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7RUTXH (QKDQFHPHQW RI D 'XD¢
ODFKLQH ZLWK ,PSURYHG 0XO
'RUNLQJ +DUPRQLFV

<DQGLQJIHAIQRQIKXDQJI[LLHQLRU OHPEHWQJ ({RBREHU ,{(DKXL +XQGJ
=KHQ\DQJ 4LDR

'HSDUWPHQW RI (OHFWULFDO (QJLQHHUYBUVEZKHN +R@V . RAU 3 R E WG EXAEELAE
6KHQ]KHQ ,QVWLWXWHY Rl $GYDQFHG 7THOREROKKMH Q§ K HQH & LSFD GH®P \I R# \
'HSDUWPHQW RI (OHFWURQLF (QJLQWHW LRQ ]BRE YHDRAWURIDRXYN 8Q

$EVWURFWRLY SDSHU D QRYHO ( FRUH GK¥# BWIUIFRDH QWRFSRQRWLHY DFFRUGLQJ
IOX[ VZLWFKLQJ '30 )6 PDFKLQH LV SURZBGHGVIRYDWURXWLRQSHY RI VWDWRU
DSSOLFDWLRQV LQ HOHFWUULHGNV\D@QV@HQWLDWH@ LQKWNH\GMVVVI-K@DWXUH LQFO:

VHW RI SHUPDQHQW PDJQHW 30 VRXURHH X0 \>LQ HUdV|:\H>@E BOLHQW 3¢
VWDWRU VORW RSHQLQJV ZKLFK KDV D s |P v\(-fJ ZéWK)Gso P L
VSRNH W\SH 30V VLJQLILFDQWO\WFERUFRI ﬁv E

VWDWRU FRUH DV ZHOO DV DOOHY KM

E)éHLH&\M/QVLW\ R
FRUH $V D UHVXOW WKH SURSRYV MG P FGX R WKBIWG
IOX[ LPSURYHPHQW DELOLW\ RI PXOIW—L @LV\NE-@J Ekﬁ/tE’ﬂDFQﬂFR/DJﬁHW YROXPH RL
ZRUNLQJ KDUPRQLFV RI DLU JDS I10X] @MQRQVH\ PDWRUsRODWHIRU\ RI VWDWRU
FRQWULEXWLRQV WR WRUTXH SURGREWER®E KILWQH VUKD Wi \ WHQHK MEFHBQ WD JMVRH K L J
WKRVH ZLWK QHJDWLYH LQIOXHQFIBV IDYKHBHO WV LOX)\ FRGBHEWIHDWLRQ HIIHI

&RPSDUHG ZLWK D FRQYHQWLRQDO (FFRWFRSSW@RPJWF%L@H ELQVERNVM )630 PDFKLQH .
VDPH 30 YROXPH WKH SURSRVHG PDFKLQ H;LK LWZ’ Fk KBiKH  VWDWRU VORV

RSHQ FLUFXLW EDFN HOHFWURPRWLYH I
DYHUDJH RXWSXW WRUTXH $PDJQHWRP Gyﬁ? g%‘h G)|2§WHG)XIPW
PRGHO LV HVWDEOLVKHG WR LQYI—R/IV\MIK Lé LB&B Q
SURSRVHG PDFKLQH )XUWKHUPRUH \)0\HG—| L H\% HW§< Ud PQFH > @

GHVLJQ LV YHULILHG E\ XVLQJ ILQDWB MNPWLR(YLIQLILRDWRUB
H[SHULPHQWDO UHVXOWYV 630 PDFKLQHV ,Q UHFHQW GHFDGHV

PDFKLQH WRSRORJLHV KDYH EHHQ SURS
L QGH[ 7THWPBLUHFWLRQDO I0X[ LPSURY$HRWPIDQFMH HBBPFQ®OO\ WKH WRUTX
DQDO\VLV IOX[ PRGXODWLRQ SULQFLS®H@ I©X@VZy WK\ I WRFRNNQH)GZBO PDBKLQF

WRUTXH GHQVLW\ ZKLFK LQYHVWLIJDWHG WKH HIIHWW ROQ H|
VWDWRU SROHV 7KH UHVXOWVRWKR® HNK
»,1752'8&7,21 VWDWRU SROH FDQ LPSURYH WRUTXH GH

