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ìï 6&23(
7KLV 7HFKQLFDO 0DQXDO GHVFULEHV WKH 0LWVXELVKL )5ð$èíí DQG )5ð(èíí õ-DSDQHVH GRPHVWLF YHUVLRQô 6HULHV
7UDQVLVWRUL]HG ,QYHUWHUVï 7KH )5ð(èëíõ6ôðíïì. WR êïæ. GHVFULEHG LQ WKLV PDQXDO KDYH WKH VSHFLILFDWLRQV

FRUUHVSRQGLQJ WR WKRVH RI WKH SURGXFWV RI WKH IROORZLQJ VHULDO QXPEHUV õ6(5,$/ô DQG ODWHUï 3OHDVH QRWH WKDW

WKH LQYHUWHUV KDYLQJ WKH VHULDO QXPEHUV EHIRUH WKRVH JLYHQ EHORZ VKRXOG EH KDQGOHG GLIIHUHQWO\ï

7\SH 6(5,$/ õ6HULDO 1XPEHUô

)5ð(èëíõ6ôðíïì. WR íïé.õ&ô $åç{{{{{{
)5ð(èëíõ6ôðíïæè.õ&ô $åç{{{{{{
)5ð(èëíðìïè.ñ ëïë.õ&ô $åç{{{{{{
)5ð(èëíðêïæ.õ&ô $åç{{{{{{

$ å ç {{{{{{
6\PERO <HDU 0RQWK &RQWURO QXPEHU

6HULDO QXPEHU
$V LQGLFDWHG DERYHñ 6(5,$/ FRQVLVWV RI ì V\PERO FKDUDFWHU DQG å VHULDO QXPEHU FKDUDFWHUVï

ëï 02'(/ð7<3( &255(6321'(1&(6
7KH PRGHOV õVHULHVô DQG WKH LQYHUWHU W\SHV LQGLFDWHG DERYH FRUUHVSRQG WR HDFK RWKHU DV OLVWHG EHORZã

,QYHUWHU 6HULHV 6\PERO ,QYHUWHU 7\SH

)5ð$èíí VHULHV $èíí
)5ð$èëíð{{.
)5ð$èéíð{{.

)5ð(èíí VHULHV (èíí
)5ð(èëíð{{.
)5ð(èëí6ð{{.

$OO RI DERYH WZR VHULHV &20021 $OO RI DERYH IRXU W\SHV

êï +2: 72 ,'(17,)< 7+( &255(6321',1* 02'(/6
7KH V\PERO IROORZLQJ WKH WLWOH GHQRWHV WKH PRGHO õVHULHVô FRUUHVSRQGLQJ WR WKDW LWHP RU WKH PRGHO õVHULHVô

KDYLQJ WKDW IXQFWLRQï õ)RU FRUUHVSRQGHQFHVñ UHIHU WR WKH DERYH WDEOHïô

>([DPSOH@ z ìïçïëä èðSRLQW IOH[LEOH 9î) FKDUDFWHULVWLF > 3Uï æìñ ìíí WR ìíä@ $èíí

&RUUHVSRQGV WR WKH )5ð$èíí VHULHVï

,W GRHV QRW FRUUHVSRQG WR WKH )5ð(èíí VHULHVï

z ìïçïæ 2XWSXW IUHTXHQF\ UDQJH &20021

&RUUHVSRQGV WR ERWK WKH )5ð$èíí DQG )5ð(èíí VHULHVï

éï 6$)(7< ,16758&7,216
z 7R HQVXUH FRUUHFW DQG VDIH RSHUDWLRQñ DOZD\V UHDG WKH û,QVWUXFWLRQ 0DQXDOû EHIRUH XVLQJ WKH
HTXLSPHQWï

z 7KH 0LWVXELVKL WUDQVLVWRUL]HG LQYHUWHUV DUH QRW GHVLJQHG RU PDQXIDFWXUHG IRU XVH ZLWK DQ\ HTXLSPHQW
RU V\VWHP WKDW ZLOO EH XVHG XQGHU OLIHðHQGDQJHULQJ FRQGLWLRQVï
3OHDVH FRQWDFW \RXU 0LWVXELVKL VDOHV UHSUHVHQWDWLYH LI \RX DUH FRQVLGHULQJ WKH XVH RI DQ\ RI WKH
SURGXFWV JLYHQ LQ WKLV PDQXDO ZLWK DQ\ HTXLSPHQWñ V\VWHP HWFï GHVLJQHG IRU SDVVHQJHUñ PRELOHñ
PHGLFDOñ DHURVSDFHñ QXFOHDU HQHUJ\ñ SRZHU RU XQGHUVHD SXUSRVHVï

z 7KLV SURGXFW KDV EHHQ PDQXIDFWXUHG XQGHU VWULFW TXDOLW\ FRQWUROï
+RZHYHUñ ZKHQ XVLQJ LW ZLWK LPSRUWDQW HTXLSPHQW ZKLFK ZLOO HQGDQJHU OLIH RU DQ\ HTXLSPHQW WKDW LV
H[SHFWHG WR JLYH ULVH WR VHULRXV ORVV GXH WR DQ LQYHUWHU IDLOXUHñ LQVWDOO VDIHW\ GHYLFHV WR SUHYHQW
VHULRXV DFFLGHQWVï

z 'R QRW XVH WKLV HTXLSPHQW ZLWK DQ\ ORDGV RWKHU WKDQ WKUHHðSKDVH LQGXFWLRQ PRWRUVï

èï 0,6&(//$1(286
z 3Uï XVHG LQ WKH PDQXDO LV WKH DEEUHYLDWLRQ RI D SDUDPHWHU DQG D QXPHUDO IROORZLQJ WKDW LQGLFDWHV D
IXQFWLRQ QXPEHUï



