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&RXQWULHV $GRSW $XWRPRELOH )XHO EMIIZGIBIQYGRDVY DQG VWUHQJIWK ZLOO ¥
DV WKHLU SRWHQWLDO IRU UHGXFLQJ S

$ GHFDGH DJR WKH (XURSHDQ 8QLRQ HQWHUHG LQWR D VHULHV RI
YROXQWDU\ DIJUHHPHQWY NQRZQ DV 810D WHKULOXQ\R SWEQ3IRERYVLQJ
$XWRPRWLYH )XHO (FRQRP\ 3ROLF\ ZLWK DVVRFLDWLRQV RI
DXWRPRELOHJIRDQ XWEKBPWXVHOO YHKLFORKHIUG WHKH (XUREMINMDED 8 V WRH H DKW k
PDUNHW WR WDGXOSH S&2 HPLVVLRQV 7 KW L R VUX\HPG QW \D XWRPRWLYH FRQVW L
DSSOLHG WR HDFK PDQXIDFWXUHUYV QHZ YHKLFOH IOHHW DQG VHW DQ
LQGXXYMBH WDUJHW RI SIWWD PNL GRR P& EDJQHVLXP

O NP RU 7K$J RULJLQDO DJUHHPHQWDZEWR &RHSRVLWHYV
(XURSHDQ &DU ODQXIDFWXUHUV $VVRELBWVUWQ *UIR\($URKD G DQ

LQLWLDO FRPSOLDQFH GDWH RI ZKLHOSIOWRHQHXWLDQ PDQXIDFWXUHUYV
UHSUHVHQWHG E\ 6RXWK .RUHDQ DQ®H 6VDBIDQHVH DVVRFLDWLRQV
.$0$ DQG -$0% ZHUH JLYHQ XQWLO W R XFRWPISGH LURQ

+RZHYHU DXW ROFRDMW HPBIW W LVMBKH YROXQWDBK VRD UNKW PRWHULDOV OLVWHG DE
WKH (XURSHDQ &RPPLVVLRQ KDV @RZ VSINW PFROUPEOIVF R UK KDL D AN VRAQL FAV KLOQA W
-XQH WKH &RXQFLO RI (QYLURQPHOQW®Y DIQW.IVIWHWURI HROFAKDDIOQO EH KLJKOLJ
DGRSWHG D UHVROXWLRQ WR DSSURYH WKH VKLIW WR PDQGDWRU\
VWDQGDUGYV DQG DQ LQWHJUDWM®E DSSDRPHFKLKMBN DEKHBYH/ORZO\ JDLQLQJ
O NP RU PSJ ZLWK DXWR P DNXMRP ROFIKYLH YLRSIOLFDWLRQV ,WV OR
IJNP O NP RU PSJ WKURXJKNHMWHEWQREDIOGHDO FDQGLGDWH IRU
LPSURYHPHQWVY DQG WKH UHPDLQLQJ WUDQWAHERRERBVIUWRPODFNY DOXPLQXP
FRPSOHPHQWDU\ PHDVXUHV 7KH IXOO @& N MWQUD MM JX QWK LUMIGEXFH U HQJILQH E
HPLVVLRQV IURP FDUDDEDH YOQOL QM DIM®IOL MDKMLRQYV ,W DOVR UHTXLUHV ¢
UHJXODWLRQ > @ FRUURVLRQ ZKHUHDV DOXPLQXP KDV
UHVLVWDQFH 3URE D EBDM\HWRKIHP B L JUHHWIVX F
7KH 8 6 1V &$)( &RUSRUDWH $YHUDJBIYDKEBDELPRWRPDOWKRXJK LW LV QRW
VWDQGDUG ZDV DGRSWHG LQ DQG FFOMQSULGDWKBG\ S\WUUHI HAWHDGY M REXW F D ¢
LPSURYH IXHO PLOHDJH IRU DXWRPRELPBWHQLWEY @DNH GR WKMLWWDEQG PDJ
RLO FULVLV RI $V WLBKHHNKUHYG EGRRHWLERDFK FRQWDLQ DERBRKW2FHBDR
PDQGDWHG WKH UHGXFWLRQ RI FRPPRDIDNHW OOR G H AR{HOD R X VIHE R X W P
*DVHV ™ *+* VXFK ADWERQ GLR[LGH DQG 12]
QLWURJHQ RIVETH SWRGXFW RI IRVVLO &PHERQRPEXNW 5RIQQIRUFHRBDYRROAHRB|
DQG 12[ LV D SURGXFW RI KLJK WHPRNW /G YDHIQ WRBERRX WKWNUWB\PURK RI DQ