£(50%$1(17 PDJQHW 30 PDFKLQHV)&DYRDHPWIVRAIDEWMGSURSRVHG LQ > @
WCH[WHQVLYH DWWHQWLRQ GXH WR WRWHWWRPONQ VDR DEdly iy & WDl 4 7 DRI\ KJ H
WRUTXH GHQVLW\ DQG KLJK HIILFMNHERWIROZKkRFK KBDYHGEH$HO BLEHBXOW W
DSSOLHG LQ HOHFWULILHG W UDRWSHY WEO-WIVRED HOONBRHHOERFNGI (HOAPWURPF
YHKLFOHV (9V DQG K\EULG HOHFWW®ROHWHREHOWBO POFKKLQW ZLWK ( FRUFE
$FFRUGLQJ WR WKH ORFDWLRQ RI ROWWKHUpPPIFKIRHNG ADN>E@  Q WHKDVWHG'
FODVVLILHG LQWR URWRU 30 PDKIKQIQNY ¥WaP WRE VORPWM UZIOLBE®FVHSDUDWH
> @ DQG GXDO 30 PDFKLQHV > @ &RPLIDUYEQOW V@K IRMAHKRH § RIRPRUIH G\ AWK F R Q
HOHFWULF PDFKLQHV WKH VWDWRUKH @PBRKHQYYOKIPHK LN KI)/GKDOI 30 X
DUPDWXUH ZLQGLQJV ORFDWHG RQ B! vwDMRUII X & HPYYR\ LY RIFKEBINHG
VDOLHQW SROH URWRU ZKLFK SRWRINVKVOWYK H PMK U@X[ EIVULRERVWBRYWREH
VWUXFWXUH DQG JRRG KHDW GLVVLSWYROYRHO WEHIOW] E@ULHU HIITHFW RI VS
7KH ZRUNLQJ SULQFLSOH RI VWDWRW IOX[PBEKVNORY HbFWHFDQ EH VLPXC
JHQHUDOO\ H[SODLQHG E\ D I0X[] WRGWEDWLRKP SHAFPLBOYW DO \sL@® > @ +RZ
+RZHYHU WKH DUUDQJHPHQWYV RI RIOWKHEH DARKYH RMDMHRER HCD ¥G80 PDFKLQH\
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EH DSSOLHG LQ WKH WUDFWLRQHD DSOLFDW&RQLRE2(9M )X W&V, KB, R &R b (
GRXEOH VWDWRU )630 PDFKLQH > @ KDV.EHHQ .S VHG WR UHGXFH
WKH PDJQHWLF VDWXUDWLRQ RUM%U\Q\QI%KAIFIQ%I' %W%DUWLWLROHG
)630 PDFKLQH ZLWK D VHULDO |OWH G5 D Spoke-PM—_, Armature P Rotor
WR UHGXFH WKH OHDNDJH |QXJWLERR LY W“‘"“‘g
1RQHWKHOHVYV WZR OD\HUV RI DLU /,;;aga e
PDFKLQH VWUXFWXUHV DQG WKH Retr
VLIQLILFDQWO\ LOFUHDVHG

7R IXUWKHU LPSURYH WKH WRUTXEH
PDFKLQHV UHFHQWO\ WRSRORJLHV Z Siotem
VRXUFHV KDYH EHHQ LQYHVWLIDWHG - w2
PDJQHWL]HG 30V ZHUH LQVHUW H&E3QQWR v@%

: ;
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H[KLELWHG D LPSURYHPHQW L\Q %

HOKDQFLQJ WKH WRUTXH GHQVQWH |—,t

VWDWRU 30V LQ WKHVH PDFKLQIRQR G

VHWY $ GXDO VLGHG )630 PDFKLQH gg v WLRQ RI I
V ﬂ)”%‘%woweuo

ZDV SURSRVHG LQ > @ 7KH DGGIULW
§‘7 Pé:HV IRU WKH
LERP L%I22 1 Wi
E HP%ZLF@D gH

30V UHVXOWHG LQ D WRUTXH HWHWKDJA B
é? G ( FRU
cYuURrRvV
BV QWVVFRQQF

WKH VWDWRU 8 VKDSHG 30 )6 PDH/K\I\_A% \
FBH
“8H L
Y4 FRUH 7KH
E IF W

WKH URWRU VWUXFWXUH LV UHTKH
RYHUDOO FRPSOH[LW\ RI WKH PDFKIL
ORZ LURQ FRUH XWLOL]DWLR®@ WVDWLDO
DQG KLQGHU WKH DSSOLFDWLRQ RI )g