&217(176

ì 63(&,),&$7,216 ì

ìïì 6SHFLILFDWLRQ OLVW ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ì

ìïìïì 5DWLQJV ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ì

ìïìïë &RPPRQ VSHFLILFDWLRQV ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð é

ìïë 6SHFLILFDWLRQ FRPSDULVRQ OLVWðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð å

ìïëïì 6SHFLILFDWLRQ FRPSDULVRQ OLVWðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð å

ìïê 6WDQGDUG &RQQHFWLRQ 'LDJUDPV DQG 7HUPLQDO 6SHFLILFDWLRQVðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððìê

ìïêïì ,QWHUQDO EORFN GLDJUDP ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððìê

ìïêïë 'HVFULSWLRQ RI ,î2 WHUPLQDO VSHFLILFDWLRQV ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððìè

ìïé ,QIRUPDWLRQ RQ WKH 8VH RI WKH ([WHUQDO 7HUPLQDOVððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððëì

ìïé 6ZLWFKLQJ WKH LQYHUWHU SRZHU RQîRII õ5ñ 6ñ 7ô &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëì
ìïéïë &RQQHFWLQJ ([WHUQDO 3RZHU 6XSSO\ WR WKH &RQWURO &LUFXLW õ7HUPLQDOV 5ìñ 6ìô $èíí ððððððððððððððððððððððððððððððëê

ìïéïê 6ZLWFKLQJ WKH LQYHUWHU RXWSXW 0& RQîRII õ8ñ 9ñ :ô &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððëé

ìïéïé ,QSXW VLJQDOV &RPPRQðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððëè

ìïéïè 5XQ DQ VWRS õ67)ñ 675ñ 6723ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððëå

ìïéïç 5HODWLRQVKLSV EHWZHHQ IUHTXHQF\ VHWWLQJ LQSXW VLJQDOV DQG RXWSXW IUHTXHQFLHV

õìíñ ìí(óñ ëñ èñ ìóñ éñ $8ô &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððêì

ìïéïæ ([WHUQDO IUHTXHQF\ VHOHFWLRQ õ5(;ñ 5+ñ 50ñ 5/ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððêè

ìïéïå -RJ RSHUDWLRQ õ-2*óô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððêæ

ìïéïä ([WHUQDO WKHUPDO UHOD\ LQSXW õ2+ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððêæ

ìïéïìí 6HFRQG DQG WKLUG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHOHFWLRQ õ57ñ ;äóô &20021 ðððððððððððððððððððððððððððððððððððððððððêå

ìïéïìì ,QYHUWHU RXWSXW VWRS õ056ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððêä

ìïéïìë 5HVHW VLJQDO õ5(6ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððéí

ìïéïìê $XWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH VHOHFWLRQ õ&6óô &20021 ððððððððððððððððððððððððððððððððððððððððððéì

ìïéïìé +LJK SRZHU IDFWRU FRQYHUWHU FRQQHFWLRQ õ;ìíóñ ;ììóô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððéê

ìïéïìè ëé9'& DQG H[WHUQDO WUDQVLVWRU FRPPRQ õ3&ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððéé

ìïéïìç 2XWSXW VLJQDOV õ581ñ 68ñ ,3)ñ 2/ñ )8ñ $ñ %ñ &ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððéè

ìïéïìæ 0HWHU FRQQHFWLRQ DQG DGMXVWPHQW õ)0ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèë

ìïéïìå $QDORJ RXWSXW DGMXVWPHQW õ$0ô $èíí ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèê

ìïéïìä &RQWURO FLUFXLW FRPPRQ WHUPLQDOV õ6'ñ èñ 6(ô &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèé

ìïéïëí 6LJQDO LQSXWV E\ FRQWDFWOHVV VZLWFKHV &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèé

ìïéïëì &RQQHFWLRQ WR 38 FRQQHFWRU &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèè

ìïè )XQFWLRQ õ3DUDPHWHUô /LVWððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèç

ìïèïì )5ð$èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððèç

ìïèïë )5ð(èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððçê

ìïç )XQFWLRQV õ3DUDPHWHUVô ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððçæ

ìïçïì 2SHUDWLRQ PRGH VHOHFWLRQ > 3Uï æä@ &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððçæ

ìïçïë 3DUDPHWHU ZULWH LQKLELW VHOHFWLRQ > 3Uï ææ@ &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððæè

ìïçïê 5HYHUVH URWDWLRQ SUHYHQWLRQ VHOHFWLRQ > 3Uï æå@ &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððæç

ìïçïé )UHTXHQF\ UHVROXWLRQ &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððæç

ìïçïè 0RWRU IUHTXHQF\ñ VSHHG GLVSOD\ > 3Uï êæñ èèñ èçñ ìééóñ äííñ äíìó@ &20021ððððððððððððððððððððððððððððððððððððððððððððææ

ìïçïç )UHTXHQF\ VHWWLQJ

> 3Uï é WR çñ ìèñ ìçñ ëé WR ëåóñ êåóñ êäóñ èäñ æêñ ëêë WR ëêäñ äíë WR äíèñ äëëóñ äëêó@ &20021ðððððððððððððððððððððåì

ìïçïæ 2XWSXW IUHTXHQF\ UDQJH > 3Uï ìñ ëñ ìêñ ìå@ &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððäí



ìïçïå 2XWSXW IUHTXHQFLHV DQG DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV

> 3Uï æñ åñ ìçñ ëíñ ëìñ ëäñ ééñ éèñ ììíóñ ìììóñ ìéí WR ìéêó@ &20021ðððððððððððððððððððððððððððððððððððððððððððððððððððððððäë

ìïçïä 2XWSXW IUHTXHQFLHV DQG RXWSXW YROWDJHV > 3Uï íñ êñ ìéñ ìäñ éçñ éæñ ììëóñ ììêó@ &20021ððððððððððððððððððððððððððððððäæ

ìïçïìí '& LQMHFWLRQ EUDNH > 3Uï ìí WR ìë@ &20021ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìíì

ìïçïìì 5HJHQHUDWLYH EUDNH GXW\ õø('ô > 3Uï êíñ æí@ &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìíë

ìïçïìë (OHFWURQLF WKHUPDO UHOD\ > 3Uï äñ éåóñ æì@ &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìíê

ìïçïìê 2XWSXW VWRS FLUFXLW VHOHFWLRQ > 3Uï ìæ@ $èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìíê

ìïçïìé 5HVHW WHUPLQDO IXQFWLRQ VHOHFWLRQñ 38 GLVFRQQHFWLRQ GHWHFWLRQñ 38 VWRS VHOHFWLRQ > 3Uï æè@ &20021 ððððððððð ìíê

ìïçïìè 6WDOO SUHYHQWLRQ õFXUUHQW OLPLWô

> 3Uï ëëñ ëêñ éåóñ éäóñ ççñ ììéóñ ììèóñ ìéåóñ ìéäóñ ìèéóñ ìèçñ ìèæóô &20021 ððððððððððððððððððððððððððððððððððððððð ìíé

ìïçïìç )UHTXHQF\ MXPS > 3Uï êì WR êç@ &20021ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìíä

ìïçïìæ 2XWSXW VLJQDO VHOHFWLRQ > 3Uï æç@ $èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ììí

ìïçïìå 0XOWLðIXQFWLRQ PRQLWRULQJ GLVSOD\V > 3U ï èë WR èçóñ ìèåó@ &20021 ðððððððððððððððððððððððððððððððððððððððððððððððððððððð ììì

ìïçïìä $XWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH

õFRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHUô > 3Uï èæñ èåñ ìçë WR ìçèó@ &20021ðððððððððððððððððððððððððððððð ììè
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êïçïê &RPPHUFLDO SRZHU VXSSO\l LQYHUWHU VZLWFKðRYHU RSHUDWLRQ

>ZKHQ FRPPHUFLDO SRZHU VXSSO\l LQYHUWHU VZLWFKðRYHU VHTXHQFH LV XVHG@ $èíí ððððððððððððððððððððððððððððð ëåí

êïæ &LUFXLW IRU $XWRPDWLF 5HVWDUW DIWHU ,QVWDQWDQHRXV 3RZHU )DLOXUH &RPPRQ ðððððððððððððððððððððððððððððððððððððððððððððððððð ëåì

êïå $XWRPDWLF 2SHUDWLRQ RI )DQñ 3XPS RU WKH /LNH 8VLQJ 6SHHG 6HWWHU &RPPRQ ððððððððððððððððððððððððððððððððððððððððððððð ëåë

êïä 3RVLWLRQLQJ 2SHUDWLRQ &RPPRQððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåê

êïìí 9HUWLFDO :LQGLQJñ /LIWHU $èííððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåé

êïìíïì 8VH RI UHOD\ RXWSXW RSWLRQ $èíí ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåé

êïìíïë 8VH RI EUDNH VHTXHQFH FLUFXLW IXQFWLRQ $èíí $èíí ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåè

êïìì ,QYHUWHU $ODUP 2XWSXW 'LVSOD\ DQG )DLOXUH 5HVHW $èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåç

êïìë 0XOWLð6SHHG 2SHUDWLRQ $SSOLFDWLRQ ([DPSOH &RPPRQðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåæ

êïìê -RJ 2SHUDWLRQ LQ ([WHUQDO 2SHUDWLRQ 0RGH $èííððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëåå

êïìé 2SHUDWLRQ 8VLQJ WKH 6HFRQG $FFHOHUDWLRQî'HFHOHUDWLRQ 7LPH &RPPRQ ððððððððððððððððððððððððððððððððððððððððððððððððððð ëåä

