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SHGXFWLRQ RI 1RQ :RUNLQJ $UF
9HUQLHU 3HUPDQHQW 0DJQ]

-LDKXL +XPRQRQJIKXDQJI[LPHIQXRU OHPEHIG ;(@J 8EKPRHU , (((

'"HSDUWPHQW RI (OHFWULFDO (QJLQHHUYBUVIZKH +R@V .R@I 3 R E W/ EXAEERE
6KHQ]KHQ ,QVWLWXWHY Rl $GYDQFHG 7THORERORKRKMH QQKHQHVH $FOKAHM RZIQ6F
'HSDUWPHQW RI (OHFWURQLF (QJLQWHW LY JB@E YKDRAWURIDRYN 8Q

$EVWOBBWLHU SHUPDQHQW PDJQHW PFRQYHEHYIMPOBUMWWHQWLRQ DQG VHYH
EHFRPLQJ LQFUHDVLQJO\ DWWUDFWLH HD GR3JU I9RE V\/S{-||_I—k,G|_GVlXI-H-|FW @ubv@ WHK@HH U D
LQGXVWULDO DSSOLFDWLRQV 7KLNVSIEHY S\ BV ¥ QD\QLFW @ UHGXFWIRO
SHUVSHFWLYH RI UHGXFLQJ QRQ ZRU P

KDUPRQLFV LQ 9300V ZLWK FRQFHQWU%ﬁéé %%Q?%;Z%/ VUW %ip H WKHWRDHU
LPSURYH WKH RYHUDOO HOHFWURPDJQH i gBF H IWKUHRH ZLWKF

UHDFWLRQ 00) KDUPRQLFV FDQ EH DGMXYRSIRVEGFRQWU@ OoIQWKEKY GHVIYH) DQ
ZLQGLQJ OD\RXW ,Q SDUWLFXODU D GXDRUVWDWRU DIPG D6 UBIMDXFHG V\QFKWRQR >

LV SUHVHQWHG LQ ZKLFK WKH LGUWQRWWWLKRSWFKY%GQW RIKWKH SRZHU IDFWR
UHODWLYH WR WKH RXWHU VW DQRHQ U QGRNY +¢[5\|@\PLEyF\p( WVG)g@g,,gRDQ L URRUOT X R U H
ZLQGLQJV DUH UHYHUVHO\ FRQQHF.WJH-H(B! QV &/ ZKQ O HO WK H
PHFKDQLFDO DQJOH GLIIHUHQFH &RQV\/\Hf}( %OL% \Q@Z CZQ;EHE%

HYHQ RUGHU KDUPRQLFV SURGXFHG EH w RZH& IDFW

HOLPLQDWHG $V D UHVXOW WKH V\QFKUREFHQI LSQ-GR(YEU\@@VI-DQVD@FGWMEW JIDCS H[F
UHGXFHG ZKLFK IXUWKHU LPSURYHV WERMN[ SSREAVLW\FWERUN ZLLW KREKIVG V. WAR LIPRIU H

VDFULILFLQJ WRUTXH GHQVLW\ § QRQ)QBW-IQWM/PWUMRWLDD V]\N’(DW‘RLLF SREZGUHU
DOJRULWKP ,, 16*$ ,, LV DGRSWHGVNVNQWRK VP HUYH RQ @ > @

REWDLQ RSWLPDO SDUDPHWHUV RIQWWH
HOHPHQW DQDO\VLV )($ UHVXOWYV VE%%PD?E‘;g‘ @:%/ME&L v\i‘/i-!&v"DW'm'“DN\‘DJ(HNl
FRQYHQWLRQDO 9300V WKH SURSRVHG Wk WYyiP 1OX[ GHQVL\