UHDFWLRQV PDWHWW®@HIJDWLYH DVSHFW LV WKDW
DOXPLQXPURRIXKVW DQG FDVW IHUURXYV
([LVWLRGLILFDWLRQV HIIRUW LV EHLQJ H[SHQGHG WR PDN

HITHFWLYH ORVW RI WKH YLUJLQ ZRYH
$SWWHPSWV DW UHGXFLQJ IXHO FRQVXEMIR ® KD YL/ BHMHHE DA B SWHIGRV SDF H
RYHU WKH GHFDGHV LQFOXGLQJ GHFUHBMMHIVWKH @XRERRRE L G MYL Q GEHR/G X BR
WR UHGXFH HQJLQH EORFN PDVV 3URPBREWWKH&PRVWFYDE ZIKEDKQ WK RR/G G
DQG VXFFHVVIX0O ¥YROQX VEIURE WFO'GIWVWH PRWWPRRWIWH DSSOLFDWLRQV VLQFH
HIFFWLYH KDQIHEHHQ WKH LQWHJUDWLR QPR W WXIUE® RKDHM HIRW VKR YH WKH VWU XF
IRXU DQG VL[ F\OLQGHU JDVROLQH DQ® RXQLH VIHEH i GRM\PW AR PEUQGHK® VVLV RU
ZLWK VL[ VHYHQ HLJKW RU HYHQ $£QWHKR X®OGWWHQXWHE MER PDQXIDFWXU
WUDQVPLVVLRQV 7KDW DSSURDFK DOVE8RHDNQRVP LISIOW \ BVBIHIRYLID 0D @QW WRKHH L
HFRQRP\ VWDQGDUGY DUH DSSOLHG WR ODUJHU SDVVHQJHU YHKLFOHV
DQG MIR@ SLENXS WUXFNV 2QH Rl WKH PDMRU REVWDFOHRVLIBIFLQ.

B8VBURGXFWV (283V VWDWHG LQ (/9 'L
KHUH OLJKW WUXFNV DUH FRQFHUQHG7KRQ HG RUMH K\ VY W X ENDWKIHABY WDHSE O LF D E O |
DOXPLQXP IRU VWHHO ERG\ SDQHOV DQ-® HPDOHWXKDW VD YRR DY MIXWRPRELOH ZK

SRXQGV WR NJ KDV EHHQ UHS\®PWWHBX VAR ZHY HHF ERIGUVRBON IDIQ G W B F

SDQHOV DUH MXVW RQH FRPSRQHQW WXEMW FI\G SWR[SRIMB®ALDO RHLDIKWDXW
UHGXFWLRQ 7KHUH DUH PDQ\ RWKHUHUWRRY NUGDRWRY RXWIBPOEH QGIW KH. U \
FDQGLGDWHVY IRU ZHLJKW UHGXFWLRQPIYWHKLDOWXVSHQVLRQ SDUWYV
WUDQVPLVVLRQ DQG WUDQVIHU FDVHV VWUXFWXUDO DQG VSDFH IUDPH
FRPSRQHQWY 6RPH ZLOO HEW IDEUAFEWRLREDVWHIWKREHHQ WKH PDWHULDO IR
FDVWLQJY DQG VWLOO RWKHUV IRUJLEDRF,NV HRHWUGABYB HVK H WLWPIDG&H BN EH
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DGHTXDWH VWUHQJWK IRU JDVROLQH EXM RMRW XRH GG LIHY H@KHQ BLOQHW I'KB FD L
WR LWV GDFW RMWUWHQJIWK DQG WKH IDFWXWWBWSHV LY J QRO W R FIRIPGO\LVH D

