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$ VWXG\RQ WKH PRGHOOLQJ DQG YDOLGDWLRQ RI
UHVXOWV HPSLULFDOO\ XVLQJ ORFDOO\
DYDLODEOH PDWHULDOV LQ .HQ\D ZDV FDUULHG
RXW >@ ,Q WKH VWXG\ VWUHVV UHGXFWLRQ RI
ZDV DFKLHYHG E\ PRGLI\LQJ WKH SURILOH RI WKH

3HOWRQ EXFNHW $
UHF\FOHG$DOXPLQLXPDOOR\ZDVIRXQGZDVWRZLW
KVWDQG WKH VWUHVVRI  03DSURGXFHGE\

WKHJHQHUDWHG N:RI SRZHU >@ $ 3LFR 3HOWRQ
WXUELQH ZDV GHVLIQHG DQG PDQXIDFWXUHG
XVLQJ FKRSSHG JODVV ILEUHV UHLQIRUFHG HSR[\
PDWUL[ FRPSRVLWH DV WKH EXFNHW PDWHULDO >@
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FDSDFLW\VWRUDJHWDQNLQDVWRUH\WRZHUZDVXV
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WXUELQH ,Q WKH VWXG\ N: ZDV JHQHUDWHG RXW
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ZRUNVKDYHEHHQVWXGLHG+RZHYHURQO\OLWWOH
LVNQRZQZKHQ LW FRPHV WR DOXPLQLXP DOOR\V
DQG WKHLU FRPSRVLWHYV IRU WKH
IDEULFDWLRQRID3HOWRQWXUELQHEXFNHW&RQVL
GHULQJWKHSUHVHQW DSSOLFDWLRQ RI
DOXPLQLXP DOOR\V DQG WKHLU FRPSRVLWHV
K\SRWKHWLFDOO\WKLVVWXG\VHHVWKLVJURXSRIP
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LQ3HOWRQWXUELQHEXFNHWDSSOLFDWLRQ

A.Application of A356 Alloy and A356-SiCp Composite
Suitability for a Pelton Turbine Bucket

3UHYLRXV VWXGLHV RIK\GUR WXUELQH
SODQWV UHYHDOHG WKDW VLOW HURVLRQ
DITHFWV WKH XQGHUZDWHU FRPSRQHQWV ZKLFK
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2YHUDSHULRGRIWLPHVHGLPHQWZLWKVLOWDQG
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VDQGDVWKHFRPSRQHQWVVHWWOHLQWKHUHVH
UYRLUVRUEDVLQV7KLV ~ SUREOHP PXVW EH
WDNHQ FDUH RI ZLWK WKH XVH RI VHGLPHQW
VHWWOLQJV\VWHPVLQSRZHUSODQWV+RZHYHUD
ORWRIXQVHWWOHG
VHGLPHQWSDVVHVWKURXJKWXUELQHVHYHU\HD
UDQGWXUELQHSDUWYV DUH H[SRVHG WR VHYHUH
HURVLRQ 7KLV  VHGLPHQW VKRXOG EH
SUHYHQWHGIURPSDVVLQIWKURXJKWKHWXUELQ
HE\LQFRUSRUDWLQJ WKH VHGLPHQW VHWWOLQJ
V\WVWHPV LQ WKH SRZHU SODQW +RZHYHU WKHUH
DUH VWLOO SRVVLELOLWLHV RI XQVHWWOHG
VHGLPHQW SDVVLQJ
WKURXJKWKHWXUELQHDQGWKLVRFFXUUHQFHFD
XVHVVHULRXVHURVLRQ
WRWKHQR]]JOHV\VWHPDQGWKHWXUELQHEODGHE
XFNHW