RUGHU DUPDWXUH KDUPRQLFV H[KLEQW W [KLEKHYVWR UK KkH#KcEBZHW\ IDFWRU
KLJKHU SRZHU IDFWRU ZKLOH WKH ¥Q EIDRODWR W B Gl FRIRFHS DW HPG WALIW W HD FRQYHQWL
)LQDOO\ D SURWRW\SH LV IDE UGFDSSH®R WKLY ¢ UHIY WIOLAK 8 ORIS RMM WK H VD REX G/LIRE
WKH PHFKDQLVP IRU WKH SRZHU IDFWRL
QGH[ 7HWPDWXUH UHDFWLRQ FRQFHQWYBW HpEwo LRWARIESKRBRI\ ZKLFK UHYHD
RUGHU KDUPRQLFV VSOLW WRRWK 9HUQ LAY RRANG PR xODWHG DLU JDS 10X[ GH
1752'887 21 7KH DIRUHPHQWLRQHG PHWKRGYV DUH F
’ JDS IOX] GHQVLW\ LPSURYHPHQW DV Zl|
(5081 (17PDJQHW 30 PDFKLQHV KD Yght Eii€ GEWWR VL YE®O) @ UHGXFLQJ WK
“VWXGLHG DQG ZLGHO\ DGRSWHGW 3R L bBKKDSPREWLFBRU W G HF
\DSSOLFDWLRQV GXH WR WKHLU KpHRrWKHDOL HR\H R GIX R SHIRIWsy Loc
DQG UHOLDELOLW\ > @ > @ :LWK RVK iy HYIORGRH RWYRI ERHP ROXARWEIDWH
30 PDFKLQHV 9HUQLHU PDFKLQHV KpW¥h dPdUIH B OYLBR PEHININEYH 10X[ EDU
FDQGLGDWHV IRU ORZ VSHHG GWUWH FMH Gg)J L X/ 10555 Qe iR WEFRIQOW/ L @ LIVKH RS L[ 1H U H
WUDQVSRUWDWLRQ RZLQJ WR W KH IRK ol HYDWIRY T B FH RGO YBR P KR QFH
FRQYHQWLRQDO SHUPDQHQW PDJQHNGRIZG LRDFEXBWY sk v A &$> @ XVLOQ
QXPEHU RI VWXGLHV KDYH H[SORUHG @RYjWE VMRYXGRMIYU KM W R U X /W iRk v H
LPSURYH WRUTXH GHQVLW\ LQFOXGLRE& PP W VMW BWR &k UGXROKBPHS v 7k
FODZ SROH FRGLQJ VKDSHG WRRWK pBW§LP @ w D@ HRREOY HHGWEH WKH O
XWLOLIDWLRQ RI WKH 10X[ PR GKO®MRP fldIHERW & Qwd BAKQYL Y vRBIFR1 1XQGDP
EULQJV D KLJK WRUTXH GHQVLW\ EXW VLPEIWRANH R K VO\oRIREGY WRy PHO Ry K H
SRZHU IDFWRU > @ 7KH FKDUDFWHWRRYWLE RVERRRZISRZHUVIPEWRU WRPNHV SL
EHFRPH D PDMRU SUREOHP LQ 9HUQEKB PPFKWRHY FHWEK K & R LUHGX FH WKH
FRQYHUWHUV ZLWK ODUJHU FDSDFL¥ BBEKW&EHYVVBRHERXWSOEW 0DREHNY W K H ¢
7DNLQJ LQWR FRQVLGHUDWLRQ WXHKKIH pRLE mwwwmww LY KLUOH WK
VHYHUHO\ OLPLWV WKH DSSOLFHWQREHSR VWHIW Wi R G R YH QWKR QDU RPLVL
0
K

RI
PDFKLQHYV DSSOLHG DQG ZHOO VWXGLHG LQ 9HUQI
7KHUHIRUH WKH LVVXH RI WKH ORZ SRZHU IDFWRU KDV UHFHLYHG
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KLJKHU SRZHU IDFWRU DQG WKH GENQGQ QXHEISORQWH CEGRXE ORIQOW KHKIH FRQF
WKHRUHWLFDO DQDO\VLV ZDV D@VRGSQW B RWYBIG H G GIGLRDLR QDK @ L Q5 IKQIV FRQ V|
FRQFHQWUDWHG ZLQGLQJ &: DFKLHYQF® YGEHIQR XRB K WEHD W DDARGU VALRGLQJ  Z
ZLQGLQJ FRQQHFWLRQ ZDV DOVR QB YHQWLOODWHEQ®LDIIHUQLKKY RFLBIGLQJIV R
WR UHGXFH VXE DQG KLJK RUGHU KOARRRIHFWHB I LKFWHYHBYV L P GRWNAHG QR H
WKH SRZHU IDFWRU> @ PHFKDQLFDO GHJUHH ZLWK DQ GQYHU