,Q WKLV SDSHU D QRYHO ( FRUH G
)6 PDFKLQH LV SURSRVHG ZKLPK
DQ ( FRUH )630 PDFKLQH WR LPSUR

-+
DQG UREXVWQHVYV RI WKH URWRU V
VLGHG 30 )6 PDFKLQHV $V D UHV)ROW(%%
WK RI DGMDF

QWLRQDO
WD W R/B W Q

GLVWULEXWLRQ RI WKH DLU JDS QO X Vé}(\) G)'vagl:'
GLUHFWLRQV RI WZR VHWYV RI 30V DU H Q\‘_g( I%&HDI
SDUDOOHO I10X[ SDWK ZKLFK VLIDWLR %v \g; LOWH R Q
UDWLR RI WKH VLGH WHHWK RONWIDD . ){) . HE K
WKH RYHUDOO PDJQHWLF VDWXU DMK § é m&@WLV
VORW 30V FDQ SURGXFH D VLIQWREDQXK IDIX O W
,Q 6HFWLRQ ,, WKH WRSRORJ\ RI WKH ! GE‘ \|7 WGLIIHU
LOWURGXFHG 6XEVHTXHQWO\ WKH LS I~ WK

SURSRVHG PDFKLQH LV D QD O LNAVGUIUBRSWVWHREN ILOOX)] DUWIQNALISHOE RI ( FRUH '30 )6 O

SDWWHUQV 6HFWLRQ ,,, HPSKDVL]F __—J— - - [
LPSURYHPHQW SULQFLSOH E\ HVVEBIEO &}? Rrigg
00) SHUPHDQFH PRGHO ,Q DGGLWLR! Q 7 1[111[
JOREDO RSWLPL]DWLRQ RI WKH SHRS o hn
HOHFWURPDJQHWLF SHUIRUPDQFH RI \ |
PDFKLQH DQG SURSRVHG '30 )6 PDFKI OHV
6HFWLRQ 9 7KH UHVXOWV VKR D NOKIHW i
EDFN (0) DQG WRUTXH GHQVLW\ RI W /Z6) 5 jgm o) E
VLIJQLILFDQWO\ LPSURYHG $ SKRWRW' /% ) Lag
IDEULFDWHG DQG H[SHULPHQW WHVX¢( NS ‘ MU'1ﬂﬂ<_RQ

)LQDOO\ D FRQFOXVLRQ LV GUDZQ PDUL|HE WKH PDLQ

FRQWULEXWLRQV RI WKLV VWXG\ )LL) ,00XVWUDWLRQ RI WKH VWDWRU 3XMMWYV DQ/
D 6SRNH W\SH 30 VHW E 6ORW 30 VHW
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,Q RUGHU WR H[SOLFLWO\ LOOXNW®&OMWHVWWN RRGNLIQYJG H L\QHW S3MIigHF WLIVDN
WRSRORJLHV RI WKH SURSRVHG PDFRDQH FAIMHKG D /X [QO0G N\DHW VRK VG IRV SK D
W\SH 30V DQG VORW 30V DUH SUHVMJXWHGKDYHLIOX[ MOLRQABJIJHE ZLWKHERWK
UHVSHFWLYHO\ $V VKRZQ LQ RNH WWBSHOSRM[FPLMRHQGGRA\WBR VLQJOHJBRHHW
30V DQG VORW 30V LV UHSUHVH & VW& 6 K WEKFHHE BQKH BHF KO L\DPERIXWKH SURSI
WKH GDVKHG OLQH LQ EODFN UKMHSHFWLYHO\ ZKLFK IRUP D SDUDO
PDIJQHWLF FLUFXLW SDWK E\ IOWZERW RV KA$RD J 16 MUK/ Q6L éC 0 V8 HH W)Y 3 ;

VLGHV RI WKH VSRNH W\SH 30 PLGGOH W3 HMOK17DQ&G 7IBRWB Y1+ +$5021,&6

; )630 PDFKLQHVY FDQ EH FODVVLILHG D
PRGXODWLRQ PDFKLQH > @ 7KXVOMWKH V
RI WKH SURSRVHG ( FRUH '30 )6 PDFKLQF
WKH IOX[ PRGXODWLRQ HIIHFW ,Q WKLYV
PRGHO LV HVWDEOLVKHG WR KKDQWL
FRQWEJLEXWLRQ RI PXOWLSOH LRAYMNUIQJ
SDUDPHWHUV RI WKH SURSRVHG '30 )6 PLC
( FRUH )6 PDFKLQH DUH OLVWHG LQ 7D
IROORZLQJ DVVXPSWLRQV DUH PDGH LQ |