KDUGHQHG E\ KHDW WUHDWPHQW LW DKDG/ VRIGUXPHGLWESWIHF PWRIRX OB  $
VWUHVVHG FRPSRQHQWYV $V IRU KHDW WHFNPOWHPE GWWU B 8 W DR R 8 RO XMW DR Q V
KHDW WUHDWHG WR LQFUHDVH KDUGQHVR EWWHOW OGRBR\UEFHLOHPW Q W WPHD
VXFK DV DQQHDOLQJ RU QRUPDOL]LQJSWR GXFHKD © BR SHAKILIQ\D EXIODW\ZLOO Hl
6WUHVV UHOLHY LY JIJDDMRHYHAHCOFRIFPIRQ LPSURYH WHQVLOH VWUHQJWK DQG KD

([DPSOHV RI FDVW JUD\ LURQ DXWRPRWI$XN IHRIRSRQHH QRO DH. QLWHVWLOO D
PLVXQGHUVWDQGLQJ RI WKH PLFURVW

¥ (QJLQH EORFNYV TXHQFKHG LQ KRW VDOW FRPSDUHG WF
¥ %YUDNH URWRUYV DOOR\V <HDUV DJR LQYHVWLJIJDWRUYV Z
¥ &aRQVWDQW YHORFLW\ MRLQW KRXVLQWKH IHUULWH )H & DXVWHQLWH PLFUR\
¥ ([KDXVW PDQLIROGYV VRPHYKD FDOOHG LW 3XSSHU EDLQLW
¥ TUDQVPLVVLRQ FDVHYV LVRWKHUPDOO\ KHOG DERYH WKH 0V S
¥ &\OLQGHU KHDGYV IRUP EDLQLWH )XUWKHU LW LV VDLG

FDUEHR@LFKHG VWDEOH DXVWHQLWH IR
$OXPLQXPPRUH H[SHQVLYH WR PD®X|DFWRCHH KD BIQF D \GREUH B HENKNW WIDEOGH D X VW
KDV DQ DWW UDFRHLIKW WDMQRNVRQG WWKUWISRIHQW DY aDZU\QRZLF] > @ DV LC
FROQWLQXHG WR VHH PRUH DSSOLFDWLRP@ ILQ YOXWWRR R B LDEGE FB WX RNVW K D \
OXFK RI LW LV UHF\FOHG DQG LW DOVR Q6 TKUWIKHFDE EIRKU BIRQWWW FRUPLIP D QG LV
DQG FRDWLQJ WHFKQLTXHVY 6HULHV WHPSBQDBWXUBRDVWKKRLUIEHU WDLQLWH
KDUGOIEE VROXWLRQ WUHDWLQJ UDSLGQDBIWWUNKMHQREK KOG GIDWKWHPSHUDW
QDWXUDO RU DUWLIBFLURPK BHDMHVDJQRQ@YHU WKDQ LV SHUKDSV SUDFWLFDO
ILQGLQJ DSSOLFDWLRQ LQ VWUXFWXUDO DQG ERG\ SDQHOV RI YHKLFOHYV
$ OHVV WDQJLEOH HIIHFW RI PDWHULDO VHOHFWLRQ LV VRXQG
FRQGXFWLRQPD\ RRVNUVNOWKH LGHDO SURSHUWLHV EXW
WUDQVPLW XQGHVLUDEOH VRXQG DQG YLEUDWLRQ WR WKH SDVVHQJHU
FDELQ

6WHHO DQG IHOWRDMOWRYW KLIJKHVW SHUFHQWDJH RI

DSSOLFDWLRQ LQ FDUV DQG WUXFNV VLPSO\ EHFDXVH RI LWV ZLGH UDQJH
RI VWWERHIMWKW UHODWLRQVKLS WKURXJK LWV GLYHUVH KHDW
WUHDWLQJ RSWLRQV +6/$ +LJK 6WUHQJWK /RZ $OOR\ JUDGHYV