7KLV SDSHU SUHVHQWY D QRYHO CGOLIMK WWKIHWIRWP DMXQLHDL 8BUPD RHOWKH R
PDJQHW PDFKLQH '6 9300 ZLWK DJVSHRYID® DIUPEGMXUMWRERGRQ\ RWE&H UQ RDE!
DUUDQJHPHQW LQ ZKLFK WKH WZR VKWV FRR @LR/G EQ OV EK) MIKHFMWQLQYHO\XEB G X F
RXWHU VWDWRU DUH UHYHUVHO3 ER(QIBKWWG QOHVHQ HYHDQIEGXBHGQDW WKH

GHJUHH PHFKDQLFDO DQJOH GLIHHYB@QEHG ,IQQ/ VGHIND LRI IRQ ONKH QH[W S
IRFXVLQJ RQ RQH PHWKRG WR LPSWPRFK LW KH & DHH LIV B K L WKKGUWRRIZTHAH |
SURSRVHG PDFKLQH FRPELQHV WHKUWHGHROWL@WDJIHYV RI D GXDO VWDW
VWUXFWXUH DQG DQ DGYDQFHG ZLQC
KLJK SRZHU IDFWRU DQG LPSURYHG \ .
DFKLHYHG GXH WR WKH UHGXFHG Q ™ }
HQKDQFHG DLU JDS IOX[ GHQVLW\ 7
ZRUNLQJ SULQFLSOH DUH GHVFMHE®HE A+
.., D QRQ GRPLQDWHG VRUWLQJ JHQH
DGRSWHG WR FRQGXFW WKH JORE®O
PDFKLQH 7R VKRZFDVH WKH VXSHYLR! jmersuor
6HFWLRQ ,9 FRPSDUHV WKH HOHFWQRF :
WKH SURSRVHG '6 9300 DQG WKH FRQ YHQ¥ERQ PIR GHBUIRIOHU POF KXWQHU ZLQGLQJ F
7R YDOLGDWH WKH SHUIRUPDQFH SUHGLFWLRQ D SURWRW\SH LV

PDQXIDFWXUHG DQG WHVWHG LQ 6HF(%VL:F]):3Q“%|_QJ +DUPRQLFV $QDO\VLYV

0%+ 167588785( $1°25.,1%35.18,3/( 6LPLODU WR FRQYHQWLRQDO 9HUQLH!
SULQFLSOH RI WKH SURSRVHG PDFKLQ

$ 2ULJLQDWLRQ RI WKH 3URSRVHG 6pMRIEMDWIHRQ HIIHFW > @ +RZHYHU
7KH SRZHU IDFWRU FDQ EH LPSURY¥RQ® YHH QMLIVRKQHDO WGHOMBIQQ WWHKH DIJQHWLF
LQGXFWDQFH RU HQKDQFLQJ WKH EDBPN (0Q Wi B G RBE® WHC W RHVLIQKDLYGPRG |
FRQFHSW D QRYHO '6 9300 FRPSULRXKWHRI WWARN R 8 OW WHWRKRWK X OW QMR XV
VWDWRUY DQG D VDQGZLFKHG URWRG FR Q VMO & XVDHWE ZQ WKV 3IDVH VIEQREDWHG
DV VKRZQ LQ )LJ DQG WKH PMMWHG MR EXB\WBUR@ HWHUWKLYHSDIUW D PDJQF
7DEOH , SHUPHDQFH DQDO\WLFDO PRGHRUNL @GR
KDUPRQLFV RI WKH SURSRVHG PDFKLQH
7KH 00) SURGXFHG E\ URWRU 30V FDQ
VTXDUH ZDYHIRUP DQG H[SUHVVHG LQ )R

f

JseuTW | LZFRQ47: W @

d
ZKHWHSHQRWHY WKH PDIJQLWXGHYLRI 30 |
WKH FLUFXPIHUHQWLDO $IRW MKIHR BHIFE D\
DQJXODU VSHHIG LRI WKH QRRMERHU RI WKH 3
J)LJ 7KH VWUXFWXUH RI WKH SURSRVHG '6 9300Q@LY WKH RUGHU RI WKH )RXULHU VHUL
7KH DLU JDS SHUPHDQFH GXH WRDER W K