êïìè 6WDUW 6LJQDO õ7KUHHð:LUHô +ROGLQJ &RPPRQ ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëäí

êïìç 5HYHUVLEOH 2SHUDWLRQ E\ $QDORJ ,QSXW $èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëäì

êïìæ 2SHUDWLRQ XVLQJ 6WRSðRQð&RQWDFW &RQWURO )XQFWLRQ $èíí ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëäë



ìïì 6SHFLILFDWLRQ OLVW ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððì

ìïë 6SHFLILFDWLRQ FRPSDULVRQ OLVW ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððå

ìïê 6WDQGDUG &RQQHFWLRQ 'LDJUDPV DQG 7HUPLQDO 6SHFLILFDWLRQV ððððððððððððððððððððððððððððððððððððððð ìê

ìïé ,QIRUPDWLRQ RQ WKH 8VH RI WKH ([WHUQDO 7HUPLQDOV ðððððððððððððððððððððððððððððððððððððððððððððððððððððð ëì

ìïè )XQFWLRQ õ3DUDPHWHUô /LVW ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð èç

ìïç )XQFWLRQV õ3DUDPHWHUVô ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð çæ

ìïæ 3URWHFWLYH )XQFWLRQV ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìçå

ìïå 8VH RI WKH LQYHUWHU ZLWK VLQJOHðSKDVH SRZHU VXSSO\ ðððððððððððððððððððððððððððððððððððððððððððððððð ìåì

ìïä ,QVWUXFWLRQV IRU 8VLQJ WKH LQYHUWHU ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ìåë
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ìïìïì 5DWLQJV
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&7 íïè ì ë ê è æïè ìí ìè ëí ëè êí éí èí çí æè

$SSOLFDEOH

PRWRU FDSDFLW\

õ1RWH ìô
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97 ì ìïè ê ê è ìí ìí ëí ëè êí éí èí çí æè ìíí
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&7 ìèíø çí VHFRQGVñ ëííø íïè VHFRQGV õLQYHUVHðWLPH FKDUDFWHULVWLFVô2YHUOîRDG

FDSDFLW\ õ1RWH êô 97 ìëíø çí VHFRQGVñ ìèíø íïè VHFRQGV õLQYHUVHðWLPH FKDUDFWHULVWLFVô

9ROWDJH õ1RWH éô 7KUHH SKDVHñ ëíí9 WR ëëí9 èí+]ñ ëíí WR ëéí9 çí+]

7KUHH SKDVHñ ëíí9 WR
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3HUPLVVLEOH IUHTXHQF\

IOXFWXDWLRQ
rèø

,QVWDQWDQHRXV YROWDJH

GURS LPPXQLW\

2SHUDWLRQ FRQWLQXHV DW ìçè9 RU KLJKHUï 2SHUDWLRQ FRQWLQXHV ìèPV LI YROWDJH GURSV IURP UDWHG YDOXH WR
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õ-(0 ìíêíô
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êíïí

õççïìéô

éíïí

õååïìåô

éíïí

õååïìåô

èèïí

õìëìïëèô

1RWHã ìï 7KH DSSOLFDEOH PRWRU FDSDFLW\ LQGLFDWHG LV WKH PD[LPXP FDSDFLW\ DSSOLFDEOH ZKHQ 0LWVXELVKL éð
SROH VWDQGDUG PRWRU LV XVHGï

ëï 7KH UDWHG RXWSXW FDSDFLW\ LQGLFDWHG DVVXPHV WKDW WKH RXWSXW YROWDJH LV ëëí9 IRU ëíí9 FODVV DQG
ééí9 IRU éíí9 FODVVï

êï 7KH RYHUORDG FDSDFLW\ LQGLFDWHG LQ ø LV WKH UDWLR RI WKH RYHUORDG FXUUHQW WR WKH LQYHUWHUöV UDWHG
FXUUHQWï )RU UHSHDWHG GXW\ñ DOORZ WLPH IRU WKH LQYHUWHU DQG PRWRU WR UHWXUQ WR RU EHORZ WKH
WHPSHUDWXUHV XQGHU ìííø ORDGï

éï 7KH PD[LPXP RXWSXW YROWDJH FDQQRW H[FHHG WKH SRZHU VXSSO\ YROWDJHï 7KH PD[LPXP RXWSXW
YROWDJH PD\ EH VHW DV GHVLUHG EHORZ WKH SRZHU VXSSO\ YROWDJHï

èï 7KH WRUTXH LQGLFDWHG LV WKH DYHUDJH YDOXH IRU GHFHOHUDWLRQ IURP çí+] WR D VWRS DQG YDULHV ZLWK
PRWRU ORVVï

çï 7KH SRZHU VXSSO\ FDSDFLW\ FKDQJHV ZLWK WKH YDOXHV RI WKH SRZHU VXSSO\ VLGH LQYHUWHU LPSHGDQFHV
õLQFOXGLQJ WKRVH RI WKH LQSXW UHDFWRU DQG FDEOHVôï

