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/KH '"HVLIJQ DQG '"HYHORSPHQW RI D OHF
6LPXODWLRQ 7HVW 5LJ IRU (GXFDWLR

'RXPRXUDV$SUHWDEDNERXIPHOE RWMDMVYK LRXBDNLV

P/’ DERUDWRU\ RI 7TKHUPDO 7XUERPDFKLQHYV
1IDWLRQDO 7HFKQLFDO 8QLYHUVLW)\ RI $WKHQV $WKH
E6HFWLRQ RI 1DYDO $UFKLWHFWXUH ODULQH (QJLQH

+HOOHQLF 1DYDO $FDGHP\ 3LUDHXV *UHHFH

$EVWUDKMW SDSHU GHVFULEHV WKH SURFHVV Rl GHVLJQLQJ DQ¢
IDXOWV VLPXODWLRQ WHVW ULJ WR VXSSRUW FRXUVHV RQ JD
FRQWH[W WKH WHVW ULJ LV GHVLJQHG WR UHLQIRUFH VWXGH
LQVWUXPHQWDWLRQ DQG PHDWMXUWHRHQIMWW WRBOADEPY WEPH H[S
PHFKDQLFDO IDXOWV V\PSWRPV DQG GLDJQRVLV 7KH GHVLJQ Z
SDUW RI IXOILOOLQJ WKH UHTXLUHPHQWYV IRU REWDLQLQJ D G
GHVLJQ UHTXLUHPHQWYV IRWHGXGD\WORQDONREMHFIWQWIEY DUH GL
WKH FRQVWUXFWLRQ GHWDLOV Rl WKH WHVW ULJ 7KH LQVWUXF
FKDUDFWHULVWLFV DUH DOVR SUHVHQWHG DORQJ ZLWK VDPSC
IDXOWV WKDW KDYH VLJQLILFDQW YDOXH IRU HGXFDWLRQDO S
IURP WKH XVH RI WKH WHVW ULJ DV SDUW RI DQ HGXFDWLRQDO
HGXFDWLRQDO EHQHILWYV IRU WKH VWXGHQW WKDW KDV XQGHU\

H\ZRUQBGXFDWLRQDO H[SHULP HQW®WNQ G PHIDYWAMPEQWY *DV W
GLDJQRVLYV
3$&6 0\ |

,1752'8&7,21

9LEUDWLRQ PHDVXUHPHQWY DUH D YLWDO SDUW Rl WKH JDV W
RI WKH SUHYHQWLYH PDLQWHQDQFH WHFKQLTXH O9LEUDWLRQ ¢
PHFKDQLFDO FRQGLWLRQ DQG HDFK V\VWHP KDV D VSHFLILF KHD¢
PDQXIDFWXULQJ WROHUDQFHV OHFKDQLFDO IDXOWV RU HQJLQH
LQFUHDVHG YLEUDWLRQ OHYHO WKXV GLDJQRVWLF LQIRUPDWLF
YLEUDWLRQ PHDVXUHPHQWVY $FFRUGLQJ WR %R\FH > @ YLEUD
SHUIRUPDQFH DQDO\VLV LV DQ XQEHDWDEOH WRRO DV D WRWDQ
SRZHU SODQW XWLOL]DWLRQ DQG VLJQLILFDQW FRVW VDYLQJV