7$%I(, EH REWDLQHG E\
0$,1"' (6,*13$5$0(7(56 2) 7862326('0$&+,1( ~
/T I, 771, T
3DUDPHWHUV 9DOXH v P
1IXPEHIWDW F J
an P ERRY S ZKHBH LV WKH RXWHU VAV DWRUWKHUP®IQ
6WDFN PP VWDWRU SAUNHWIOQHHHUPHDELOLW\ RI W
i:sl\JN:’g"ng GHQRWHYVY WKH DLU JDS OHQJWK 8VLQ
0 PDW 1 (+ SHUPHDQFH IXQFWLRQV RI ERWK VWDWR|
EWHHO | D f

L |
'LIITHUHQW IURP WKH FRQYHQWLRQDO VSOLV\/WTRF{WK,J()WL'J:SYWU PDFKLQ
WKH VSOLW WHHWK LQ ERWK L@QIMX[DQG RXWHU VWDWRUV VHUYH DV WK

PRGXODWRU OHDQZKLOH WKH DLWPDWXUH/ZUQGLQY VWW®RVFWEXKUH

LQQRYDWLYHO\ DUUDQJHG $V VKRZQ LQ )LJ KH DUPDWXUH
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ZKHUHWQBG DUH WKH DYHUDJH YDOXHWWUWWHIRXWHWLD BSGLHEGQBPG WKEH VWD
VWDWRU SHUPHD QFHQ ® BIN ISHHF W RYW R & @GSO EBMO\ WKH SRZHU IDFWRU FD
Rl WKKIDUPRQLF RI WKH RXWHU DQ% LLFKOKK YWBMWRHLR DMVUSIPEOWRIZYH O\
UHSUHVHQWY WKH QXPEHU RI 10X PRGXOlp UV ZKLFK HTXDOV WK
SURGXFW RI WKH QXPledkWb RG WWKIHWWRXIPEE R
é §;v*v'd/ .glwvv
Q

IOX[ PRGXODWRUYV 15 HD VV SWDHWRIQ W IR & VI R

WKH PHFKDQLFDO DQJOH GLIIHUHQFH EHWZHHQ V@KH L HEDQG RXWHU
VWDWRUV ZKLFK LV VKRZQ LQ ZKHWHV WKH VWRWRUWKHUHBEBWWULFDO
1, 1.ody v LV WKH V\QFKURQRXW WHCH WDQFKU R
;S ¢ LQGXFWDQREHSDAEGHQWY WKH EDFN (0)
v A g-axis
7KHUHIRUH WKH HTXLYDOKMQWDMLEHI DS SH £ —oy
REWDLQHG E\ FRPELQLQJ o e
J f
/VT—P/‘/ / J/ w AR\ T 28
If If /l\/ N
/ ,\!/ v FRWAT I F R\I> T '//m d-axis
N
R D DFKLQHYV
+HQFH WKH DLU JDS IOX[ FDQ EH G?—ELHFV%E% Eé W\%E& QGWNﬁgGXODWLRQ
DQG QXPEHU RI WKH DUPDWXUH ZLQGLQJ LV J
BT W sy TIWT 3 1, 1
f f .
Jin oy I NFQ\JQ FRF> .\ ,Q WKH FRQYHQWLRQDO )6&: GHFYJQ D
P DUH SURGXFHG LQ WKH DLU JDS LQFOX
DY, S ZRUNLQJ VSDFH KDUPRQLFV 7KHVH QRQ
_Pdl: "FRW4r QUB Q1,-—W WR DQ XQH[SHFWHG LQFUHDVHUIRP LQGXF
N WKDW UHGXFLQJ WKH LQGXFWDQWH LV
f f
L) FRWEr QUB Ql, W@ LPSURYH WKH SRZHU IDFWRU ZKH@Q @& KH |
PII EDFN (0) DUH NHSW FRQVWDQW +HQFH
300 ZLQGLQJ DUUDQJHPHQW LV SURSRWHG W
—Pé':Q—“FRVI\H,r QlB RM® VSDFH KDUPRQLFV RI DUPDWXUH UHDFW
N

UHGXFHV WKH LQGXFWDQFH OHDQZKLOI
%DVHG RQ WKH DLU JDS 10X[ GHRNUWR & PrAP B HF Y oH REXFHE E\
URWRU 30V DUH VXPPDULJHG LQ TXEO¥kh pHAEKBEUVWR QEAVKHPRQQGXFWIVQFH U

GLYLGHG LQWR ILYH JURXSV 7RBLRDRBRHRZANV ZkWK \RERORYANYV LOQGXFWDQF
*URXS , DUH WKH RULJLQDO 30 KDUPRQLFV ZLWKIRXW JPRGXODWLRQ

