDU\PLOOWRFUXVKHGEXONLURQRUH7KHP

D[LPXPVL]H 

RIRXWSXWRUHIURPWKLVFUXVKHULVDERXWFHQW

LPHWHUVZKLFK 

LVVXLWDEOHIRUXSZDUGPLOOV'LIIHUHQWW\SHVRI

FUXVKHUVDUH 

XVHGLQPLQLQJLQGXVWU\%XWWZRW\SHVRI-

DZDQG*\UDWRU\ 
 

56%DKUHLQLLVZLWKWKH&RQGLWLRQ0RQLWRULQJ'HSDUW

PHQWRI*ROJRKDU 0LQLQJ DQG ,QGXVWULDO &R 6LUMDQ 

,UDQSKRQH  ID[ HPDLOUDKLPVRWRXGHK#JPDLOFRP 
$ ) 1HPDWROODKL LV ZLWK WKH &RQGLWLRQ 0RQLWRULQJ 

'HSDUWPHQW RI *ROJRKDU 0LQLQJ DQG ,QGXVWULDO &R 

6LUMDQ ,UDQ HPDLO DIRURXJKL#JPDLOFRP 
$-DIDULLVZLWKWKH0HFKDQLFDO (QJLQHHULQJ'HSDUWPHQW 

8QLYHUVLW\ RI 
7HFKQRORJ\6LUMDQ,UDQHPDLOMDIDUL#VLUMDQWHFKDFLU 
SHQGXOXPOLNHDWWKHFHQWHURIFRQLFDOVKHOO

7KLVUHFLSURFDWLQJ 

PRYHPHQWFDXVHVFKDQJHVLQVL]HRIWKHH[LWDU

HDRIFUXVKHU 

WKHUHIRUHRUHFUXVKLQJSURFHVVLVGRQHE\WKL

VPHFKDQLVP,Q 

IDFWWKLVW\SHRIFUXVKHUFDQEHDVVXPHGDVLQIL

QLWHQXPEHURI 

YHU\VPDOOMDZFUXVKHUVORFDWHGRQWKHFLUFX

PIHUHQFHRID 

FLUFOH5HJDUGLQJWKLVGHVFULSWLRQLWFDQEHFR

QFOXGHGWKDWWKH HIILFLHQF\ RI *\UDWRU\ 

FUXVKHU LV PXFK KLJKHU WKDQ MDZ 

FUXVKHU$OWKRXJKWKHUHLVQRH[DFWHTXDWLRQI

RUFDOFXODWLQJ 

WKHFDSDFLW\RIWKHFUXVKHUVLWFDQEHHPSLULF

DOO\VDLGWKDWLQ 

WKHVDPHFRQGLWLRQRIRXWSXWVL]HFDSDFLW\RI*\

UDWRU\W\SHLV DERXWWKUHHWLPHVRIWKH-

DZFUXVKHU$OVR*\UDWRU\W\SHLV 

UHFRPPHQGHGZKHQWKHFDSDFLW\RISURGXFWLRQO

LQHLVPRUH 

WKDQWK,QDGGLWLRQLQDVLPLODUFDSDFLW\GXH

WRWKH 

FLUFXODUVKDSHWKHUHTXLUHGVSDFHIRU*\UDWR

U\W\SHLVOHVV 

WKDQMDZFUXVKHU0RUHRYHUGXHWRVHYHUHIOXF

WXDWLRQRIVWUHVV 

GXULQJWKHRSHUDWLRQDVWURQJHUIRXQGDWLRQ

DQGVXSSRUWVDUH QHHGHG IRU -DZ FUXVKHU >@ 

$FFRUGLQJ WR WKH VSHFLDO 

WHFKQRORJ\RIFUXVKHUYHU\VPDOOQXPEHUVRIPDQ

XIDFWXUHUV 

DUHDEOHWRPDQXIDFWXUHDQGPDLQWDLQWKHHT