B. Functionally Graded Manufacturing Technique:
Centrifugal Casting Technique

7KH FHQWULIXJDO FDVWLQJ WHFKQLTXH ZDV
FKRVHQ GXH WR LWV PHFKDQLFDO DQG
PLFURVWUXFWXUDO HQKDQFLQJ DGYDQWDJHV
7JKH  SURFHVV ~ DLGV  PLFURVWUXFWXUH
JUDGLHQW DQG KDUGQHVV LQ DOOR\V
HYHQZLWKRXWUHLQIRUFHPHQWDQGWKHUHIRUH
JLYHVWKHPDWHULDOD EHWWHU ZHDU DQG
FRUURVLRQ UHVLVWDQFH >@ 7KH PHFKDQLFDO

SURSHUWLHVRIDOXPLQLXP+VLOLFRQDOOR\VDUH
RIWHQLPSURYHGE\ FDVWLQJ WHFKQRORJ\ >@
4XLWH RIWHQ K\SRHXWHFWLF DQG QHDU
HXWHFWLF$O6LDOOR\VDUHDSSOLHGZKHQFRUUR
VLRQUHVLVWDQFHDQG
JRRGFDVWDELOLW\DUHQHHGHGZLWKDVPDOODPR
XQWRIOJDQG&X IRU  KHDW  WUHDWPHQW
HQKDQFHPHQW ,W KDV EHHQ UHYHDOHG WKDW
FHQWULIXJDOFDVWLQJFDQLQFUHDVHUXSWXUHVW
UDLQE\DQG
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7KHVWXG\LVPHWKRGLFDOO\GLYLGHGLQWRWKU
HHIDEULFDWLRQRI ~WKH 3HOWRQ WXUELQH
EXFNHW  SHUPDQHQW  PRXOG FHQWULIXJDO
FDVWLQJ RI WKH EXFNHW DQG
FKDUDFWHULVDWLRQ RI WKH 3HOWRQ
WXUELQHEXFNHWPDWHULDOV

A.Fabrication of Pelton Turbine Bucket

7KHIDEULFDWLRQRIWKH3HOWRQWXUELQHEXFN
HWKDVWZRVWDJHV
3URGXFWLRQRISHUPDQHQWPRXOGDQGFHQWULIX]J
DOFDVWLQJRIWKH
3HOWRQEXFNHW7KHPRGHORIWKHEXFNHWLVVKRZ
QLQ)LJ ,Q WKLV VWXG\ WKH EXFNHW ZDV
GHVLJQHG IRU D FDSDFLW\ RI
N:WXUELQHSRZHU

3URGXFWLRQRIORXOG

7KHPRXOGZDVGHVLIQHGZLWK6ROLGZRUNVVRIW
ZDUHZKHUH
WKH,*(6ILOHVRIWKHPRXOGFRPSRQHQWVZHUHJHQH
UDWHG7KH SDUWYV RI WKH PRXOG ZHUH PDFKLQHG
DFFRUGLQJ WR WKH VSHFLILFDWLRQV LQ ,QLWLDO
*UDSKLFV ([FKDQJH 6SHFLILFDWLRQ
,*(6ILOHV7KH&$'RIWKHPRXOGDVGHVLIQHGDQGSUR
GXFHG
DUHVKRZQLQ)LJVDDQGEUHVSHFWLYHO\
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)LID([SORGHGGLDJUDPRIWKH3HOWRQEXFNHWPRXOGDVGHVLJQHGE([SORGHGGLDJUDPRIWKH3HOWRQE
XFNHWPRXOGDVIDEULFDWHG
RO& EHIRUH LQVHUWLQJ LW LQWR WKH $ PROWHQ
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(OHPHQW & 0Q &U:9 OHUDWDVSHHGRI

USP7KHSDUWLFOHIHHGUDWHWRWKHPROWHQPHWD
OLVDERXWIJPV DQG WKH VWLUULQJ FRQWLQXHYV IRU

B. Centrifugal Casting ofPelton Bucket PLQXWHYV DIWHU WKH SDUWLFOHV
7KHFKHPLFDOFRPSRVLWLRQRI$XVHGLVVKRZQLQ7DE DGGLWLRQ
OH
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(OHPHQWYV &X 0] 0Q 6L )H 7L =Q $0
&DVWLQIRISSOOR\
&OD\ JUDSKLWH FUXFLEOH ZDV XVHG WR
SURFHVV $ DOOR\