%HVLGHV WKH KDUPRQLFV LQ *URX %

KDUPRQLFV DIWHU PRGXODWLRQ—IG7IR lV\y Ig %Egl_'-l 6%WKMHVDUPD
WKH PRGXODWHG KDUPRQLFV UHSUH \E RPSDUHG
ZLWK WKH URWRU URWDWLQJ GLUWHFWL S DFKLQH

HTXDOV ALOG«WWH 7KH VSDFH KDUPRQLF RUGHUV \;_
DOO ILYH JURXSY DUH LQ RGG QXPEHUV
7%/,
+$5021,86 2,5*$3)/8; ' (16,74;&,7(" %52725306 ,D UJg; 7o W71
FZHI%H%JI-LV WKH IOX[ OLONRVYHWKHSEBUN $D
WKH SKDVH] EXUNMKIQW LU QDG WRB LKMHFYV

*URXS QXPEHU 6SDFH KDUBRYYIDAVR QG KIS

QL U OHQJWK RI WRHLRDWKIHQHOX[ GHQVLW\ S
, QL . DUPDWXUH ZLQIGAL YKHDRIAGLQJ IXQFWLR
N1, Qy N i v
1 Qd JLYHQ LQ > @
Q1 . 1,N
N ‘ : _ow
L Q NI Ol 1, 7 JI \‘(T’SZYFRW/'
.9 Ni Qy %@“ ZKHUMY WKH WRWDO QXP E¥WIW RV KX B IQYGLL
KDUPRQLEWLW®O&H ZLQGLQMYDEWRQLEI W
9 Ni Q. N&:U 7KH DUPDWXUH UHDFWLRQ 00) RI WKH S
vt FRUUHVSRQGLQJ DLU JDS IOX[ GKBVLW\
& . QGXFWDQFH $QDO\VLV 00) R WKUHH SKDVH DUPDWXUH ZLQGLQJ

)LJ  VKRZV WKH SKDVRUs GLBRQMWUR@H&zWrY ¥ & W1 - Liwil
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J)L) $UPDWXUH ZLQGLQJ 00) DQG DLU JDS IOX[ GHQVLW\ ZDYHIRUPYV

ZKHWH: DQGDUH WKH FXUUHQW RI SKDRHAMDGLADOWHQ® KH DIRUHPHQWLRQHG
UHVSHFWLYHO\ GHQVLW\ ZDYHIRUPV H[FLWHG E\ DUPD\
,Q WKH SURSRVHG PDFKLQH WKR DURDRWIKHIZO QW HOQHOHP MWL WQLHONVLV )
ZLQGLQJ DQG ZLQGLQJ UHVSHRWDYHD)LZKLFKH EZB YRR QH ¥ VWH ® IHG JB\S 10
VHULHV 7R HOLPLQDWH WKH HYHQ RKXGHU KDWEFPWRQUF YL Q\MKH) BRQBULYOHU V\
ZLQGLQJ LV LQYHUVHG DQG WKHHSRVLWLERQDYGVKE I WHBVEB\HFWEMBON W FD
/| FRPSDUHG WR ZLQGLQJ 7KH 00)V\RIPKRW KW IZR Q GLHIX DWW VDUWHF R GI\QLW MG Q
H[SUHVVHG VHSDUDWHO\ LQ DQEGQ )LJ 7KHIQUDBREUWH R$HR Q G QU SADHV HINW \
00) ZDYHIRUPV DUH GHSLFWHG LQ )LEHQX¥KMWAKHPPUWH & HQ CE R WWKVHWN \RW DU
WKH ZLQGLQJ DUUDQJHPHQW 7KH 00)RZKDNMHIRWRI BQYLRAGL QJ7 WHVX@OWRGIGQ )L
LQYHUVHG DQG VKLIWHG GHIJUHHWRFBREDIIHP RMMRLEVQGLRW WKKHUHEV YDOL

00)V RI ZLQGLQJ DQG ZLQGLQJ DU gow 2o
1W 2 0.05 2 0.05
I — Ny % om0l % o]
)DZ - ! PF RYW T < =
v IN YS §-0.051 §-0.051
N Fo0 : : ‘ . : 2010 : : : . :
1 0 60 120 180 240 300 360 0 60 120 180 240 300 360
tw N Air gap circumferential position (Mcch. deg) Air gap circumferential position (Mcch. deg)
Y C E
oz — | Vs >,p FRAW T¥Y G Y)LJ $LU JDS IOX[ GHQVLWLHV WERDWBUEN D VLQJC
;\(‘ N 2XWHU VWL E ,QQHU VW