XLSPHQW$OVR SURYLGLQJ VSDUH SDUWV OHDGV 

WR KLJK FRVWV RI UHSDLU DQG 

PDLQWHQDQFH7KXVLWLVQHFHVVDU\DQGLQHYLW
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DEOHWRVWXG\ 

GHVLJQRSWLPL]DWLRQLPSURYHPHQWRIHTXLSPHQ

WDQGKRZWR 

RSHUDWHLWEHWWHU/LWHUDWXUHUHYLHZLQGLF

DWHVWKDWIRFXVHVRI 

UHVHDUFKZRUNVDUHEDVHGRQHPSLULFDODQDO\V

LVSDUWLFXODUO\ 

GHDOLQJZLWKLQWHUQDOIULFWLRQDQGDEUDVLR

QRIFRPSRQHQWVRI 

WKLVW\SHRIHTXLSPHQW>@>@$FFRUGLQJO\DJRRGS

URILOHRI 

WKHFHQWUDOVKDIWKDVEHHQSURSRVHGIRUEHWW

HUFUXVKLQJ>@ 

)XUWKHUPRUHEHFDXVHRIKLJKHQHUJ\FRQVXPSWLR

QRIWKLV 

HTXLSPHQWWKHRSWLPDOFKRLFHRIWKDWKDVEHH

QLQYHVWLJDWHG 
 

 
 

 
,,352%/(0'(),1,7,21 

VXSSRUWVDQGEXVKLQJV 

,,, 0(7+2'62)5(6($5&+ 

+HUHWKHUHDUHWZRDSSURDFKHVHPSLULFDODQ

GILQLWHHOHPHQW 

DQDO\VLVWRVWXG\DQGDQDO\]HWKHLVVXH,QWKH

HPSLULFDO 

PHWKRGWKHREVHUYDWLRQDQGLQWHUSUHWDWL

RQRIWKHIUDFWXUH 

VXUIDFHFDSWXULQJWKHPRWLRQRIWKHVKDIWDWG

LIIHUHQWZRUNLQJ 

FRQGLWLRQVDQGWKHUPRJUDSK\DQDO\VLVRIOXEU

LFDWLRQV\VWHP DUH IROORZHG ,Q ILQLWH 

HOHPHQW PHWKRG WKH FRPPHUFLDO 

VRIWZDUH$%$486LVXVHG 

A.Investigating the Fatigue Fracture Surface  

 

 

 

)LJ'LIIHUHQWUHJLRQVRIIUDFWXUHGVHFWLRQRIWKH

FUXVKHUVKDIWDQG 
FRPSDULVRQZLWKVWDQGDUGVFKHPDWLFVRIIDWLJX

HIDLOXUH 
 

1RZWKHTXHVWLRQLV³ZKDWNLQGRIORDGLQJFRQ

GLWLRQLV 

H[SRVHGWRWKHVKDIW´DQG³ZKLFKVFKHPDWLFLVW

KHQDWXUHRI IUDFWXUHG VXUIDFH´" 0LVPDWFK RI 

IUDFWXUHG VHFWLRQ ZLWK 

VWDQGDUGVFKHPDWLFVLQGLFDWHVWKDWWKHQ

DWXUHRIVKDIWORDGLQJ LV FRPSRXQG DQG GRHV 

QRW PDWFK VWDQGDUG VFKHPDWLFV +RZHYHU 
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WKH FUDFN JURZWK VKRZV WKDW EHQGLQJ 