æï 7KH RSHQ W\SH õ,3ííô LV XVHG ZKHQ WKH LQERDUG RSWLRQ LV ILWWHG DIWHU UHPRYDO RI WKH RSWLRQ ZLULQJ
SRUW FRYHUï
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&7 ìïè ëïè é ç ä ìë ìæ ëê êì êå éê èæ æì åç ììí&RQWLQXRXV

FXUUHQW õ$ô 97 ìïå ê éïå çïæ ä ìé ëì ëæ êé éí èë çè ææ äç ìëé
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éðSROH VWDQGDUG PRWRU LV XVHGï

ëï 7KH UDWHG RXWSXW FDSDFLW\ LQGLFDWHG DVVXPHV WKDW WKH RXWSXW YROWDJH LV ëëí9 IRU ëíí9 FODVV DQG

ééí9 IRU éíí9 FODVVï

êï 7KH RYHUORDG FDSDFLW\ LQGLFDWHG LQ ø LV WKH UDWLR RI WKH RYHUORDG FXUUHQW WR WKH LQYHUWHUöV UDWHG

FXUUHQWï )RU UHSHDWHG GXW\ñ DOORZ WLPH IRU WKH LQYHUWHU DQG PRWRU WR UHWXUQ WR RU EHORZ WKH

WHPSHUDWXUHV XQGHU ìííø ORDGï

éï 7KH PD[LPXP RXWSXW YROWDJH FDQQRW H[FHHG WKH SRZHU VXSSO\ YROWDJHï 7KH PD[LPXP RXWSXW

YROWDJH PD\ EH VHW DV GHVLUHG EHORZ WKH SRZHU VXSSO\ YROWDJHï

èï 7KH WRUTXH LQGLFDWHG LV WKH DYHUDJH YDOXH IRU GHFHOHUDWLRQ IURP çí+] WR D VWRS DQG YDULHV ZLWK

PRWRU ORVVï

çï 7KH SRZHU VXSSO\ FDSDFLW\ FKDQJHV ZLWK WKH YDOXHV RI WKH SRZHU VXSSO\ VLGH LQYHUWHU

LPSHGDQFHV õLQFOXGLQJ WKRVH RI WKH LQSXW UHDFWRU DQG FDEOHVôï

æï 7KH RSHQ W\SH õ,3ííô LV XVHG ZKHQ WKH LQERDUG RSWLRQ LV ILWWHG DIWHU UHPRYDO RI WKH RSWLRQ ZLULQJ

SRUW FRYHUï
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SPECIFICATIONS

3

(2)FR-E500
n 3-phase 200V power supply

Type FR-E520-          K (C) (Note 8) 0.1K 0.2K 0.4K 0.75K 1.5K 2.2K 3.7K 5.5K 7.5K

Applicable motor capacity(kW) (Note 1) 0.1 0.2 0.4 0.75 1.5 2.2 3.7 5.5 7.5

Rated capacity (kVA) (Note 2) 0.3 0.6 1.2 2.0 3.2 4.4 7.0 9.5 13.1

Rated current (A) (Note 6)
0.8

(0.8)
1.5

(1.4)
3

(2.5)
5

(4.1)
8

(7)
11

(10)
17.5

(16.5)
24

(23)
33

(31)

Overload capacity (Note 3) 150% 60 seconds 200% 0.5 seconds (inverse-time characteristics)O
ut

pu
t

Voltage (Note 4) Three phase, 200V to 240V 50Hz/60Hz (280VDC, Note 7)

Rated input AC (DC) voltage, frequency Three phase, 200V to 240V 50Hz/60Hz (252  to 310VDC, Note 7)

Permissible AC (DC) voltage fluctuation 170 to 264V 50Hz/60Hz

Permissible frequency fluctuation ±5

P
ow

er
 s

up
pl

y

Power supply system capacity (kVA)
(Note 5)

0.4 0.8 1.5 2.5 4.5 5.5 9 12 17

Protective structure (JEM1030) Enclosed type (IP20), IP40 for dirt-protection structure series

Cooling system Self-cooling Forced air cooling

Approximate weight (kg) 0.6 0.6 0.8 1.0 1.7 1.7 2.2 4.4 4.9

n Single-phase 200V power supply

Type FR-E520S-         K 0.1K 0.2K 0.4K 0.75K

Applicable motor capacity(kW) (Note 1) 0.1 0.2 0.4 0.75

Rated capacity (kVA) (Note 2) 0.3 0.6 1.2 2.0

Rated output current (A) (Note 6) 0.8(0.8) 1.5(1.4) 3.0(2.5) 5.0(4.1)

Overload capacity (Note 3) 150% 60 seconds 200% 0.5 seconds (inverse-time characteristics)O
ut

pu
t

Rated output voltage (Note 4) Three phase, 200V to 240V 50Hz/60Hz

Rated input AC voltage, frequency Single phase, 200V to 240V 50Hz/60Hz

Permissible AC voltage fluctuation Single phase, 180 to 264V 50Hz/60Hz

Permissible frequency fluctuation Within ±5%P
ow

er
su

pp
ly

Power supply capacity (kVA) 0.5 0.9 1.5 2.5

Protective structure (JEM1030) Enclosed type (IP20)

Cooling system Self-cooling Forced air cooling

Approximate weight (kg) 0.6 0.6 1.0 1.7

Note:1. The applicable motor capacity indicated is the maximum capacity applicable when a Mitsubishi 4-pole standard motor is used.
Normally, the rated current (at 50Hz) of the motor applied should not exceed the rated current.