KDYH IRU \HDUV EHHQ XVHG LQ VXEVWUXFWXUHV RI FDUV DQG WUXFNV LQ
WKH 8 6 7KH PRUH UHFHQW XVH RI KLJKHU KDUGHQDELOLW\ DOOR\
VWHHO KDV EHHQ GLUHFWHG WRDGULYHWUDLQ FRPSRQHQWV VXF
WUDQVPLVVLRQ DQG GLIITHUHQWLDO JHDUV ZKHUH WKH JRDO LV WR UHGXFH
JHDU PDVV UHVXOWLQJ LQ WKH JURZWK VHHQ ZLWK +3*4 +LJK

3UHVVXUH *DV 4XHQFK DQG LPSURYHG GLVWRUWLRQ FROWURO +3*4

KDV VHHQ LWV SULPDU\ JURZWK GXH WR LQFUHDVHG GEBYWRUWLRQ FRQWURO

UHTXLRIBMGVKH PRUH SUHFLVH DQG OHV.V, PDV H ULQJ |
PXOWBHHG WUDQVPLVVLRQV ,Q DGGLW% 21 VQ HW;LQHHG DD
WKDW LPSURYLQJ WKH KDUGHQDELOLW\} & HW gw\m(}(ﬁ
" ubw N RO L ML

SRLOW I

HQG PD\ UHGXFH RU HOLPLQDWH
Of H 0 OO0 EHORZ UR
(&)
PDFKLQLQJ JULQGLQJ RW WKL RW H QL@D 020k g Ka&fv’é CFURVW U X EW X
0,

RI WKH JURZWK RI +3%4 ZDV WKH XVH D® H
+RZHYHU DV WKH FDSLWDO FRVW DQG SHQE > uR¥ v VUHHFTV\;(T“
KDV LQFUHDVHG QLWURJHQ LV DJDLQ 6. E G 8 xb/ AR
WKH XVHU WR LPSURYH WKH KD W&HQ A F70\)P g@ ' QF Sy
KRUVHSRZHU IRU WKH IDQ PRWRUV WR P Px HFk RRYWEQY LW

KHOLXP ZRXOG KDYH WR EH LQFUHDVHGWER LRSUP FVRLFAR, OP S O¥wzhno Fo

", 'XFWLOH VSRELILFDOO\ $', 'XK\MNGHEFPR@@ FWHG E\ =DRBUS > )@QB W UMKR Z Q
,URQV D PDWHULDO WKDW KDV EHHQ D L ,Hvaéi[ F»-y %/M '})M'—J"
QHYHU VHHPHG WR JDLQ PDLQVWUHDP? H%% IE(]'H' SBPTE WR S )LJ“’W'-(
VWHHO RU ,OXWPYDKZ RQH RI WKH UHD r% \gg

EHHQ WKH QHJDWLYH SHUFHSWLRQ RI W i B W ISP LW KPb GH S REW Y WK H

WKH VDOWV XVHG WRGD\ DIUHHRXGE\ PARUHQ8 6 (3%
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Figure 2a Original version:
* GH 60-38-10 Pearlitic — Ferritic Cast Iron
* Machined Weight — 9.5 Kg
*Rp 02 (MPa), 370
* Rm (MPa), 590
A (%), 10

Figure 3a Original version:
* GH 60-38-10 Pearlitic — Ferritic Cast Iron
* Machined Weight — 8 Kg
*Rp 02 (MPa), 370

Figure 2b ADI Version:
* ISO 17804/75/900-8
* Machined Weight — 7.5 Kg
*Rp 02 (MPa), 600
* Rm (MPa), 900
4 (%), 8

Figure 3b ADI version:
* ISO 17804/J5/900-8
* Machined Weight — 5.9 Kg
* Rp 02 (MPa), 600

« Rm (MPa), 590 « Rm (MPa), 900
« A (%), 10 e A (%), 8
,Q DGGLWLRQ WR VWUHQJWK ', LV LQKHUHB®W @\ TX LPHPW KKHNVKNQLIMAMHHDO W R