DURXQG 

GLUHFWLRQZKLFKLVSHUSHQGLFXODUWRWKHGLU

HFWLRQRIFUDFN 

JURZWKFRXOGEHWKHPDLQFDXVHRIIDLOXUH%\FRP

SDULQJWKH 

UDWLRRIWKHDUHDZKHUHUDSLGJURZWKRFFXUUH

GZLWKWKHDUHD 

ZKHUHFUDFNJUDGXDOO\JURZVWKHDUHDOLNHEHD

FKPDUNVLW 

FDQEHFRQFOXGHGWKDWWKHIDLOXUHLVIDWLJXH

W\SH,QDGGLWLRQLW 

LVREVHUYHGWKDWFUDFNLQLWLDOO\VWDUWVIUR

PVKDIWFLUFXPIHUHQFH 

DQGJUDGXDOO\JURZWKWRZDUGRQHVLGH7KHUHIR

UHEHIRUHVKDIW 
IDLOV WKRURXJKO\ LW ZDV SRVVLEOH WR 

GLVFRYHU LW E\ QRQ 
GHVWUXFWLYHWHVWV6RLIWKHUHH[LVWVDSHUPD

QHQWPRQLWRULQJLW 

ZRXOGEHSRVVLEOHWRSUHGLFWWKHIDLOXUH6XFK

DQDSSURDFKFDQ GHWHUPLQH WKH DSSUR[LPDWH 

WLPH RI XOWLPDWH IDLOXUH 

$FFRUGLQJO\HTXLSPHQWFDQEHVWRSSHGEHIRUHH[

SHQVLYH 

GDPDJHV$WOHDVWLWFRXOGEHSRVVLEOHWRSUHY

HQWGDPDJHWKH 

RWKHUFRPSRQHQW2QWKHRWKHUKDQGE\VWXG\RIF

UXVKHU 

PHFKDQLVPLWFDQEHFRQFOXGHGWKDWLQFDVHWK

DWWKHUHLVRQO\ J\UDWRU\ PRYHPHQW DQG VSLQ 

URWDWLRQ LV DEVHQW DW DQ\ 

PRPHQWGLUHFWLRQRIVKDIWEHQGLQJFKDQJHVGX

HWRHFFHQWULF 

PRYHPHQWRIORZHUEXVKLQJ$OVRORDGLQJGXHWRF

UXVKLQJ 
SURFHVVFKDQJHVDVGHSLFWHGLQ)LJ,QWKLVFDVH

DWLPH 
GHSHQGHQWEHQGLQJORDGLPSRVHGWRWKHVKDIW

LVVLPLODUWRWKH 

W\SHRIORDGLQJWKDWVKDIWURWDWHVDQGORDGL

VIL[HG7KXVWKH 
JURZWKRIFUDFNVKRXOGEHVLPLODUWRWKHVFKHP

DWLFVRIIUDFWXUH 

RIURWDWLRQDOVXUIDFHXQGHUEHQGLQJORDGZKH

UHDVLWLVQRW 

7KXVLWLVHVWLPDWHGWKDWWKLVW\SHRIPRYHPH

QWGRHVQRW 

KDSSHQLQUHDOFRQGLWLRQ7RLQWHUSUHWWKHRF

FXUUHQFHRIWKLV 

VLWXDWLRQWKHVKDIWPHFKDQLVPZLOOEHVWXGL

HGSUHFLVHO\$V 

DOUHDG\PHQWLRQHGLQDGGLWLRQWRJ\UDWRU\PRY

HPHQWRIWKH 

PDLQVKDIWZLWKWKHVSHHG�WKHUHLVDQRWKHU

W\SHRIURWDWLRQ 

DURXQGWKHD[LVRIWKHVKDIWVSLQURWDWLRQȦ$

V)LJ 

LOOXVWUDWHVLQWKHVLWXDWLRQWKDWVSLQPR

YHPHQWLVJHWWLQJ 

V\QFKURQL]HGZLWKJ\UDWRU\URWDWLRQEHQGLQJD

OZD\VRFFXUV 

DURXQGDIL[HGD[LV)RUH[DPSOHSRLQWV$DQG%DUH

DOZD\V 

XQGHUPD[LPXPVWUDLQDQGVWUHVVDQGSRLQWV&

DQG'DUH 

ORFDWHGRQWKHQHXWUDOD[LV,QIDFWZKLOHWKH

VKDIWURWDWHVWKH 

SRLQWRIDSSOLFDWLRQRIORDGURWDWHVWRR,QWK

HRWKHUZRUGVWKLV 

LVOLNHDIL[HGVKDIWXQGHUDRQHZD\EHQGLQJORD

G7KLV 

FRQGLWLRQKRZHYHUGRHVQRWFRPSO\ZLWKWKHFU

RVVVHFWLRQ VFKHPDWLF RI IDLOHG VKDIW %XW 

FRPSDULQJ ZLWK SUHYLRXV 

FRQGLWLRQURWDWLQJVKDIWFRQGLWLRQVKRZVPR

UHVLPLODULW\7R 

HYDOXDWHWKLVWKHRSHUDWLRQRIWKHHTXLSPH

QWLVPRQLWRUHGDW 

GLIIHUHQWWLPHVDQGWKHUHVXOWVZLOOEHLQW

HUSUHWHGDVIROORZV 
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B.Condition Monitoring of Equipment  