7KH SHUPHDQFH RI VWDWRU DQG URWR

WKH VDWXUDWLRQ HITHFW LQ LURQ FRU

)LJ ,00XVWUDWLRQ RI RSHQ FLUFXLW :ROQM[H%EE %5[\/&\/\4\’&&%Fggyl?v\/y/\%[%%%?@mgjlzu”ﬂw'—F

D 3RVLWLRQ $ E 3RVLWLRQ % F 3RVLWLR BRYL HW DV W
DQG WKH PD[LPXP RI URWRU SHUPHDQF

YXUWKHUPRUH )LJ VKRZV WKH PDJ F FLEEY L w GXDO
30 DW IRXU W\SLFDO URWRU SRVL ’I’_|;|R¥é!—\6/' l@%ﬁ?ﬁéﬁd G%L(g#b%f/$?\<7i$?ﬁe‘
VXSHUSRVLWLRQ SULQFLSOH RI IOX[ OCONDJH_ _7KHA TOX] GROW RERH O W
WKH W\SLFDO URWRU SRVLWLEBQRFRUUHVERGEWWR wkH sl%%l’t L RPQ F
WKH SKDVH IOX[ OLQNDJH ZDYHIRWP (WOWMRKRRXQ LQ )LRF )LJ

DQG F VKRZ WKH QHJDWLYH DQONKRY LI YM'H[WUHPEISRVLWLRQV RI
IOX[ OLQNDJH ZKHUH D URWRU WRBWKWA BRLIQHG ZLWK DQ ( FRUH
WRRWK $W WKHVH SRVLWLRQW KMKGIXBIDWGEHWEF |OX[ P{FLWHG E\

VHWYV RI 30V SDVVHV WKURXJK QWKIHF DAPPMRW XR)H FRLORF LQ DQ LGH
GLUHFWLRQ DQG PD[LPXP RU PLQ(I[,P)?,E%?ET'&%)%)—E\Z\';\‘RI WKE SKDVH 10
OLQNDJH FDQ EH DFKLHYHG &RQVWKHAXHQWOSn WKH XWLOLIDWLRQ RI
VWDWRU FRUH LV VLJQLILFDQWOO LBSWRWHG WGXH WR WKH SDUDOOH
PDIJQHWLF FLUFXLW ,Q FRQWUDVW PRWEKRYQ LQ )LEF E DQG G
ZKHQ WKH URWRU URWDWHYV WRHWKHOSRE L WIR Y, ZKHUH WKH URWRU w
XQDOLJQHG RU HYHQO\ DOLJQWGE HZ L DB & W RRW R WRU VLGH WHHWK

IRUPV D FRPSOHWH FLUFXLW ZLWKRXW FURVVLQJ WKH SKDVH FRLOV
UHVXOWLQJ LQ JHUR I0OX[ OLQNDJHQ 6R U\ LW ik ¥lsik RRSW\SX[ 30 QV LW\

g it N S S oL lubid | ekt
1 N Ty

VORW 30 H[FLWHG IOX[ KDYH RE‘FRFU\HLV\I'_ PMs Stator topology \
PLGGOH WHHWK VWDWRU \RNH ®BQG %ﬁ% 1J WK
PDIJQHWLF VDWXUDWLRQ RQ WKH VWDWﬁ‘E{F—H‘FJe |
90 [——Both PM Excited | Stator MMF simplified model |
—_ 1 == = Spoke-type PM Excited | @ A I
g 60 - = = Slot PM Excited | oMoy r JFuw 0,0 |
E 301 ot IO MM,
Y ] Slot R EN Ldmid |
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; 4 | Rotor core |
Z 60 | |
'90 1 T T T T ! I
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Rotor Position (Elec. deg) | waveform |
JLJ 2SHQ FLUFXLW IOX[ OLQNDJH RI WKH SURSd [
I
|
,Q RUGHU WR YHULI\ WKH DQDO\VLV\——_—_____LV'_Z_Z_Nr____T-r’VH