DOWHUQDWLWHWYW GXHWIQFH RI 1JWDSKLWKHRZY DQUARFAVHVWHHRFKWDHREHUYV ZKLFK
VFKHPDWLF VKRZLQJ WKH UHODWLYH G®PUPRBERBEVWRIWRXEWMLWH DQRIGI DULHG WR W
VWHHO > @ SURWHFWLYH7RW ZRVUDIKGULKBEH LQVWDOO

IXURIVMFUDQJLQJ IURP NJ NURWR ORDGLQ

Figure 4

7KH =DQDUGL )RQGHULH 6 S $ FDVH VWXG\ ZDV SHUIRUPHG LQ D
8%4% 8QLYPWFKO4%HQFK $XVWHRPFHU IXUQDFH Figure 5
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7\SLFDO 3DUWV ODGH )URP $°, "XFWLOH ,URQ KDYH WKH JUHDWHVW

DSSURSULDWH VWUHQJWK DQG ZHD
JLIXUHWKURXJKOXVWUDWH VRPH W\SLFIDX\SWHMSHUEZKQBKZDWK LWV SUHGLFWDE
PDOQXIDFWXUHG IURP $XVWHPSHUHG '"XFSRIOHGQUW® VDWLVI\ D QXPEHU RI ZHLJ!

UHPDLQLQJ LIQIVXOHKVIWNHPSHULQJ 3WK

H

%DLQLWH LV KDUGQHVV $G ®OMIRRDD.
$', DQG VWHHO ZRXOG VROYH WKDW PD!

S5HIHUHQFHYV

\%

@)(, ZHEVLWH *OREDO )XHO (FRQR

\%

7THUHQFH %HOO 8SGDWHG $XJXVW
@RPSRVLWHYV :RUOG 5HF\FOHG

Figure 6 &ORVLQJ WKH &)53 OLIHF\FOH ORR
Turbo Charger Housing

\%

\Y

@ /DZU\QRZLF] 3$XVIHUULWLBWLILR

P\

@+RZ ,V ODIJQHVLXP OHWDO 3URGXFH

FD
S

@ |

LQ $',° 8QLYHUVLW\ RI 7HFKQRORJ\
OHFKDQLFDO (QJLQHHULQJ )DFXOW\

6FLHQFH DQG (QJLQHHULQJ DY
%\GJRV]F] 3RODQG

L

> @HQHUL =DQDUGL 33%$', IRU /LJKW:
&RPSRQHQWYV LQ /LJKW &RPPHUFLDO
6RFLHW\ ‘RUOG &RQPHFWREHHIRQ
) =DQDUGL DQG ( )RQGHULH 6

Figure 7 ,WDO\
Exhaust Manifold > @HVW IURP $60( *HDU 5HVHDUFK ,QVYV

Figure 8
Ring and Pinion

&RQFOXVLRQ

7TKHUH DUH VHYHUDO ZHLJKW UHGXFWLRQ RSWLRQV UHJDUGLQJ PDWHULDO
DQG SURFHVVHVY DYDLODEOH WR GHVLJQHUV DQG KHDW WUHDWHUV IRU
DXWRPRWLYH DSSOLFDWLRQV +RZHYHU WKH FKDOOHQJHV DUH WZR
IROG

+ &DQ WKH ZHLJKW UHGXFWLRQ FKRLFH EH FRVW HIIHFWLYH LQ YHKLFOH
SULFLQJ

¥ &4DQ WKH VHOHFWHG SURFHVV EH LQWHJUDWHG FRVW HIIHFWLYHO\ LQWR
WKH 3UHGLFWLYH 3URFHVV $XWRPDWLRQ 33% PHWKRGRORJ\ RI WKH
PDQXIDFWXUHU™"

JURP D KHDW WUHDFRDRQUROBIZIYRLOGUWWRUWLRQ LV D
SULPDU\ JRDO LQ UHGXFLQJ PD@QUBFWXULQJ FRVW 6LQFH VWHHO
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