2. The rated output capacity indicated assumes that the output voltage is 230V for 200V class and single-phase 200V class.
3. The overload capacity indicated in % is the ratio of the overload current to the inverter's rated current. For repeated duty, allow

time for the inverter and motor to return to or below the temperatures under 100% load.
4. The maximum output voltage does not exceed the power supply voltage. The maximum output voltage may be set as desired

below the power supply voltage. Use the power supply capacity larger than the indicated.
5. The power supply capacity changes with the values of the power supply side inverter impedances (including those of the input

reactor and cables).
6. The rated output current in the parentheses applies when low acoustic noise operation is to be performed at the ambient

temperature higher than 40°C (30°C for the dirt-protection structure) with the Pr. 72 (PWM frequency selection) value set to
2kHz or higher.

7. When using a DC power supply
(1) The guideline for the power supply voltage fluctuation range is 280VDC ±10%, but usually use the power supply at or below

300VDC.
(2) When DC power is switched on, a larger inrush current flows than in AC power. The number of power-on times should be

minimized.
(3) 300VDC must be reserved to make the torque characteristic equal to when an AC power supply is used.

8. The type code of the dirt-protection structure series ends with C.



63(&,),&$7,216

é

ìïìïë &RPPRQ VSHFLILFDWLRQV

õìô)5ð$èíí

,WHP 'HVFULSWLRQ

&RQWURO V\VWHP
6RIWð3:0 FRQWUROîKLJK FDUULHU IUHTXHQF\ 3:0 FRQWURO

õ9î) FRQWURO RU DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO FDQ EH VHOHFWHGô

2XWSXW IUHTXHQF\ UDQJH íïë WR éíí+]

$QDORJ LQSXW
íïíìè+]îçí+] õWHUPLQDO ë LQSXWã ìë ELWVîí WR ìí9ñ ìì ELWVîí WR è9ñ WHUPLQDO ì LQSXWã ìë ELWVîðìí9
WR òìí9ñ ììELWVîðè WR òè9ô

)UHTXHQF\

VHWWLQJ

UHVROXWLRQ 'LJLWDO LQSXW íïíì+]

$QDORJ LQSXW :LWKLQ ríïëø RI PD[LPXP RXWSXW IUHTXHQF\ õëèq& rìíq&ô õææq)rìåq)ô IRU DQDORJ LQSXW)UHTXHQF\

DFFXUDF\ 'LJLWDO LQSXW :LWKLQ íïíìø RI VHW RXWSXW IUHTXHQF\ IRU GLJLWDO LQSXW

9ROWDJHîIUHTXHQF\

FKDUDFWHULVWLF

%DVH IUHTXHQF\ VHW DV UHTXLUHG EHWZHHQ í DQG éíí+]ï &RQVWDQW WRUTXH RU YDULDEOH WRUTXH

SDWWHUQ FDQ EH VHOHFWHGï

6WDUWLQJ WRUTXH ìèíøã $W íïè+] õIRU DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWUROô

7RUTXH ERRVW 0DQXDO WRUTXH ERRVW

$FFHOHUDWLRQîGHFHOHUDWLRQ

WLPH VHWWLQJ

í WR êçíí V õDFFHOHUDWLRQ DQG GHFHOHUDWLRQ FDQ EH VHW LQGLYLGXDOO\ôñ OLQHDU RU 6ðSDWWHUQ

DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH FDQ EH VHOHFWHGï

'& G\QDPLF EUDNH 2SHUDWLRQ IUHTXHQF\ õí WR ìëí+]ôñ RSHUDWLRQ WLPH õí WR ìí Vôñ YROWDJH õí WR êíøô YDULDEOH

&
RQ
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HF
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6WDOO SUHYHQWLRQ RSHUDWLRQ

OHYHO
2SHUDWLRQ FXUUHQW OHYHO FDQ EH VHW õí WR ëííø YDULDEOHôñ SUHVHQFH RU DEVHQFH FDQ EH VHOHFWHGï

$QDORJ LQSXW í WR è9'&ñ í WR ìí9'&ñ í WR rìí9'&ñ é WR ëíP$'&
)UHTXHQF\

VHWWLQJ VLJQDO 'LJLWDO LQSXW
êðGLJLW %&' RU ìëðELW ELQDU\ XVLQJ RSHUDWLRQ SDQHO RU SDUDPHWHU XQLW

õZKHQ WKH )5ð$è$; RSWLRQ LV XVHGô

6WDUW VLJQDO
)RUZDUG DQG UHYHUVH URWDWLRQñ VWDUW VLJQDO DXWRPDWLF VHOIðKROGLQJ LQSXW õêðZLUH LQSXWô FDQ EH

VHOHFWHGï

0XOWLðVSHHG VHOHFWLRQ
8S WR ìè VSHHGV FDQ EH VHOHFWHGï õ(DFK VSHHG FDQ EH VHW EHWZHHQ í DQG éíí+]ñ UXQQLQJ

VSHHG FDQ EH FKDQJHG GXULQJ RSHUDWLRQ IURP WKH 38 õ)5ð'8íéî)5ð38íéôïô
6HFRQGñ WKLUG
DFFHOHUDWLRQî
GHFHOHUDWLRQ WLPH
VHOHFWLRQ