HOHPHQW DQDO\VLV )($ UHVXO@WGQRDISHQ FLUFXLW SKDVH I
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yLJ LOOXVWUDWHY WKH VLPSOL%H®W VW?DWRLW 00) DQG URWRU
SHUPHDQFH HTXLYDOHQW IXQFWLRQV $V KRZQ& I)%)LJ WKH
VSRNH W\SH 30 H[FLWHG 00) LVQBEHHBQFWH Gj Bl RVYRoLG OL

EOXH DQG WKH GDVKHG OLQH LQVHEG GHSLFW)V WKH VORW 3|9|U,LH[F
00) &RPSDUHG ZLWK WKH VSRNH WGSH 30V | W H—\#b#é”\NLﬁRMﬁ Zu
00) KDV DQ RSSRVLWH GLUHFW)L RQIG Q VWDWR ORW SRVLWL% M

GHQRWH WKH 00) DQG WKH FLUFXPSHUHQWILDIO O'HL F@ WK Uz,

UHV S HF WD QBosvoRWH WKH DQJIXODU VSDOVHRI WKH L3 M1

VLGH WRRWK PLGGOH WRRWK DJE VORKW SROMHHSBHBWLYREHUV DQG HOHFWU
DUH WKH DPSOLWXGHV RI VSRNH W\KH WDRRQ VOR WK | 3DV H[BPEWE B[ 00H QVGW\ DU
UHVSHFWLYHO\3y IV D\GGLVBRPO® SDLURQXWEHUGRYWWKHEXWLRQ IXQFWLRQLRI VYV
IXQGDPHQWDO RUGHU RI HTXLYDOHQRWGAWDW RO O0)ERKRGEBE QXREMHEY RRQVHT

1 XS WR DUH FRQVLGHUHG VLOQFWHGCGWHKM L
3 DUH QHJOLJLEOH 7KR |KDKRP RIRVERRIUSHIWE
VHOHFWHG WR EH RQH VLQFH WKHDBPSC
7KH DLU JDS SHUPHDQFH IXQFWLRQ FRQVL HULQJ ERWK VWDWRU DQG
URWRU VORWWLQJ HIIHFWV LV JLYHQ DV > 7$%/( ,
J 32/( 3%,56 $1527$7,263((' 2)%,5 *$3)/8; ' (16,7<+$5021,&6
' TW —/, T , T 3ROH S5SRWDWL
P L3Myd M 2 & M
ZKHUHY WKH OHQJWKVRWEHUSHUP HDE L O LW\ Ry M Z © M,
OHDQZKLOH SHUPHDQAHYGIWBWHRQW! 01 1HG
WR PRGHO WKH VWDWRU DQG URWRUz= —amad ] 1S e 140 \
-== Slot PM Excited [N Slot PM Excited

6XEVHTXHQWO\ WKH DLU JDS 10X]
%N T W ;)7 7'\%30)/7'\,/7'

—_
=
1

Amplitude (Tesla)
in
1

A:r gap Flux Density (Tesla)

ZKHYH 7 LV WKH 30 H[FLWHG 00) IXs
HTXLYDOHQW VWDWRU 00) IXQFWLRC? o 'H%@#Thlqﬂ@H
VWDWRU VORWWLQJ HIITHFW RQ 30 HJ K 3 6 % 10 13 5 7 9 11 13 15 17
J P Air-gap Circumferential Position (Mech. deg) Harmonic Order
- | 122V} D
ar T P) s0 11y TLI ) wiF v )LJ ZSHQ FLUFXLW DLU JDS 10X] GHQ\)VLRW\WFKIHGLII
Sy RVHG PDFKLQH D :DYHIRUPV +DUPRQLF
ZKHYyHLY WKH DPSOMMKXXRBHGRU VWIOH PR Q R

HTXLYDOHQW VWDWRU 00)
)LJ D VKRZV WKH DLU JDS IOXDIBF i
DQG GXDO VHWV RI 30V 7KH VSRNH W 3
JDS IOX[ GHQVLWLHYV H[KLELW JRRG F \ OHQW
PRGHO RI VWDWRU 00) ,Q WKH PMDWW |