,Q RUGHU WR IXOO\ H[SORLIWL WBEOGL DQQR\AWDFVGR @ P DYV X UH P +
VKRXOG KDYH D FOHDU XQGH UV WDIQQVGALDX PRIQ WROWR. R G \RKIDAULFR/W H L
WHFKQLTXHV XVHG LQ YLEUDWLRQ DQDO\VLV DQG LI SRVVLEOH \
IDXOWV WKDW RFFXU LQ URWDWLQJ WXUERPDFKLQHU\ FRPSRQHC
QHHGHG NQRZOHGJH DQG H[SHULHQFH LV E\ XVLQJ D VXLWDEOH
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WKHRU\ Rl YLEUDWLRQ DQDO\VLY DQG IDXOW LGHQWLILFDWLRQ
PDUNHW > @ DQ DSSURDFK WKDW FDQ EH IROORZHG LV WR EXLOC
7KH GHFLVLRQ RI GHVLJQLQJ DQG EXLOGLQJ WKH WHVW ULJ ZD
WKLV DSSURDFK RIITHUV $Q REKH RROEWQKFMWALRY AIKQ@WH WDLORL
HGXFDWLRQDO YLVLRQ RI WKH WHDFKHU DQG WKH FRXUVHV REMF
WR EH NHSW ZHOO EHORZ WKH PDUNHW SULFH RI VLPLODU FRPPH
WKH IDFW WKDW WKH GHVLJQ DQG GHYHORSPHQW SURFHVV FDQ L
DVSHFW LV WKDW WKH VWXGHQW UHVSRQVLEOH IRU WKH GHVLJQ
SURMHFW WKDW GHDOV ZLWK PDQ\ GLVFLSOLQHG RI KLV VWXGL}
VDWLVIDFWLRQ RI VHHLQJ VRPHWKLQJ FDOFXODWHG DQG GUDZQ
VHFRQG YHU\ LPSRUWDQW DVSHFW LV WKDW KDYLQJ WKH RXWFF
XVDJH WR IXWXUH JHQHUDWLRQV JLYH WKHP FRQILGHQFH RQ W
SXUVXH VLPLODU LQWHJUDWHG SURMHFWY %DVHG RQ WKLV UHD
GLSORPD SURMHFW DQG PDWHULDOL]HG E\ D ILQDO \HDU VWXGH
7KHUPDO 7XUERPDFKLQHV RI 1DWLRQDO 7HFKQLFDO 8QLYHUVLW\
7KH SUHVHQW SDSHU GHVFULEHV WKH GHVLJQ DQG GHYHORSPH
VLPXODWH PHFKDQLFDO IDNRMBRFDWKDWHWRFERUDLDRQWUROOHG
ILWWHG ZLWK W\SLFDO LQVWUXPHQWDWLRQ IRXQG LQ WKH ILHOG
VIVWHP FKDUDFWHULVWLFV DUN DPSH\HH Q WXGO W\O RQ JVZPWED WH G
IDXOWV WKDW KDYH VLJQLILFDQW YDOXH IRU HGXFDWLRQDO SXU!
XVH RI WKH WHVW ULJ DV SDUW RI DQ HGXFDWLRQDO SURFHGXU
EHQHILWY IRU WKH VWXGHQW WKDW KDV XQGHUWDNHQ WKH SURM

'(6,*1 2) 7+( 7(67 5,*

ODOIXQFWLRQV LQ WXUERPDFKLQHV DUH FDWHJRUL]JHG ERWK
RSHUDWLRQ 7ZR RI WKH PRVW FRPPRQ DQG PRVW IUHTXHQ
WXUERPDFKLQHY DUH XQEDODQFH DQG PLVDOLJQPHQW

8QEDODQFH LV D VLWXDWLRQ LQ ZKLFK VRPH DV\PPHWU\ H[LVW
D PDFKLQH ZLWK UHVSHFW WR WKH D[LV Rl URWDWLRQ ZKLFK KD
URWDWLQJ SDUW LV GLIIHUHQW IURP LWV D[LV RI URWDWLRQ 7K
VHHQ LQ )LJXUH