+H[DFKORURHWKDQHZDVDSSOLHGDW&IRUGHIDVVL
QJRIWKH PROWHQ PHWDO WR SUHYHQW K\GURJHQ
HQWUDSPHQW 7KH PROWHQ
PHWDOZDVVXSHUKHDWHGWR & ZKLFKLVDERYHLW
VOLTXLGXV WHPSHUDWXUH EHIRUH SRXULQJ LW
LQWR D VSLQQLQJ PRXOG DQG D VWDWLRQDU\
UHFWDQJXODU PRXOG IRU JUDYLW\ FDVWLQJ 7KH

3HOWRQ )LI7KHIDEULFDWHG3HOWRQEXFNHWPRXOGFRPSRQHQ

EXFNHWSHUPDQHQWPRXOGZDVSUHKHDWHGWR&D wv

QGURWDWHG

DWUSPGXULQJSRXULQJDQGVROLGLILFDWLRQ7KHU ~ -QWKHPRXOGFRQILIXUDWLRQLWLVGHVLIQHGWRS

RWDWLRQ URGXFHWZR FDVWLQJV LQ RQH RSHUDWLRQ 7KH

ZDVVWRSSHGILYHPLQXWHVDIWHUSRXULQJ DUUDQJHPHQW LV VXFK WKDW WKH
IDFHVDUHLQWKHVDPHGLUHFWLRQDVGHSLFWHGLQ

&DVWLQJRI$6L&S&RPSRVLWH LI

7KHVDPHPHOWLQJFRQGLWLRQVIRUWKH$DOOR\DV
VWDWHG DERYH ZHUH IROORZHG IRU WKH FDVWLQJ
RI WKH $6L&s
FRPSRVLWH7KHOP6L&SDUWLFOHZDVSUHKHDWHGW
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KDUGQHVV ~ VWUHQIWK  DQG GXFWLOLW\
)LI&HQWULIXJDOFDVWLQJPDFKLQHZLWKDQRSHQHGPR HQKDQFHPHQW 7KH VSHFLPHQ ZDV KHDWHG WR [&

XOGLQZKLFK DQG KHOG IRU IRXU KRXUV DQG TXHQFKLQJ LQ
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HVWLIDWLRQZDV IRU HLJKW KRXUV DQG
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QGERWK  KDOYHV  ZHUH  SUHSDUHG IRU DUWLILFLDO

PLFURVWUXFWXUDO H[DPLQDWLRQ DQG
KDUGQHVVWHVW7KHVDPSOHVIRUWKHPLFURVWUX
FWXUDOYLHZZHUH  SROLVKHG XVLQJ WKH
IROORZLQJ JULWV  RI  SROLVKLQJ  SDSHU
FRQVHFXWLYHO\DQG7KHSDSHU
SROLVKLQJZDVIROORZHGE\FORWKSROLVKLQJZLWK3
P3P DQG 3P 6L&s SDUWLFOH SDVWH 7KH SROLVKHG
VDPSOH 7DV Time ()
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7KHVHFRQGKDOIRIWKHVDPSOHZDVSUHSDUHGIRU UHSUHVHQWHGLQ)LJ4XHQFKLQJZDVGRQHDFFRUGL
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RIDQG7KHSUHSDUHGVDPSOHIRU VHFRQGV

WKHKDUGQHVVWHYWLVVKRZQLQ)LI7KHSROLVKHG 7KHVHSUHFDXWLRQDU\VWHSVHQVXUHWKDWWKH

VDPSOHZDV UHZDVQRIRUPDWLRQ

VXEMHFWHGWRNJIORDGRIWKH7LQXV20VHQKDUGQ RIDSUHPDWXUHSUHFLSLWDWH
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A.Casting of Pelton Bucket by Centrifugal Process