&RQVHTXHQWO\ WKH VI\QWKHWLF A2 72 F4 PEWRL AU~ 20

=)

VXSHUSRVLWLRQ RI WKH 00) RI ZL|QC€0~10 I"\ P 7 /“\ _E
LV H[SUHVVHG DV IROORZV 5;3133\/;\\ N\ /‘\\/ 1010
Joz ) oz ) o 2005 \/ \/ \/ \/ < 00 E
1,N Sons
;)DZ W zy FRYWTY Y LV _0'150_ 60 120 180 240 300 360 a0 H . R H Lo
® YS Air gap circumferential position (Mech. deg) 1 3 5 ;arn?onigll)rdlg 15 17 19
c’_)Dz Y HY LV [ I
)L $LU JIDS IOX[ GHQVLW\ H[FLWHWGHEZ LEXON R IWH WD
L LN, "DYHI [ +DUPRQLEXV
Joz o Tys ; pFREW T $FFRUGLQJO\ WKH UHVXOWDQW IOX[ Gt
N %N T W o)/ T

,W FDQ EH REVHUYHG WKDW RQO\ WKKHRGGERRHGC WK HKDPYRPRQLENDIHWVOG LQ
IURP WKH DERYH HTXDWLRQV 7KH ZBWHERIGEK BRH Y/ \QWKHWLF 00) LQ
)LJ  DOVR VKRZV WKH HOLPLQDWLRQ Rl WKH;HYHQ RUGHU KPUPRQLFV
&RQVLGHULQJ WKH PRGXODWLR® LI IHFW—BH-WKH, M5 QLW "W I RW K H
JDS IOX[ GHQVLW\ H[FLWHG E\ QG WEGLYLGXBO ZLQGK,J.SJ AW D
UHVXOWDQW DLU JDS IOX[ GHHQW S\WVDWHRMOXVWUDWHG LQ WKH ORZ
RI )LJ ZKLFK H[KLELWV D VLPLODU HYH® _Rg%ﬂp lgj%ulpi 2v

HOLPLQDWLRQ HIIHFW P YS -

N
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$FFRUGLQJ WR LQ WKH SURSRVHG7RBFRBQMWPLYDWLRQ SURFHVV LV LOOX
GLIIHUHQWNIURP WKH FRQYHQWLRQD® SBHMWLLQ W2ZRYQL RORFHVY WKH )($ SURL.
RQO\ RGG RUGHU KDUPRQLFV H[LDW 163 $W K H RS RVKRV & PEKW.DOWLRALRI WKH
WKH FRQYHQWLRQDO GHVLJQ FRQWD )LIQUNVBVFROW K W K H Q PRRIEGHIW D RIGWRG G IR UKBUHHUQ
KDUPRQLFV 7KHUHIRUH WKH LQ G® FS/MMDWQIFFHHMH WAKHHQES WRSHR \RH)G DRCHF KHQH U D W
LV UHGXFHG DQG WKH SRZHU IDFWRAKHY LWEH RYHMX 6 WRSDWH & DWVRI VBRI G UD
FRQYHQWLRQDO VSOLW WRRWK 9HUQHAROBPKL@HKH FKLOG SRSXODWLRQ LV
FURVVRYHU ZKLFK LV FDOFXODWIHEGDYV |
.., (6,91237,0,=$7,21 LQGLYLGXDOV DUH FRPELQHG DQG l
EDVHG RQ WKH UDQNLQJ UHVXOWVYLQDO
LV ILQLVKHG LI WKH JHQHUDWLRQ UHDFK
JHQHUDWLRQ QXPEHU GXULQJ RSWLPL
SRSXODWLRQ QXPEHU LQ HDFK JHQHUDYV
FURVVRYHU DQG PXWDWLRQ IDFWRUV D
UHVSHFWLYHO\
7KH RSWLPL]DWLRQ UHVXOW ZKLFK VK
WKH DYHUDJH WRUTXH DQG SRZHU IDFW
3DUHWR IURQW FXUYH RI WKLMWKFDVEW B B
OLQH ,Q DGGLWLRQ D WXUQLQJ SRLQW
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OHQJWK DV WKH SURSRVHG PDFKLEMHFN7(H ZRSWLPULPHICQ GHVKIU®H SKDVH P

SDUDPHWHUYV RI ERWK PDFKLQHYVY DUH OLVWHG LO 7DEOH ,9
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E 3UR'6 930C YYHQOWLRTY QH DQG WKH SUR!