static unbalance couple unbalance quasi-static unbalance  dynamic unbalance

),*85( 7\SHV RI 8QEDODQFH

BWDWLF XQEDODQFH DSSHDUV ZKHQ WKH FHQWUH RI JUDYLW\ O
LQHUWLD LV SDUDOOHO WR WKH D[LV Rl URWDWLRQ ,Q WXLV FD
SKDVH &RXSOH XQEDODQFH LV GHILQHG DV WKH FRQGLWLRQ F
FURVVHV WKH D[LV Rl URWDWLRQ RQ WKH JUDYLW\ FHQWUH (YHC
WHQGY WR YLEUDWH DERXW LWV FHQWHU ZKHQ LW LV URWDWHG
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RSSRVLWH SKDVH GHJ GLIIHUHQFH 4XDVL VWDWLF XQEDODQ
DQG D FRXSOH XQEDODQFH 4XIWKHVAVRIMVEILW XRE ORI DQFED OV QFH Z
D[LV FURVVHV WKH D[LV RI URMDW LBRPDW DYSRLEWMBLUH 7KH Y
HQGV KDYH XQHTXDO DPSOLW XKBHIWWEKXW\58 BKXQHEDDKHQFH LV G\Q
DQG LW LV WKH PRVW FRPPRQ W\SH HQFRXQWHUHG LQ PDFKLQH
XQEDODQFH ZKHUH WKH D[LV Rl LQHUWLD DQG WKH D[LV RI URW
SDUDOOHO '\QDPLF XQEDODQHWGW DPSQ LMY XKGHWR | GLUERWDWLRQ D
VKDIW ,Q DGGLWLRQ PRVW RIWHQ LW H[KLELWY SKDVH DQJOHYV
RSSRVLWH IURP RQH DQRWKHU &RXSOH XQEDODQFH TXDVL VWD
FDQQRW EH FRUUHFWHG LQ D VLQJOH SODQH EXW UHTXLUH FRUUI

OLVDOLJQPHQW LQ FRXSOLQJV FDQ DSSHDU LQ WKUHH EDVLF W
SDUDOOHO RIIVHW ,Q WKLV WRSWKRI WV VEDOQL EHP R Q WH W K H UNZL F D C
LQ D FRPELQDWLRQ RI ERWK 7KH VHFRQG W\SH LV DQJXODU PLVE
DQJXODULW\ DJDLQ FDQ EH LQ WKH YHUWLFDO SODQH WKH KRL
FDVHV PLVDOLJQPHQW LQ FRXSOLQJV RFFXU DV D FRPELQDWLRQ

combination of parallel offset
and angular misalignment

parallel offset angular misalignment

),*85( 7\SHV RI OLVDOLJQPHQW

6LQFH PLVDOLJQPHQW DQG XQEDODQFH DUH WKH PRVW FRPPR
ZDV GHFLGHG WR GHVLJQ WKH WHVW ULJ LQ RUGHU WR VLPXODW|
HDVLO\ EH VLPXODWHG E\ SODMRY DHFGLMA BRYOWRIROWHWR D SL
VKDIW ,Q RUGHU WR VLPXODWH PLVDOLJQPHQW D FRXSOLQJ LV Q
WKH VKDIW UHODWLYH WR WKH FRXSOLQJ $FFRUGLQJ WR WKHVH
RI D VKDIW ZLWK GULOOHG KROHV DW VSHFLILF SRVLWLRQV XQE
PRWRU D VXLWDEOH FRXSOLQJ DQG D PHFKDQLVP WKDW ZLOO
UHODWLYH WR WKH FRXSOLQJ PLVDOLJQPHQW

7KH WHVW ULJ LV WDLORUHG IRU VXSSRUWLQJ FRXUVHV RQ
VHOHFWHG VKRXOG EH UHOHYDQW WR WKH WRSLF EXW DOVR RI L

&RQFHUQLQJ WKH QHHGHG PHDVXUHPHQWYV WKH YLEUDWLRQV |
VKRXOG EH PHDVXUHG DW WKH EHDULQJ SRVLWLRQV 7KH XVH RI
VLQFH WKH VHQVRU PXVW EH FORVH WR WKH VKDIW WKXV LW Z
HIWUHPH PLVDOLJQPHQW ZLW KIRXWH ULMMLQPOWRHURWREH RQDO
PHDVXUHG ZLWK JRRG DFFXUDF\ LQ RUGHU WR FKDUDFWHUL]H YLI