7RMXVWLI\RXUSUHGLFWLRQRQVSLQURWDWLRQ

HIIHFWIRUDZKLOH 

VKDIWPRYHPHQWDQGIHHGLQJRIFUXVKHUZDVVKR

WLQGLIIHUHQW 
ZRUNLQJFRQGLWLRQ$OVRRLOWHPSHUDWXUHLVVK

RWE\WKHUPR 
YLVLRQFDPHUDLQFULWLFDOSRLQWVDWGLIIHUHQ

WWLPHV)LJVKRZV 

KRZWKHFUXVKHULVFKDUJHGE\LURQ2UH,QWKLVV

WXG\LWZDV 
IRXQGWKDWWKHZKHQFUXVKHULVFKDUJHGWKHVS

LQURWDWLRQVWRSV 

DQGGXULQJWKHSHULRGRIFUXVKLQJDOPRVWJ\UDW

RU\PRYHPHQW 

GRPLQDWHV+RZHYHUJUDGXDOO\E\SDVVLQJWKHFU

XVKHG2UH 

WRZDUGRXWSXWDQGFUXVKHUXQORDGVVSLQURW

DWLRQLQFUHDVHV 

JUDGXDOO\,Q)LJGLDJUDPVRIVKDIWVSLQURWDWLR

QDOVSHHG 

YHUVHVGLIIHUHQWWLPHVDUHSORWWHG7KHPHQW

LRQHGVSHHGLV 

UHFRUGHGDERXWWZRPLQXWHVDIWHUFKDUJHRIRU

HVLPXOWDQHRXV 

ZLWKWKHFRPSOHWHH[LWRIRUH,WFDQEHVHHQZKH

QLURQRUH 

FRPSOHWHO\OHDYHVWKHFUXVKLQJDUHDVSLQURW

DWLRQDOVSHHG 

YDULHVEHWZHHQWRUSPRQGLIIHUHQWGDWHV7KL

VVSHHG 

DSSURDFKHVLWVDV\PSWRWLFYDOXHDERXWUSPWK

UHHPLQXWHV 

DIWHUH[LWRIRUH,WLVLQWHUHVWLQJWKDWWKLV

YDOXHLVDSURSHU 

IUDFWLRQRIJ\UDWRU\VSHHGUSP7KHUHIRUHLWFDQ

EH 

FRQFOXGHGWKDWSUREDEO\DGLUHFWFRQWDFWKD

SSHQVEHWZHHQ 

VKDIWDQGERWWRPHFFHQWULFEXVKLQJRURLOVKH

DUVWUHQJWK 

EHWZHHQFRQWDFWVXUIDFHVIRUPVIULFWLRQDOW

RUTXHZKLFKOHDGV 

WRVSLQURWDWLRQDORIVKDIW2EMHFWLYHREVHU

YDWLRQRIVXUIDFHRI 

EXVKLQJDQGVKDIWFLUFXPVWDQFHLQGLFDWHVGD

PDJHVLQWKHVH 
DUHDVZKLFKFRQILUPVDERYHPHQWLRQHGK\SRWKH

VLV 
 

 
)LJ$YLHZRILQSXWRIFUXVKHULQZKLFKFKDUJHGZLW

KLURQRUH 
 

 
)LJ&KDQJHVRIVKDIWVSLQVSHHGRYHUWKHWLPHDIW

HUFKDUJLQJRUH 

C.Finite Element Simulation  
5HJDUGLQJILQLWHHOHPHQWSRLQWRIYLHZWKHH

QGSDUWRIVKDIW ORFDWHG LQ HFFHQWULF 

EXVKLQJ LV PRGHOHG DV D FRQVWDQW 

GLVSODFHPHQW DSSOLHG LQWR WKH VXSSRUW 

7KLV GLVSODFHPHQW 

HTXDOVPPDQGOHDGVWRDEHQGLQJPRPHQWRQVKDI

W7KLV 

PRPHQWPD[LPL]HVDWVSLGHUEXVKLQJ7KHUHIRUH3

VHFWLRQLQ 

)LJLVWKHPRVWFULWLFDOSRLQWRIVKDIW,Q)LJPRUH

GHWDLOV 

RIVFKHPDWLFDQGWROHUDQFHVRIVSLGHUEXVKLQJ

DWXSSHUSDUWRI VKDIW LV VKRZQ LQGHHG WKLV 

LV ZKHUH IDLOXUH KDSSHQHG 