H[FLWHG E\ GXDO VHWV RI 30V LVHWKHA V)(bHUbHVLVVLb(Q R WLH VLQJO
VHWV RI 30V $V VKRZQ LQ )LJ VHEWKWKH MRORI®IZAV BIHWKH BFRQYHQWLRQDO DQG
VWDQUSRUGHU KDUPRQLF VYD Q& IDQKD Q ERMQWHQWLRQDO ( FRUH )6 PDFKLQH E 3URSRVH(
RUGHU KDUPRQLFV ORUH VSHFLVLMOO®\ WKH KDUPRQLFV ZLWK SR
FRQWULEXWLRQV WR RSHQ FLUFX&W SKDVH GOEMWUOPWHM WKSIURRSRRWOR JEHV
DQG WKRVH ZLWK QHJDWLYH FRQW U IPEDAKLR®V IDUH WKEXBEHBSRVHG '30 )6 PLC
,Q WKH PHDQWLPH )LJ E G HISH ® W\ SYOK A LWFOSRGIRBRQAVW K A Wi OV KHR WK U L W
SROH URWRU DQG WKH HTXLYDOHQW PXBE@WHK® ®RH URWHRWUWS JIDWHOSQHHQRBUG L
GHQRWHYV SHMPBABQQFHMSUHVHQW WKH PPHRPRKPUFEEW SKDVH EDFEN (0) 7KH L
PLQLPXP YDOXHV RI URWRU SUW HDRRNHY LGS RPWA Kl RWRU VORWIVLQD HII
DQJXODU VSDQ RI W KHL W RVKRHU QXR B Wi KlpFhW W RYKH ZDYHIRUPV RI WKH FRQ
SROHV 'XH WR WKH VORWWLQJ RUIRRRKL@KY @M@KE@WLR\%KWWRQLF

SHUPHDQFH LV QRW XQLIRUP ZKLFK %%@KEQF@/H@LU\HHG’WQ LQ )LJ E DQ
KDUPRQLFV DUH PDUNHG LQ WKHOSORW

Iy TW [ : I JFRWTE Z )6 PDFKLQH KDV PXOWLSOH ZRUNLQJ KDU
M DPSOLWXGHV RI DQG SRDMH $IBHWU VLAWKD
ZKHWHLY WKH DYHUDJH W DVHH D PRGLW KIS HF RRQ WHIQWLRQDO PDFKLQH DQG WKH
MK RUGHU KDUPRQLF RI WKH URWRWSBAUPHDLAAHD YE NARICRGBIOWKDQ WKH FF
WKH PHFKDQLFDO DQJXODU VSHHG Rl WKH URWRU
YXUWKHUPRUH WKH RYHUDOO DILYHIDS IOX] GHQVLW\ FDQ EH GH
E\ FRPELQLQJ ZKLFK LV VKRZQ DV IROORZV
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N

ZKHQPbo D¥GDUH WKH SROH SDLU QXPEH!
RI DLU JDS IOX[ GHQVLW\ DQG WKH ZLt
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - KDUPRQLFV UHVSHFWLYHO\

7KH FRQWULEXWLRQ RI VSHFLILF KDUPF
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$ &RPSDULVRQ RI 2SHQ FLUFXLW 3HUIRUPDQFH

)LJ D DQG E VKRZ WKH IOX[ GLVWULEXWLRQ RI WKH
FRQYHQWLRQDO DQG SURSRVHG PDFKLQHV UHVSHFWLYHO\ ,Q )LJ

E WKH VSRNH W\SH DQG VORW ®0 H[FLWHG IOX[ DUH VHSDUDWH
LOOXVWUDWHG 7KH VROLG OLQ@KLQHEODFN LV WKH PDLQ I0X[ SDWK
WKH GDVKHG OLQH LQ UHG LV WKMHXPHDNDJH IOX[ SDWK 7KH PDLQ
GLVWULEXWLRQV KDYH D JRRG FRRHFQVWHQF\ ZLWK WKH DQDO\VLV