)LQDOO\ LQ RUGHU WR LQFUHDVH WKH LPSDFW DQG WKH LQWF
UHVXOWV LQ WKH IRUP RI IDXOWV VLIJQDWXUHV VKRXOG EH SUFR
SXUSRVH D SURJUDP WKDW FDRQ DRMHDIOV XHU HPKIHQ WV EU@ W HDO WLP
SRZHU VSHFWUD LQ D JUDSKLFDO HQYLURQPHQW VKRXOG EH XVH(
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'(9(/230(17 2) 7+( 7(67 5,*

7KH PDLQ SDUW RI WKH WHVW ULJ LV WKH URWDWLQJ VKDIW ¢
WRSLF RI WXUERPDFKLQHU\ $ VPDOO WXUERFKDUJHU VKDIW LQF
LGHDO IRU WKLV SXUSRVH VLQFH LW FRQWDLQV WKH WXUERPD
H[SHULHQFH WR WKH VWXGHQWY 7KH VHOHFWHG VKDIW ZKLFK L
LQ )LIJXUH 7TKH WXUELQH URWRU FRQVLVWYV RI YDQHV DQG \
EODGHV 7KH WRWDO OHQJWK RI WKH VKDIW LV PP DQG LWV WF

),*85( 7KH VHOHFWHG VKDIWDRQBWEDRHQILRRVLWLRQV $ %

7KH VKDIW ZDV GHFLGHG WR EH VHDWHG DW WZR SRLQWV SRL
XVHG DUH GHHS JURRYH EDOO EHDULQJV ZLWK DQ LQQHU GLDPH
VWURQJ UDGLDO IRUFHV EXW FDQ DOVR DFFHSW D[LDO IRUFHV )
XVHG

,Q RUGHU WR KDYH WKH DELOLW\ WR EDODQFH WKH VKDIW EXW
UHPRYDO RI PDVVHV IURP VSHALIURWDWERY DURXMKRXXMOG EH SRV
DFKLHYH WKLV KROHV DUH GULOOHG DW WKH WXUELQH DQG WKH
DUH GULOOHG 7KHLU UDGLDO SRVLWLRQ LV PP IRU WKH WXUI
SODQH 7KH DQJOH EHWZHHQ WZR KROHV LV FRQVWDQW DQG HTXI
PDVVHV DUH VPDOO VFUHZV RI GLITHUHQW OHQJWK

).,*85( 3ODFHV IRU EDODQFLQJ PDVVHV DW WXUELQH DQG FRF

,Q RUGHU WR VLPXODWH PLVDOLIJQPHQW WKH WZR VKDIW VHI
PRYHPHQW $Q DSSURSULDWH PHFKDQLVP LGHQWLFDO IRU WKH W
FDQ EH VHHQ LQ )LJXUH 7KH PDLQ VHDWLQJ SDUW LV / VKDSH¢
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EHDULQJ KRXVH 6LGH WR VLGH KROHV KDYH EHHQ GULOOHG LQ
LQVLGH LWHP ,WHP LV ULVHQ E\ D VFUHZ URG LWHP $ FOI
WLJKWHQLQJ RI LWHP WR WKH VHDWLQJ DVVHPEO\ $ FRXQWHU
YHUWLFDO ULVH RI LWHP 6LQFH ERWK VKDIW HQGV VKRXOG EI
SXUSRVH RI PLVDOLJQPHQW VLPXODWLRQ WKH FRXSOLQJ RI Wi
FRPPHUFLDO RQH 7KLV LV GXH WR WKH IDFW WKDW FRPPHUFLDC
PLQLPL]JH PLVDOLJQPHQW HIIHFWV $ QRQ HODVWLF FRXSOLQJ .
FRXSOLQJ FRQVLVWV RI WZR VHSDUDWH SDUWV RQH ILWWHG WR
HOHFWURPRWRU VKDIW DQG WKH URWDWLQJ VKDIW KDYH EHHQ S
WKH FRQMXQFWLRQ RI FRXSOLQJ SDUWV WR WKHP ZLWK VFUHZV
RWKHUMXWHAWHZYV SODFHG LQ VLGHKRVRHVLGHK BOUMQHE OOHG V\PF
URWDWLQJ D[LV 7KH FRQVWUXFWHG FRXSOLQJ FDQ EH VHHQ LQ