'LDPHWHURIVSLGHUEXVKLQJ' PPDQGLWVOHQJWK O  

PP WKHUHIRUH /'   7KLV DFWV DV D VXSSRUW 

HQGXULQJEHQGLQJPRPHQW2QWKHRWKHUKDQGLW

KDVEHHQ 

VKRZQSUHYLRXVO\WKDWVSLQPRYHPHQWSUHYHQ

WVDXQLIRUP 

VWUHVVGLVWULEXWLRQRQDURXQGVKDIWFLUFXP

IHUHQFH 
$FFRUGLQJWRWKHEHIRUHPHQWLRQHGGHVFULSW

LRQWRLPSURYH 

WKHOLIHRIWKLVYLWDOHTXLSPHQWUHVWUXFWXU

LQJLWVWRSEXVKLQJDV 

VKRZQLQ)LJLVUHFRPPHQGHG%\WKLVQHZEXVKLQJ 

PHFKDQLVPWKHXSSHUVXSSRUWDFWVOLNHDVSKH

ULFDOMRLQWDQG 

SUHYHQWVRFFXUUHQFHRIEHQGLQJPRPHQWLQWKL
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VDUHDRIVKDIW 

&RQVHTXHQWO\QRUPDOVWUHVVFDXVHGE\EHQGLQ

JGRHVQRW 
RFFXU 

 

 
)LJ&XUUHQWDQGSURSRVHGVFKHPDWLFRIVSLGHUEXV

KLQJ 
 

 
)LJ7KHGLIIHUHQFHEHWZHHQVWUHVVGLVWULEXWLR

QLQFXUUHQWDQG 
SURSRVHGEXVKLQJ 

 
)LJVKRZVVWUHVVGLVWULEXWLRQLQWKHFXUUHQ

WDQGVXJJHVWHG EXVKLQJ ,Q WKH FXUUHQW 

EXVKLQJ VWUHVV GLVWULEXWLRQ LV 

PD[LPXPDWHGJHVZKLOHLQWKHRIIHUHGW\SHLWLV

PLQLPL]HG WKHUH 2Q WKH RWKHU KDQG 

FRQVXOWDWLRQ ZLWK VRPH 

PDQXIDFWXUHUVPDNHVLWVXUHWKDWPDQXIDFW

XULQJWKHRIIHUHG EXVKLQJLVSRVVLEOH 
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7RLQYHVWLJDWHHIIHFWRIQHZGHVLJQRQVWUHV

VGLVWULEXWLRQLQ VKDIW ILQLWH HOHPHQW 

PRGHOLQJ LV SHUIRUPHG E\ XVLQJ 

$%$486DQGWKHUHVXOWVZLOOEHGLVFXVVHGLQEU

LHIDV 

IROORZV)LJVKRZVWKHPRGHORIPDLQVKDIWPHVKH

GZLWK 

OLQHDUKH[DJRQDOHOHPHQW)RUPRGHOLQJHODVW

LFPHFKDQLFDO 

SURSHUWLHVPHQWLRQHGLQPDQXDORIFUXVKHUD

UHDSSOLHG9RQ 

0LVHVVWUHVVFRQWRXUVDWGLIIHUHQWSDUWVRI

VKDIWDUHVKRZQLQ 

)LJEDVHGRQFXUUHQWEXVKLQJVWUXFWXUH,WFDQ

EHVHHQWKDW WKH PD[LPXP DPRXQW RI VWUHVV 

RFFXUV ZKHUH WKH VKDIW 

GLDPHWHUFKDQJHVXQGHUWKHVSLGHUEXVKLQJ$O

VRWKHUHLVD 

KLJKVLPLODULW\EHWZHHQOLQHVRIFRQWRXUVRIIL

UVWSULQFLSDO 

VWUHVVDQGOLQHVRIERXQGDULHVRIFUDFNJURZW

KDUHDVRQ 
IUDFWXUHGVHFWLRQ 

 

 

)LJ)LUVWSULQFLSDOVWUHVVFRQWRXULQFULWLFDOV

HFWLRQRIVKDIW VHFWLRQ3 

 
) LJ0DLQVKDIWRIFUXVKHUPRGHOHGE\ILQLWHHOHPHQW 

 