í WR êçíí VHFRQGV

õXS WR WKUHH GLIIHUHQW DFFHOHUDWLRQV DQG GHFHOHUDWLRQV FDQ EH VHW LQGLYLGXDOO\ïô

-RJ RSHUDWLRQ

VHOHFWLRQ
3URYLGHG ZLWK MRJ RSHUDWLRQ PRGH VHOHFW WHUPLQDO õ1RWH ìô

&XUUHQW LQSXW VHOHFWLRQ ,QSXW RI IUHTXHQF\ VHWWLQJ VLJQDO é WR ëíP$'& õWHUPLQDO éô LV VHOHFWHGï

2XWSXW VWRS ,QVWDQWDQHRXV VKXWðRII RI LQYHUWHU RXWSXW õIUHTXHQF\ñ YROWDJHô

,Q
SX
WV
LJ
QD
OV

$ODUP UHVHW $ODUP UHWDLQHG DW WKH DFWLYDWLRQ RI SURWHFWLYH IXQFWLRQ LV UHVHWï

2SHUDWLRQ IXQFWLRQV

0D[LPXPîPLQLPXP IUHTXHQF\ VHWWLQJñ IUHTXHQF\ MXPS RSHUDWLRQñ H[WHUQDO WKHUPDO UHOD\ LQSXW

VHOHFWLRQñ SRODULW\ UHYHUVLEOH RSHUDWLRQñ DXWRPDWLF UHVWDUW RSHUDWLRQ DIWHU LQVWDQWDQHRXV SRZHU

IDLOXUHñ FRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU RSHUDWLRQñ IRUZDUGîUHYHUVH URWDWLRQ

SUHYHQWLRQñ VOLS FRPSHQVDWLRQñ RSHUDWLRQ PRGH VHOHFWLRQñ RIIOLQH DXWR WXQLQJ IXQFWLRQñ RQOLQH

DXWR WXQLQJ IXQFWLRQñ 3,' FRQWUROñ SURJUDPPHG RSHUDWLRQñ FRPSXWHU OLQN RSHUDWLRQ õ56ðéåèô

2SHUDWLQJ VWDWXV

è GLIIHUHQW VLJQDOV FDQ EH VHOHFWHG IURP LQYHUWHU UXQQLQJñ XS WR IUHTXHQF\ñ LQVWDQWDQHRXV SRZHU

IDLOXUH õXQGHUYROWDJHôñ IUHTXHQF\ GHWHFWLRQñ VHFRQG IUHTXHQF\ GHWHFWLRQñ WKLUG IUHTXHQF\

GHWHFWLRQñ GXULQJ SURJUDP PRGH RSHUDWLRQñ GXULQJ 38 RSHUDWLRQñ RYHUORDG DODUPñ UHJHQHUDWLYH

EUDNH SUHðDODUPñ HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ SUHðDODUPñ ]HUR FXUUHQW GHWHFWLRQñ RXWSXW

FXUUHQW GHWHFWLRQñ 3,' ORZHU OLPLWñ 3,' XSSHU OLPLWñ 3,' IRUZDUGîUHYHUVH URWDWLRQñ FRPPHUFLDO

SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU 0&ìñ ëñ êñ RSHUDWLRQ UHDG\ñ EUDNH UHOHDVH UHTXHVWñ IDQ IDXOW

DQG ILQ RYHUKHDW SUHðDODUP PLQRU IDXOWï 2SHQ FROOHFWRU RXWSXWñ OLJKW IDXOWï

$ODUP õLQYHUWHU WULSô
&RQWDFW RXWSXWïïïFKDQJHðRYHU FRQWDFW õëêí9$& íïê$ñ êí9'& íïê$ô

2SHQ FROOHFWRUïïïDODUP FRGH õé ELWô RXWSXW

2
SH
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)RU PHWHU

ì VLJQDO FDQ EH VHOHFWHG IURP RXWSXW IUHTXHQF\ñ PRWRU FXUUHQW õVWHDG\ RU SHDN YDOXHôñ RXWSXW

YROWDJHñ IUHTXHQF\ VHWWLQJñ UXQQLQJ VSHHGñ PRWRU WRUTXHñ FRQYHUWHU RXWSXW YROWDJH õVWHDG\ RU

SHDN YDOXHôñ UHJHQHUDWLYH EUDNH GXW\ñ HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ ORDG IDFWRUñ LQSXW SRZHUñ