_J,.{;:-I,,.\.j
=
»Iv -

—

),*85( 7KH VHDWLQJ DVVHPEO\

),*85( &RXSOLQJ SDUWYV

7KH PRWRU VHOHFWHG LV D SKDVH LQGXFWLRQ HOHFWURPRW |

YDOXH RI N: LW LV FRQQHFWHG ZLWK D 9 VXSSO\ SRZHU DC
$ ZLWK D IUHTXHQF\ RI +] 3RZHU |IDFMKRIUUDINODGH MS/HABVL YV
DQG WKH VOLGH YDOXH LV DERXW V 7KH HOHFWURPRWRU LV G|

RI WKH VKDIWTV DQJXODU YHORFLW\ 7KH LQYHUWHU KDV D IUHT
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VHQVRU LV XVHG IRU WKH DQJXOW WL YBARFSEQWD PH® \FPORHWVMH WR WKF
JLIXUH 7KH VHQVRU VLJQDO LV OHG WR D IUHTXHQF\ YROWDJH
SUHVHQWHG LQ D /(' GLVSOD\ HLWKHU LQ USP RU +] XQLWYV

),*85( &RXSOLQJ DQG LQGXFWLYH VHQVRU

,Q RUGHU WR PHDVXUH YLEUDWLRQ OHYHO WZR DFFHOHURPHW
DFFHOHURPHWHU SODFHG DW $ SRVLWLRQ )LJXUH PHDVXUHV V
WKH DFFHOHURPHWHU SODFHG DW % SRVLWLRQ PHDVXUHV WKH Y
DFFHOHURPHWHU LV PRXQWHG RQ WRS RI WKH EHDULQJ KRXVLQ
ZKLOH LW LV LQVXODWHG LQ RUGHU WR SUHYHQW WKH FXUUHC
DFFHOHURPHWHUY DQG WR WKH YLEUDWLRQ VLIJQDOV @FrFKHOHUR
DFFHOHURPHWHU LV FRQQHFWHG ZLWK D FKDUJH DPSOLILHU 7KH
FXW RIl KLIJK TUHTXHQFLHY DQG FRQVHTXHQWO\ WR DYRLG :DOLD
VLIQDO SURFHVVLQJ 8SSHU DQG ORZHU IUHTXHQF\ FXW RIlI OL
VHQVLWLYLWLHY DUH WKH EDWICGF ADRE 6 DI\LHQ\ EBHIUGRWWHRLNVQHG E\
VZLWFKHY DW DPSOLILHU{¥YXW KYWW DGHI1& ISFKIDMD RWMVIDPSOLILHUT\

),*85( 7HVW 5LJ OHDVXULQJ &KDLQ DQG 6LJQDOV IORZ GLE
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OHDVXUHPHQWYVY VLJQDOV DUH OHG WR WKH SURFHVVLQJ XQLW
ZLWK D GDWD DFTXLVLWLRQ FDUG KDYLQJ PD[LPXP WRWDO VDPS
DFFXUDF\ %1& SRUWYV DUH XVHG DV WKH FDUGYTV LQWHUIDFH ZLW
DQDO\]JHG DUH WKH DQJXODU YHORFLW\ LQGXFWLYH VHQVRU S}
VLIJQDOV Rl WKH WZR DFFHOHURPHWHUV 7KH GDWD SURFHVVLQJ
ZKLFK DOORZV WKH DQDO\VLV RI DFTXLUHG YLEUDWLRQ VLJQDOV
ZKLOH WKH UHVXOWYVY LQ WKH IRUP Rl SRZHU VSHFWUD DQG RI SR
FRQGLWLRQ DUH SUHVHQWHG WKURXJK D JUDSKLF LQWHUIDFH
PHDVXUHPHQWY DQDO\VLV VXFK DV WKH QXPEHU RI VDPSOHV IR
UDQJH JDLQ DQG VORSH YDOXHV IRU HDFK FKDQQHO 7KH PHDV:
WKH PHDVXUHPHQWY DUH SUHVHQWHG LQ )LIJXUH