 
) LJ9RQ0LVHVVWUHVVFRQWRXUVLQVLPXODWHGVKDI

W  
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)LJ)LUVWSULQFLSDOVWUHVVFRQWRXUVRIFXUUHQW

VLWXDWLRQDQGDIWHU FKDQJLQJEXVKLQJW\SH 
 
1RZ E\ DSSO\LQJ SURSRVHG FRUUHFWLRQ ILQLWH 

HOHPHQW 

VLPXODWLRQVZLWKWKHVDPHORDGLQJFRQGLWLR

QDVWKHSUHYLRXV 

VLPXODWLRQFDUULHGRXWDQGWKHUHVXOWVDUH

FRPSDUHGZLWKWKH 

FRUUHVSRQGLQJYDOXHV)RUH[DPSOHLQ)LJILUVWSU

LQFLSDO 

VWUHVVFRQWRXUVDUHVKRZQIRUWKHVHWZRVLPX

ODWLRQV 
&RPSDULQJQXPHULFDOUHVXOWVVKRZVWKDWE\

DSSO\LQJWKH 

QHZFRQGLWLRQVWKHSULQFLSDOVWUHVVZKLFKLV

DOPRVWHTXLYDOHQW 

WRWKHQRUPDOVWUHVVGXHWREHQGLQJRIWKHVK

DIWLVUHGXFHG7KH 

PD[LPXPYDOXHRIWKLVVWUHVVUHGXFHVIURPDERX

WWRDERXW 

UHDFKLQJDERXWRIWKHSUHYLRXVYDOXH1RZORDG

LQJ 

GXHWRFUXVKLQJRILURQRUHVKRXOGEHLPSRVHGW

RWKHPRGHO 

WKHQFRUUHVSRQGLQJVWUHVVRQWKHFXUUHQWE

XVKLQJPRGHODQG 

WKHVXJJHVWHGPRGHOLVFRPSDUHG7KHIDFWLVWK

DWWKHUHDFWLRQ ORDG LPSRVHG IURP RUH ZKLFK 

LV FUXVKHG FRXOG QRW EH 

GHWHUPLQHGHDVLO\,WVDFWXDODPRXQWDQGVLW

XDWLRQGHSHQGVRQ 

VWUHQJWKDQGORFDWLRQRILURQRUHLQVLGHWKH

FUXVKHU+RZHYHU 

WRGHWHUPLQHZKHUHWKHORDGLPSRVHGWRWKHV

KDIWWKHFUXVKHU 

LVPRQLWRUHGIRUDZKLOHDQGLWLVILOPHG2EVHUY

DWLRQVFRQILUP 

WKDWWKHPDMRUSDUWRIFUXVKLQJRFFXUVQHDUW

KHH[LWDUHDRI 

FUXVKLQJDUHDZKHUHWKHRSHQLQJLVYHU\QDUURZ

,WVKRXOGEH 

QRWHGIRUODUJHVL]HRIVWRQHVFUXVKLQJORDGDF

WVRQXSSHUDUHD 

RIVKDIW+RZHYHUWKHSRVVLELOLW\RIDFFXUDWHP

RGHOLQJRIWKH 

DFWXDOORDGRQWKHVKDIWLVQRWSRVVLEOH<HWL

QWKLVSKDVHRI 

VWXG\DQDVVXPHG1ORDGLVFRQVLGHUHGDQGLPSR

VHGWR 

WKHPRGHODWWZRGLIIHUHQWSRLQWVRQVKDIWOH

QJWKRIVKDIW IURPERWWRPDQGOHQJWKRIVKDIW 
5HVXOWVRIWZRPRGHOLQJFXUUHQWDQGVXJJHV

WHGEXVKLQJDUH 

FRPSDUHGDVZLOOEHPHQWLRQHG&RQVHTXHQWO\/

RDGUHDFWLRQ PRPHQWV DQG VWUHVVHG 

FUHDWHG LQ HDFK XSSHU DQG ORZHU 

EXVKLQJVIRUPHQWLRQHGORDGLQJDUHHYDOXDWH

GDQGFRPSDUHG 
&RPSDULQJVWUHVVYDOXHVVKRZVWKDWE\WKH

LPSOHPHQWDWLRQ 

RIWKHSURSRVHGPHWKRGVWUHVVHVFDXVHGE\FUX

VKLQJORDG 

VLJQLILFDQWO\UHGXFHVVLPLODUWRVWUHVVHVF

DXVHGE\HFFHQWULF 

PRYHPHQWDWXSSHUEXVKLQJ+RZHYHULWLVIRXQG

WKDWVWUHVV 

GRHVQRWGHFUHDVHDWWKHORZHUEHDULQJHYHQ

LQFUHDVHV2I 

FRXUVHWKLVDPRXQWRILQFUHDVHGHSHQGVRQZK

HUHFUXVKLQJ 

ORDGDFWVRQ,QIDFWZKDWHYHUFUXVKLQJORDGLV

FORVHUWR ERWWRP WKLV LQFUHDVH EHFRPHV 

PRUH LQVHQVLEOH DW ORZHU 

EXVKLQJ)RUH[DPSOHZKHQWKHFUXVKLQJIRUFHLVD

SSOLHGDW 

IURPWKHERWWRPRIWKHVKDIWVWUHVVDWORZHUE

XVKLQJ 

ZKHUHWKHVKDIWVHWWOHVIRUWKHVXJJHVWHGP

RGHOLVWLPHVRI 
WKHFXUUHQWRQH 

 