7KH GHIHFW FDXVHG E\ WKH FHQWULIXJDO IRUFH
RQ WKH FDVW
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EXFNHWZDVDPDMRUFKDOOHQJHDQGWKHGHIHFWLV
VKRZQ)LJ
D,QWKHVWXG\VHYHUDODWWHPSWVZHUHPDGHE\FK
DQJLQIWKH
SURFHVVYDULDEOHVEHIRUHDJRRGFDVWZDVPDGH,
QFHQWULIXJDO FDVWLQJ WKHUH LV WKH
WHQGHQF\ RI WKH VXUIDFH RI WKH FDVW
WRZDUGVWKHFHQWUHRIURWDWLRQWRIRUPDSDUD
ERODRIUHYROXWLRQ
DVGHSLFWHGLQWKHVFKHPDWLFLQ)LJE

PRXOG WHPSHUDWXUHYV ,Q WKLV ZRUN WKH

GHIHFW ZDV FRUUHFWHG VLIQLILFDQWO\ E\

JHRPHWU\ DQG )LJ VKRZV WKH GHIHFW IUHH
3HOWRQEXFNHWFDVW

C.Effect of T6 Heat Treatment and Centrifugal Casting
Technique on Hardness

$DOOR\ZKLFKKDVS$,6L0JLVZLGHO\XVHGLQ
HQJLQHHULQJ LQGXVWULHV LQFOXGLQI
DXWRPRWLYH DHURVSDFH DQG
PLOLWDU\DSSOLFDWLRQVIRUKLIKVWUHQIWKSDU
WV,WRIIHUVDJRRG FRPELQDWLRQ RI PHFKDQLFDO
SURSHUWLHV VXFK DV FDVWDELOLW\ VWUHQJWK
FRUURVLRQ UHVLVWDQFH DQG SUHVVXUH
WLIKWQHVV LQ ERWK
WKHSHUPDQHQWPRXOGDQGVDQGFDVWFRQGLWLR
QHVSLWHWKHVH
DWWULEXWHVLQPRVWFDVHV$DOOR\LVQRWXVHGD
VFDVWDVWKH
SUHVHQFHRIHXWHFWLFVLOLFRQFDXVHVLWWRSHU
[RUPEHORZRSWLPDO YDOXH *HQHUDOO\ WKH
PHFKDQLFDO SURSHUWLHV RI DOXPLQLXP DOOR\V
DQG FRPSRVLWHV DUH UHGXFHG E\ FRDUVH JUDLQ
FDYLWLHV
DQGQHHGOHVKDSHHXWHFWLFVLOLFRQORGLILFDW
LRQDQGUHILQHPHQW LPSURYHV WKHPHFKDQLFDO
SURSHUWLHV VXFKDV WHQVLOH VWUHQJWK
LPSDFW VWUHQIWK ZHDU UHVLVWDQFH DQG

)LI7TKHGHIHFWIUHH3HOWRQEXFNHWFDVW

B.Microstructural Examination

7KHPLFURJUDSKVRIEXFNHWVDQGLQ)LIVKRZVWK
H
VDPHJUDGLHQWWUHQGIRUERWKDOOR\DQGFRPSRVL
WHEXWWKHWUHQG
LQEXFNHWZDVLQWKHRSSRVLWHGLUHFWLRQRIEXF
NHW)RUWKH SXUSRVH RI EXFNHW SHUIRUPDQFH
GXULQJ RSHUDWLRQ HVSHFLDOO\
IRUZHDUUHVLVWDQFHEXFNHWLQ)LJLVSUHIHUUHG)
LV
DQGVKRZWKHSDWWHUQRIWKHJUDGLHQWLQEXFNH
WIRUWKH
DOOR\DQGFRPSRVLWHUHVSHFWLYHO\