SRWDWLQJ SDUWV Rl WKH WHVW ULJ FDQ EH GDQJHURXV ERWK
ZDV GHFLGHG WR SODFH D SOH[LJODV PDGH FRYHU RYHU WKH L
GHVLJQHG WR DOORZ WKH REVHUYDWLRQ RI WKH URWDWLQJ \
JXDUDQWHHY WKDW WKH WHVW ULJ ZRXOGQfW RSHUDWH ZKHQ W
DOXPLQXP IUDPH ZKLFK XSKROGV WKUHH PP SOH[LJODV VKHHWYV
YLIXUH

),*85( 7KH WHVW ULJ

3528 ('85( $1' 5(68/76 29+ ( /$%25$725< (:(5&,6(

$ W\SLFDO ODERUDWRU\ H[HUFLVH URXWLQH DORQJ ZLWK V|
YHULI\ WKDW WKH WHVW ULJ RSHUDWHV DV H[SHFWHG DQG WR KI
WKDW FDQ EH DFFRPSOLVKHG 7KH SULPDU\ REMHFWLYH RI WKH ¢
XQGHUVWDQG WKH EDVLF SULQFLSOHV RI GLDJQRVLV DQG WR DF
LQVWUXPHQWDWLRQ WKH PHDVXULQJ FKDLQ QHHGHG WR SHUII
DQDO\VLY QHHGHG LQ RUGHU WRQ D$QVRLW KGIRIVAEIRU WD BH IRW LD
VKRXOG EH FOHDU DV VKRXOG EH WKH DFWXDO SDWWHUQ RI WK
WLPH WKH VWXGHQWY VKRXOG XQGHUVWDQG WKH FRQFHSW RI ED
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3ULRU WR VWDUWLQJ WKH ODERUDWRU\ H[HUFLVH WKH PHDVXUL
HOHPHQWY RI URWRU G\QDPLRQ WKHR/X\U IDRMEQ W VE UDMW HD G\ FR
OHFWXUHV DUH GLVFXVVHG )ROORZLQJ WKH 3KHDOWK\" SRZHU
DQG WXUELQH IRU D VSHFLILF URWDWLRQDO VSHHG DUH HVWDEC
UHIHUHQFH FRQGLWLRQ LQ RUGHU WR FDOFXODWH SRZHU VSHF
LPSODQWHG 7KLV VWHS KLJKOLJKWY WKH EDVLF SULQFLSOH RI ¢
PHFKDQLFDO V\WWHP FKDQJHV WEE GS 8DUDPOWHWDWQWKWWHGHVFUL
RSHUDWLRQ OHDVXULQJ WKH SK\WLFDO TXDQWLWLHV FKDQJH UH
FDQ OHDG WR WKH ILQGLQJ RI WKH URRW FDXVHV Rl WKH V\VWH
DFTXLVLWLRQ WKH DGMXVWPH{JWRLAHG KWKHP SIXGHQWWHDQ G|
HITHFW RI FKDQJLQJ WKH VHWWLQJV WR WKH SRZHU VSHFWUD D¢
EHKLQG WKH VHOHFWHG VHWWLQJ

+DYLQJ HVWDEOLVKHG WKH UHIHUHQFH SRZHU VSHFWUD WKH Q
3ULRU WR IDXOW VLPXODWLRQ WKH WHDFKHU GLVFXVVHV ZLWK
WKHRU\ DQG GHVFULEHV PHFKDQLFDO DQG WXUERPDFKLQHU\ FF
XQEDODQFH 6XFK NLQGV RI IDXOWV DUH IRXOLQJ RU HURGH GX
DQG WKHUPDO HIIHFWV VKDIW VDJ DQG URWRU VWDWRU UXEV >