7KH QR ORDG SKDVH EDFN (0) zDYHYRWR\E D CSWHEOp RY YHHR WKCPRNKIQ
SURSRVHG DQG FRQYHQWLRQDO BEBKPEHYIOWHORWEYHOY OIS gVRUTXH UL
LQ )LJ $SSDUHQWO\ WKH EDFN 9P QL P Ry MKk SERPRVHG PDFKLQH F
PDFKLQHV DUH VLQXVRLGDO zKLDHPWRHDIHRERYTEN pHERQ QYK K AR QRIDQ WL
KLJKHU DPSOLWXGH $V VKRZQ L® PWWULEXWHEWRyWERVHQKDQFHG DLU
PDFKLQH KDV D ODUJHU IXQGDPHQWBBUFRFEHFYHQW OHDQZKLOH WKH
WKLUG RUGHU KDUPRQLF LV DOWR.QBFUHDVHG LQ WKH SURSRVHG PDF
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7KH HIFHOOHQW RYHUORDG FDSDEL LW\ RI WKH SU HG PDFKLQH LV

PDLQO\ GXH WR WKH UHGXFHG DUPDWXYPGCLROFNARRPO IREHERP FRUWLG ) RUFI
KDUPRQLFV RI WKH DUPDWXUH ZIKQ®HJZ K H WH @IRODMDEQEDEB®FHG PDJQHWLF |
WKH ZRUNLQJ KDUPRQLFV DUH XQDILWEWHGLQL L QG XFRWPSLODUMH VD SYKMLFDW LR Q\
IOX] GHQVLW\ GLVWULEXWLRQ RI WWHMSEFRRDOMQWHRODWP DORZISURSRFBGDQF
PDFKLQHV XQGHU DQ RYHUORDG FRJ®RQAVHNERW R @D VFLQIPHIQWWRW R B DFKL(
7KH FRQYHQWLRQDO PDFKLQH SHUIRPPARBWUH NEHQGR S\ WHUN-EX YA BIRGV KLH

ZKLFK LQFUHDVHV WKH PDJQHWLF RAHXAKEBBXHWD G*OL%G%NH/‘(/UMF%HVLRQV
HIITHFWLYH PDJQHWLF ORDGLQJ +|{-|+Q§MR\§RMW@RBFPRM @U"Q/GXL#WL WwHo\ -,
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FRQGLWLRQ D &RQYHQWLRQDO PDFKLQH E 3u G 00,
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&RPSDUHG ZLWK WKH FRQYHQWLR®D R POH K LR oW 8 b@EXWW R Q3 WRHIGHR Q G L
SURSRVHG PDFKLQH LV UHGXFHGWX BRI W KLBKERWRQEDFKLQRN WKH XQEDO
FRQYHQWLRQDO PDFKLQH 7KH WHLIKIR@GZHHIOW KHDObh & BI'G H\R @/ IHWWER 8 R BIDLAH LR/
DQDO\VLV LQ 6HFWLRQ ,, ,Q DEKs IDVOMARQH BMXHD WIXIUBIOWHHID EQVGE RW D B ®E W)LLR Q

FRQWULEXWHV WR WKH LPSURYH®G SRZHUG| BEWWR U L DXYWLR@WV RIUDRWHKL BBIF K L Q
yLJ GHSLFWV WKH LQGXFHG YROWD®HD @G UWKLRQO O WKHNVI YR) G QW BE U V V
KDUPRQLFV RI ERWK PDFKLQHV XQGRUUDRIKRHHG LQSXW FXHRKPRWFPRHGHIUHH
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FDQ EH FDQFHOHG RXW ZKHQ P HDKXHHQJ
SKDVH < FRQQHFWLRQ ,W LV DOVR REVH
YDOXH RI WKH OLQH EDFN (0) LV WBHIKW
)($ UHVXOW ZKLFK LV DW