LQ )LJ OHDQZKLOH WKH WZR 30 VHWV KDYH DQ RSSRV
GLUHFWLRQ RI OHDNDJH I0X[LGIGOMUWRRWIKRQY R QrWIKH \oW,D %LW\ GLVWULEXW
VWDWRU \RNH DQG URWRU ZKXBBR W HRBRGNHYWKdD & ¥HrkROHD ER
$V VKRZQ LQ )LJ E WKH VWDWRU DQG URWRU FRUH RI WKH
SURSRVHG PDFKLQH ZLWK GXDOQWHON VKRl BRFN SO VIR Y LRIQSKIFWDH [0X[ OLQND
ORZHU PDJQHWLF 10X[ GHQVLW\LWKPQ WKH FRIQRZHQWKR@DWKMHDEKSRODU 10}
ZLWK RQO\ VSRNH W\SH 30 H[FLWBW LRIF KOL\Q MKIRZ ¥ L@ MLUFDQWO\ LPSURNHG (
D UHVXOW WKH SRWHQWLDO P DJHQMON VDRAHX D B W@ RW XZG.HV R IDW R B WX Q BFRXHIQ V
FDQ EH DYRLGHG +RZHYHU ORFDVRYDIW XU EWLRRPRBREMELY ZRQV KV KHK IV WORKQ Y H Q \
WRRWK WLS GXH WR WKH DGGLWLRI)L RNDVERW \BRHW SURLFKV NG IIIKMKQ QH KD
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7KH FRPSDULVRQ RI SKDVH EDFN (0O)M1V VIORAMXRDV)WIKH RSHQ FLUFXLW ELIL
&RPSDUHG ZLWK WKH FRQYHQW L RKQD W e FRIQQMH QMKLHR @ DBN( (PR WRH W6 PDEKLQH
SURSRVHG PDFKLQH KDV D HQRDERHOH@®W DWUWKIHY DO®HG USPAHGV$SW
URWDWLRQDO VSHHG GXH WR WKHN DGWKHNVERRSRIVHGCRRD BBV Q A KH.[KK. E/IKVRVKB V L J
JUHDW FRQVLVWHQF\ ZLWK WKH HOHFDWLIRMXBIHNO Rl EDFNDIHY ,Q WKH ORZ
K H LV LQFUHDVHGIURP 9\

% &RPSDULVRQ RI 2Q ORDG 7RUTXH %w@%ﬁo&@mﬂv HOKDQFHG IURP 9 \
7KH RQ ORDG SHUIRUPDQFH RI WKH)RROYWHRWPDROPOHPRGC WURSBWLE® OoRUH]
PDFKLQHV LV LQYHVWLIJDWHG FEQQWIK#\M-FE%@QN/WGMUF@LQKW @llﬁr@LELw VLQXVRL
ZLWK D FRQVWDQW FRSSHU ORWY JRIUR| Jk LY UL KWL PR H v DAX® YD UMD WLRC

GD[LV FX UHRQWURO VWUDWHI\ LV ¥WLOLIHHUHQW RSHUDWLQJ VSHHRRG LV C
)LJ D VKRZV WKH SORW RI WRY &Xhb UHWVRIVEWEN ( ?< BHOQWN X BV ZLW
DGYDQFLQJ DQJOH ,W GHPRQVWWDWgRH\W KR WcERW I W K KALRAHM O HKLED QG WKH

PD[LPXP WRUTXH ZKHQ WKH FXUUHQW@@VW&JQ%FD\QN@"P@E%P@N IMURHPRQVV
ZKLFK YDOLGDWHYV WK HF ROHROL R @ (RD WHIN 7 K H

WRUTXH YHUVXV GLITHUHQW DRSWHKRWWQGHY RI DUPDWXUH FXUUHQW L

LQ )LJ E "KHQ WKH FXUUHQRWTQHFUHDVHY WKH DYHUDJH W

RI ERWK PDFKLQHY HOHYDWHWRE&RVH)XGUYH OLQHDULW\ RI WKH S
PDFKLQH LV LPSURYHG FRPSDUHG ZLWK WKH FRQYHQWLRQDO PDFKLQH
GXH WR WKH PDJQHWLF VDWXJUDMIORM WHOGLHYLQJ HIIHFW $V D
SURSRVHG PDFKLQH H[KLELWY D EHWWHU RYHUORDGLQJ DELOLW\

)LJ D VKRZV WKH WRUTXH RI WKH SURSRVHG PDFKLQH 7KH
VSRNH W\SH 30V FRQWULEXWH WKH PDLQ RXVYSXW WRUTXH ZKLOH WKH
VORW 30V SURYLGH Rl WKH WRWD 9s W RY T4t w EWFN'—M)KR\)JI%M*%RQ\QHHQ/WLRQI

PHQWLRQLQJ WKDW WKH WRWDODMRBBXHDL kWK, G WO VHWVQORB@OV LV PLQ E
WKDQ WKH VXPPDWLRQ RI WKKN WRBIWKYGRPHRWHY WRRIVEQJIOH VHW