KDUGQHVV VLIQLILFDQWO\ >@ >@ 9HU\ IDVW
VROLGLILFDWLRQ UDWH KHDW DQG FKHPLFDO
WUHDWPHQWYV DUH WKH WKUHH EDVLF PHWKRGV
RI HQKDQFLQJ WKH
SURSHUWLHV,QFKHPLFDOWUHDWPHQWDVPDOODPR
XQWRIVRGLXPLV
DGGHGWRWKHPHOWDQGWKLVFKDQJHVWKHHXWH
FWLFVLOLFRQSKDVH
PRUSKRORJI\URPFRDUVHDFLFXODUWRILQHILEURXV
7KLVSURFHVV
&HQWULIXJDO&DVWLQJ
7KHUDWHDWZKLFKFHQWULIXJHDIITHFWVWKHPLFU
RVWUXFWXUHRIDQ

HQKDQFHGWKHKDUGQHVVYDOXHRIERWK$DOOR\D
QG$
6L&sFRPSRVLWH7KHPD[LPXPKDUGQHVVRI%51ZDV
UHFRUGHG DW PP IURP WKH VXUIDFH RI WKH LQQHU
SDUW RI WKH
EXFNHWDQG%51ZDVUHFRUGHGLQWKHRXWHUUHJL
RQ

+HDW7UHDWPHQW
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7KH KHDW WUHDWPHQW RI § FDQ EH FODVVLILHG

LQWR WKUHH
EDVHGRQVRDNLQJWHPSHUDWXUHV6RDNLQJDWDK
LIKWHPSHUDWXUH RI

&>@>@VRDNLQIWHPSHUDWXUHVOLJKWO\EHORZW
KH HXWHFWLF WHPSHUDWXUH DW & >@>@ DQG
WKH VRDNLQJ WHPSHUDWXUH DW & 4XLWH RIWHQ
K\SRHXWHFWLF DQG QHDU
HXWHFWLF$O6LDOOR\VDUHDSSOLHGZKHQFRUURVL
RQUHVLVWDQFHDQG

JRRGFDVWDELOLW\DUHQHHGHGDQGZLWKDVPDOOT
XDQWLW\RIOJ DQG &X IRU KHDW WUHDWPHQW
HQKDQFHPHQW ,Q FHUWDLQ KHDW WUHDWPHQW
FRQGLWLRQV DV LQ WKH FDVH RI WKH 7

WUHDWPHQW RI
$SUHFLSLWDWLRQRIOJSLDQGWKDWRIVLOLFRQRFFX
U>@

7KH KDUGQHVV RI ERWK WKH DOOR\ DQG
FRPSRVLWH VDPSOHV LQFUHDVHG DSSUHFLDEO\
DIWHU WKH KHDW WUHDWPHQW  OD[LPXP
KDUGQHVV DQG %51 IRU WKH DOOR\ DQG
FRPSRVLWH
UHVSHFWLYHO\ZDVUHFRUGHGDWDERXWPPIURPWK
HLQQHUIDFH LQ ERWK VDPSOHV /HVVHU KDUGQHVV
YDOXHV ZHUH UHFRUGHG DW
DERXWPPIURPWKHLQQHUVXUIDFHLQDOOWKHVDPS
OHV7KLVLV
GXHWRWKHUDSLGVROLGLILFDWLRQDWWKHLQQH
UVXUIDFHSHULSKHU\
IDFLOLWDWHGE\FRROLQJFDXVHGE\PRXOGURWDWL
RQ7KHKDUGQHVV LQFUHDVH UHFRUGHG LV GXH WR
VXSHUVDWXUDWH VROLG VROXWLRQ
SURGXFWLRQWKDWRFFXUUHGGXULQJWKHVRDNLQ
JRISDOOR\DW
&IRUIRXUKRXUV7KLVSURFHVVFDXVHVWKHGLVVR
OXWLRQRI KDUGHQLQJ HOHPHQWVO0J6L LQ WKH
PDWULJ[ LQWR JOREXODU
SULPDU\J[$OVSKHURLGLVDWLRQRIHXWHFWLFVLOLF
RQDQGFDVWLQJ
KRPRJHQLVDWLRQ>@)LIVKRZVWKHKDUGQHVVWU
HQGVLQWKH
VDPSOHV
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)LI%ULQHOOPLFURKDUGQHVVSORWIRUD$SDOOR\DVFD
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