C E
)LJ 1R ORDG OLQH EDFN (0) D :DYHIRUPV
GLVWU
)LJ D VKRZV WKH FXUUHQW ZDYHIRL

UDWHG FRQGLWLRQ 7KH ZDYHIRUP LV \

KLJK RUGHU KDUPRQLFVY DV VKRZQ LQ

E FRPSDUHYVY WKH RXWSXW WRUTXH ZDYHIR

)L 7KH WHVW ULJV RI WKHDSURSBW BVWY 9300 HVXOWYV XQGHU WKH UDWH GLPR @/® M IRRX

WRUTXH WHVW ULJ RI WKH WHVW SODWIRUP WKH VOB8SOWQJ
FDQ EH REVHUYHG WKDW ERWK ZDYH
IOXFWXDWLRQV GXULQJ VHFRQWK\WH ZK

EDQGZLGWK OLPLW RI WKH WRUTRK VHQ\
LPSRUWDQW IDFWRU DIIHFWLQJ W RWKHXH
WRUTXH YDULDWLRQ RI WKH SURSRVHG
PHDVXUHG 7KH WHVW UHVXOW BIGGLQLP X
)LJ FEKH PHDVXUHG FRJJLQJ WRUTXH L
ODUJHU WKDQ WKH VLPXODWLRQ UHVXC

C E
)LJ OHDVXUHG ZDYHIRUPV RI 1R WRDEDERFN @PXVHGkE\ WKH PHFKDQLFDO WRHDHUDC
/ILQH EDF PDQXIDFWXUH
C E
C E )L OHDXVHUG SKDVH FXUUHQW XQGHU WKH UDW
yLJ 1R ORDG SKDVH EDFN (0) D :DYHIRUBYH|RE P *+Dr PRIUFRC
GLVWU

)LJ D DQG E GHSLFW WKH PHDVXUHG ZDYHIRUPV RI QR ORDG
SKDVH EDFN (0) DQG OLQH EDFN (0) UHVSHFWLYHO\ ZKHQ WKH
SURSRVHG PDFKLQH URWDWHYV DW LWV UDWHG VSHHG RI USP ,Q
DGGLWLRQ WKH FRPSDULVRQV EH®&WZHHQ WKH VLPXODWHG DQG PHDVXUH
QR ORDG SKDVH EDFN (0) DQG OLQH EDFN (0) ZDYHIRUPV DUH

LOOXVWUDWHG LQ )LJ D DQG )LJ D 7KH UHVXOWYVY GHPRQVWUDWH
JRRG DJUHHPHQW EHWZHHQ WKH RHDVXUHG YDOXHY DQG )($ UHVXOW
JXUWKHUPRUH )LJ E DQG )LJ E FRPEDUH WKH WRWDQO

KDUPRQLF GLVWRUWLRQ 7+' RI ERWK YRKHxHB&KPMKUPDREMN 60)2XWwWSXW WRUTXH )

ZDYHIRUPV DQG OLQH EDFN (0) ZDYH&RWPRYI WRUTXYHZRUWK QRWLQJ

WKDW WKH 7+' YDOXHV RI WKH OLQH EDFN (0) DUH ORZHU WKDQ WKRVH

RI WKH SKDVH EDFN (0) PDLQO\ EHFDXWHDWKH WU 8 QR WEKIH) KWW PRIDWH G WRUT X
WRUTXH DIJDLQVW FXUUHQW FXURXM DUH
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D PLQRU GLVFUHSDQF\ FDQ EH REVHUYHG EHWZBHHLQ/ (WWKH7 )($ DQG
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WKH RYHUDOO WUHQGV RI WKHVH UHYXQWYK &P HRBEAKREWBHRWow XQGHU 3UR

5()(5(1&(6

>@ 7 &KDX & & &KDQ DQG &KXQKXDHQW 32YF
PDJQHW EUXVKOHVV GULYHV |IRWHKOMFMWLF DQ
7UDQV ,QG {®ROFW URXR Ss + -XQ
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FRQVHTXHQW SROH 30 PDFKLQHV ZLWKRXW XOQ
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GLIIHUHQFH EHWZHHQ WKH VLOLFRQ "WE'I UMY OIRMRL R Qs B RIS R L
PDQXIDFWXULQJ DUH ORW FRQVLG H UM tuQaF;($ $L0W:K RROXK WGGH:U b D°8 BIMIZR QH O
VRPH VOLIKW GLITHUHQFHV EHWZHWQ VKKGVLESH 5 0UED W LARVOHY AlgH Y PR S QHFIRWLRQ
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