JROORZLQJ WKH WKHRUHWLFDO GLVFXVVLRQ XQEDODQFH RI \
VLPXODWHG )LUVWO\ D PDVV RI JU LV DGGHG DW WKHK FRPSU
FRXQWHUFORFNZLVH DQG WKH SRZHU VSHFWUD GLIIHUHQFH IU
DFFHOHURPHWHUVY DUH DFTXLUHG 7KH SRZHU VSHFWUD GLIIHUH
DFTXLVLWLRQ SURJUDP DUH SUHVHQWHG LQ )LIJXUH

D E
), *85( 3RZHU VSHFWUD GLIITHUHQIRW FRFPSOWVWRIQPXWEDBDQFH FDOFX
WKH FRPSUHVVRU SODQH DFFHOHURPHWHU DQG E WKH WXUEL

D E
), *85( 3RZHU VSHFWUD GLITHUHQFHWXDEKOWH VAQRDWXQHH KOOFXODW!
FRPSUHVVRU SODQH DFFHOHURPHWHU DQG E WKH WXUELQH
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7KH VDPH URXWLQH DGGLWLRQ RI D JB PRXYWHW D RFNZR VI
UHSHDWHG IRU VLPXODWLQJ WXUELQH XQEDODQFH DQG WKH FRU
DFTXLUHG )LJXUH

JURP WKH UHVXOWY SUHVHQWHG LW LV HYLGHQW WKDW WKH H[:
E\ WKH WHVW ULJ 6SHFLILFDOO\ DFFRUGLQJ WR WKH OLWHUDWXL
YLEUDWLRQ OHYHO DW [ RI WKH VKDIW URWDWLRQDO VSHHG IUF
WKHRUHWLFDO NQRZOHGJH WKURXJK REVHUYDWLRQ

7KH WHVW ULJ LV VWRSSHG DQG WKH VLPXODWLRQ RI PLVDOL.
H[DPSOH WKH WHDFKHU GLVFXVV DERXW UHDO ZRUG FDVHV RI
SUREOHPV WKDW PD\ DULVH VXFK DV H[FHVVLYH YLEUDWLRQV Z
IDLOXUHV $OVR WKH PRVW SUREDEOH FDXVHV IRU PLVDOLJQP!
H[SDQVLRQ Rl WKH JHDU KRXVLQJ LQ FDVH RI SRZHU SURGXFWLRC
ZLWK WKH SDUDPHWHUV WKDW GHILQH WKH PLVDOLJQPHQW WRO}
EHDULQJV

,Q RUGHU WR VLPXODWH PLVDOLJQPHQW WKH VKDIW HQG FRQC
PRYHG YHUWLFDOO\ YLD WKH VHDWLQJYV PHFKDQLVP GHVFULEF
VLIQDWXUHY DUH DFTXLUHG DQG SURPSWO\ DQDO\VHG 7KH UHVX(

D E
), *85( 3RZHU VSHFWUD GLIITHUHQFHY PIID OCW JQIRIKOWY X DO FXODWHG
FRPSUHVVRU SODQH DFFHOHURPHWHU DQG E WKH WXUELQH

JURP WKH UHVXOWYVY SUHVKDRWHGKHWH[LYHFAWHGH W QDWXUH RI
SURGXFHG E\ WKH WHVW ULJ 6SHFLILFDOO\ DFFRUGLQJ WR WKH
LQFUHDVH Rl WKH YLEUDWLRQ OHYHO DW [ RI WKH VKDIW URW
VWXGHQWY YHULI\ WKH WKHRUHWLFDO NQRZOHGJH WKURXJK REV

,Q RUGHU WR IXUWKHU LQFUHDVH WKH LQVLJKW Rl WKH VWXGH
PHDVXUHPHQWY WDNHQ GXULQJ WKH XQEDODQFH VLPXODWLRQ 7
WKH EDODQFLQJ PDVVHVY DQG WKHLU UDGLDO SRVLWLRQ WKDW V
WXUELQH SODQH LQ RUGHU WR EDODQFH WKH VKDIW 7KH PHWE
VWDQGDUG WZR SODQH LQIOXHQFH FRHIILFLHQW PHWKRG > @