ƱŚƣŚţŚƿŭźƏŚŝŚƷƂƴţ 
ƾƬƘ

Ɵ  

ƱŚƣŚţŚƿŭźƏŚŝŚƷƂƴţ 
įŵŚƸƴƄǀě 

 

&XUUHQWGHVLJQ

RI EXVKLQJ 

 URSRVHGGHVLJQRI 
EXVKLQJ 

Journal of Functional Materials
ISSN: 1001-9731

Volume 31 | Issue 6 | Year 2024
https://journaloffunctionalmaterials.com/

© 2024 Journal of Functional Materials. All Rights Reserved. Page 41



 
)LJ$YLHZRISODFHRIORDGFDXVHGE\FUXVKLQJRILURQR

UHRQ PDLQVKDIW 

,9&21&/86,21 

W\SH RI IUDFWXUHG VXUIDFH WKDW LV PRQLWRUHG 

ZLWK QRQ 
GHVWUXFWLYHPHWKRGOLNHGHWHUPLQLQJFUDFN

VE\SHQHWUDWLQJWHVW 

FRXOGSURYLGHXVHIXOLQIRUPDWLRQDERXWFUDF

NJURZWK:LWK 

WKLVPHWKRGLWFDQEHSUHGLFWHGZKHQXOWLPD

WHIDLOXUHKDSSHQV 7KHUHIRUH EHIRUH 

UHDFKLQJWR XOWLPDWH IDLOXUH HTXLSPHQW 

FRXOGEHVWRSSHGWRSUHYHQWRWKHUFRPSRQHQW

GDPDJHV 

$&.12:/('*0(17 

$XWKRUVZRXOGOLNHWRDSSUHFLDWHPDQDJHUD

QGH[SHUWVRI 

SURFHVVLQJGHSDUWPHQWRI*ROJRKDUPLQLQJDQG

LQGXVWULDO&R 

DQG*RKDU5DYHVK&RIRUWKHLUFRRSHUDWLRQWR

SHUIRUPWKLV VWXG\ 

 5()(5(1&(6 

 ' %URHN Elementary Engineering Fracture Mechanics &OXZHU 
$FDGHPLF3XEOLVKHUV 
 % $ :LOOV DQG 7 1DSLHU0XQQ   &UXVKHUV Mineral Processing 

Technology" (Seventh Edition) HG 2[IRUG 

%XWWHUZRUWK+HLQHPDQQ 
SS 
 KWWSZZZH[FHOIRXQGU\FRP 

 5$%HDUPDQDQG&$%ULJJV7KHDFWLYHXVHRIFUXVKHUVWRFR

QWURO SURGXFW UHTXLUHPHQWV Minerals Engineering, YRO  SS   

 0 /LQGTYLVW DQG & 0 (YHUWVVRQ 'HYHORSPHQW RI ZHDU 

PRGHO IRU FRQHFUXVKHUVWear, YROSS 

 3 3 5RVDULR 5 $ +DOO DQG ' 0 0DLMHU /LQHU ZHDU DQG 

SHUIRUPDQFH LQYHVWLJDWLRQ RI SULPDU\ J\UDWRU\ 

FUXVKHUV Minerals  
Engineering, YROSS 
 3 3 5RVDULR 5 $ +DOO DQG ' 0 0DLMHU ,PSURYHG J\UDWRU\ 
FUXVKLQJRSHUDWLRQE\WKHDVVHVVPHQWRIOLQHUZHDUDQ

GPDQWOHSURILOH 
UHGHVLJQMinerals Engineering, YROSS 
 0 /LQGTYLVW (QHUJ\ FRQVLGHUDWLRQV LQ FRPSUHVVLYH 

DQG LPSDFW 
FUXVKLQJRIURFNMinerals Engineering, YROSS 
 *ROH*RKDUGRFXPHQWDWLRQ*\UDWRU\FUXVKHUPDQXDOHG 

(LJKWK(GLWLRQ0F*UDZí+LOO3ULPLV 
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