7KH UHDVRQ OLHV LQ WKH DOOHRQDRNLRQ RI WKH PDJQHWLF VDWXUDW
VWDWRU DQG URWRU FRUHV DV WIARzZD10Q )VKRZV7WHKH REKIBXW ARUTXH XQ
WKH RXWSXW WRUTXHV LV VKRzZQ LFRQGLWLR@V 7k® SRMGRVRESHUDWLQJ F
PDFKLQH H[KLELWV D ODUJHU PHYHEBRY PP QFflu RXHV KB SURRRVHG '30 )6

WRUTXH ULSSOH LV UHGXFHG IURP FRRPPUHG WR WKH FRQYHQWLRQDO ( FR
OLJKW ORDG FRQGLWLRQ WKH DYHUDJ

PDFKLQH LV LPSURYHG E\ DV PHQW
SDUW :KLOH XQGHU WKH QRUPWRUJORBG
LPSURYHPHQW RI LV DFKLHYHG GH
Rl WKH SURSRVHG '30 )6 PDFKLQH LQ
SHUIRUPDQFH ,Q WKH PHDQWLPH WKF
SURSRVHG PDFKLQH DW ERWK O LLKQW ORTE
DUH NHSW ORZHU WKDQ DV MV WMHIGH L
FRQYHQWLRQDO PDFKLQH H[KLELWYV DQ

[ E XQGHU WKH QRUPDO ORDG FRQGLWL
)L 7RUTXH FKDUDFWHULVWLFV RI WKHHAMRQYHQWLRQDO DQG SURSRVHG PDFKLQ
D 7RLU' FXUUHQW DGYDQFLQ' DUPDWXL

[ E
)LJ $YHUDJH WRUTXH DW UDWHG FXUDHWKY D 7KH SURSRVHG PDFKLQH

GLITHUHQW H[FLWDWLRQV E ' Y)LJ 7RUTXH FKDUDFWHULVWLEV Rl WRKLBDREYHQV
& 3HUIRUPDQFH &RPSDULVRQ DWQMM@J%@JV\PQ%WLP@WQQJ &RQGLWLR

,Q WKLV SDUW WKH SHUIRUPDQFH, F
SURSRVHG PDFKLQHV LV FRPSUHK@ V \B(Ef}?/ Q?'%Q%GQ@DWV@H
FRPSDUHG LQ GLIIHUHQW RSHUDWLQJ, VY, %{ *6% élklﬁ%\ﬁﬁ

RSHUDWLQJ VSHHGYV DQG ORDG FRQGH MRy ¥|DWO\ LPSURYHG DYHUDJH WRU'
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DFKLHYHV LQFUHDVHG SRZHU HIILELMDE\W ERP\SERYHE O RRG WEHUDWLRQ DW
FRQYHQWLRQDO PDFKLQH DW D UDW M® WIS FHRE RW F R RIURLLQ@ DIVGHE RLW KMHKH 8 +
LURQ ORVVHYV DUH KLJKHU GXH RURI OWEBO YD@XVUWWDR® V) WKWMKID IOWZBHQV
HIILFLHQF\ PDSV RI WKH FRQYHQWLR®WDPHVQRS RYRISFORDE PRDFHWL QW VEMUBHEW V K
FDOFXODWHG DV VKRZQ LQ )LY 7KHZRDRGQ.XE LQUBVISHAWALNGWLW\ UDQUW IUR
SURSRVHG PDFKLQH GHPRQVWUDWH\JWHRMIGH K LB KB HWP X\PK B [ L\WIKHHQR Q HKD R L Q
RI OHDQZKLOH WKH KLJK HIILFBBQA\QUW EHRQU ZKRNUHIG WKDHFKLQH DUH VD
HIILFLHQF\ LV ODUJHU WKDQ HIVRINHDMWEUBRGHQ HPX OWRLWEBH SRLQWNV DUH
ZLWK ODUJHU WRUTXH YDOXHV ZKH Q5 MXWHLWS HHIBUL D VOIRZGW WEDIRXU 30 VH
UPLQ ORUH VSHFLILFDOO\ H[FHRQYWBUQWWH]  RWHRQWILQUHFRQBQW DQG ORFI
ZLWK ORZ WRUTXH YDOXHV WKH HIILAUH QFX [RG WEWL BAULR SRR/ H & WAHE KAELIHEFIHH G
FDQ DFKLHYH DQ HOHYDWLRQ RI aGHPWQWWHKDMIRE VGHHE DQ® WR G $
WRUTXH FRPSDUHG WR WKH FRQYSRQWMRQRO DPGREKILRG [WERHLWKWKH PLQLF
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