('8&$7,21%/ $63(&76

7KH WHVW ULJ GHYHORSHG GXULQJ D GLSORPD WKHVLV E\ DQ
IRU VXSSRUWLQJ FRXUVHV RQ JDV WXUELQH GLDJQRVWLF PHWK
YDOXH IRU ERWK WKH VWXGHQW WKDW GHVLJQHG DQG FRQVWUX
XVH LW

$V D ODERUDWRU\ H[HUFLVH LDW WHIFKNV HG® MERHASHULHQWLE
SULQFLSOH RI GLDJQRVLV ,W HQKDQFHV WKH XQGHUVWDQGLQJ R
VSHFWUXP DQG IDXOWV VLJQDWXUH ZKLFK DUH RI SDUDPRXQW
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PHWKRGV $W WKH VDPH WLPH WKH VWXGHQWY OHDUQ KRZ WR V
YLEUDWLRQV RI D URWDWLQJ V\VWHP DQG WKH\ XVH WKH NQRZ
SUREOHP VKDIW EDODQFLQJ $QRWKHU LPSRUWDQW DVSHFW R
WKHRUHWLFDO NQRZOHGJH WKURXJK REVHUYDWLRQ LQ UHDO WLF

&RQFHUQLQJ WKH VWXGHQW WKDW GHVLJQHG DQG SDUWLFLSDV
SURFHGXUH KDV VHYHUDO HGXFDWLRQDO DVSHFWV ([HFXWLRQ
FRQWLQXDO DYRFDWLRQ ZLWK WKH VXEMHFW DQG WKH VWXGH:!
FRRSHUDWLQJ ZLWK WHFKQLFLDRY DAKEX\Z LMPKK QVIKW L DX SHWIYO ZRU |
FRQGLWLRQV 7KH VWXGHQW ZRUNHG LQ WKH ZRUNVKRS DQG XVF
PDWHULDOV HOHFWURQLF HTXLSPHQW DQG LQVWUXPHQWDWLF
HQJLQHHULQJ GLVFLSOLQHV 7KH VWXGHQW ZDV HQFRXUDJHG
HQJLQHHULQJ SUREOHPV WKDW DURVH GXULQJ WKH SURMHFW :
YHQGRUV DQG PDQXIDFWXUHUV JDLQLQJ H[SHULHQFH WR WKH IL
KLV GHFLVLRQ PDNLQJ DELOLWLHV

7KH IDFW WKDW WKH WHVW ULJ KDV EHHQ GHYHORSHG E\ D GLS
LQ WKH HGXFDWLRQDO SURFHVV 6SHFLILFDOO\ LW JLYHV VWXG
PRWLYDWH WKHP WR SXUVXLW VLPLODU PXOWLGLVFLSOLQDU\ S
FRQWUD URWDWLQJ FRPSUHVVRU IDFLOLW\ WKDW KDV EHHQ DVV
WKLV SURMHFW DQG ZDV FRQFOXGHG E\ WKHP > @
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7KH SURFHVV IRU GHVLJQLQJ DQG VHWWLQJ XS D PHFKDQLFDC
GHVFULEHG 7KH GHVLJQ SURFHVV KDV EHHQ GHVFULEHG VWDU
JRLQJ WKURXJK VSHFLILF FKRLFHV IRU WKH ILQDO OD\RXW 7KH =z
RQ WKH EDVLV RI VHUYLQJ LQ WKH EHVW ZD\ WKH HGXFDWLRQI
GHVWLQHG IRU 7KH WHVW SURFHGXUH DQG VDPSOH UHVXOWYV
VXFFHVVIXO RSHUDWLRQ RI WKH WHVW ULJ DQG FRQILUPLQJ WKH
HGXFDWLRQ DVSHFWYV DQG H[SHFWHG EHQHILWY IRU HLWKHU VW
LOQVWDOODWLRQ RU VWXGHQWYV XVLQJ WKH WHVW ULJ DV D VXS
KLIKOLJKWHG
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