RXWSXW SRZHUñ ORDG PHWHUñ DQG PRWRU H[FLWLQJ FXUUHQWï 3XOVH WUDLQ RXWSXW õìééí SXOVHVîVHFïîIXOO

VFDOHô DQG DQDORJ RXWSXW õí WR ìí9'&ôï

FK
DS
WH
U
ì
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2SHUDWLQJ

VWDWXV

6HOHFWLRQ FDQ EH PDGH IURP RXWSXW IUHTXHQF\ñ PRWRU FXUUHQW õVWHDG\ RU SHDN YDOXHôñ RXWSXW

YROWDJHñ IUHTXHQF\ VHWWLQJñ UXQQLQJ VSHHGñ PRWRU WRUTXHñ RYHUORDGñ FRQYHUWHU RXWSXW YROWDJH

õVWHDG\ RU SHDN YDOXHôñ HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ ORDG IDFWRUñ LQSXW SRZHUñ RXWSXW SRZHUñ

ORDG PHWHUñ PRWRU H[FLWLQJ FXUUHQWñ FXPXODWLYH HQHUJL]DWLRQ WLPHñ DFWXDO RSHUDWLRQ WLPHñ

ZDWWðKRXU PHWHUñ UHJHQHUDWLYH EUDNH GXW\ DQG PRWRU ORDG IDFWRUï

2SHUDWLRQ

SDQHO RU

SDUDPHWHU XQLW

$ODUP

GHILQLWLRQ

$ODUP GHILQLWLRQ LV GLVSOD\HG ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGï å DODUP GHILQLWLRQV DUH VWRUHGï

õ)RXU DODUP GHILQLWLRQV DUH RQO\ GLVSOD\HG RQ WKH RSHUDWLRQ SDQHOïô

2SHUDWLQJ

VWDWXV

,QSXW WHUPLQDO VLJQDO VWDWHVñ RXWSXW WHUPLQDO VLJQDO VWDWHVñ RSWLRQ ILWWLQJ VWDWXVñ WHUPLQDO

DVVLJQPHQW VWDWXV

$ODUP

GHILQLWLRQ

2XWSXW YROWDJHîFXUUHQWîIUHTXHQF\îFXPXODWLYH HQHUJL]DWLRQ WLPH

LPPHGLDWHO\ EHIRUH SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

'
LV
SO
D\

$GGLWLRQDO
GLVSOD\ RQ
SDUDPHWHU XQLW
RQO\

,QWHUDFWLYH

JXLGDQFH
2SHUDWLRQ JXLGH DQG WURXEOHVKRRWLQJ E\ KHOS IXQFWLRQ

3URWHFWLYHîDODUP IXQFWLRQV

2YHUFXUUHQW VKXWðRII õGXULQJ DFFHOHUDWLRQñ GHFHOHUDWLRQñ FRQVWDQW VSHHGôñ UHJHQHUDWLYH

RYHUYROWDJH VKXWðRIIñ XQGHUYROWDJHñ LQVWDQWDQHRXV SRZHU IDLOXUHñ RYHUORDG VKXWðRII õHOHFWURQLF

RYHUFXUUHQW SURWHFWLRQôñ EUDNH WUDQVLVWRU DODUP õ1RWH ëôñ JURXQG IDXOW FXUUHQWñ RXWSXW VKRUW

FLUFXLWñ PDLQ FLUFXLW GHYLFH RYHUKHDWñ VWDOO SUHYHQWLRQñ RYHUORDG DODUPñ EUDNH UHVLVWRU RYHUKHDW

SURWHFWLRQñ ILQ RYHUKHDWñ IDQ IDXOWñ RSWLRQ IDXOWñ SDUDPHWHU HUURUñ 38 GLVFRQQHFWLRQ

$PELHQW WHPSHUDWXUH

&RQVWDQW WRUTXHã ðìíq& WR òèíq& õQRQðIUHH]LQJô

õðìíq& WR òéíq& ZLWK )5ð$è&9�� DWWDFKPHQWô

9DULDEOH WRUTXHã ðìíq& WR òéíq& õQRQðIUHH]LQJô

õðìíq& WR òêíq& ZLWK )5ð$è&9�� DWWDFKPHQWô

$PELHQW KXPLGLW\ äíø5+ RU OHVV õQRQðFRQGHQVLQJô

6WRUDJH WHPSHUDWXUH

õ1RWH êô
ðëíq& WR òçèq& õðéq) WR òìéäq)ô

$PELHQFH ,QGRRUVï õ1R FRUURVLYH DQG IODPPDEOH JDVHVñ RLO PLVWñ GXVW DQG GLUWïô

(
QY
LUR
QP

HQ
W

$OWLWXGHñ YLEUDWLRQ
0D[LPXP ìíííP õêëåíïåí IHHWô DERYH VHD OHYHO IRU VWDQGDUG RSHUDWLRQï

$IWHU WKDW GHUDWH E\ êø IRU HYHU\ H[WUD èííP XS WR ëèííP õäìøôï

1RWHã ìï -RJ RSHUDWLRQ PD\ DOVR EH SHUIRUPHG IURP WKH RSHUDWLRQ SDQHO RU SDUDPHWHU XQLWï

ëï 1RW SURYLGHG IRU WKH )5ð$èëíðìì. WR èè. DQG )5ð$èéíðìì. WR èè. ZKLFK GR QRW KDYH D EXLOWðLQ

EUDNH FLUFXLWï

êï 7HPSHUDWXUH DSSOLFDEOH IRU D VKRUW SHULRG LQ WUDQVLWñ HWFï
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,WHP 'HVFULSWLRQ

&RQWURO V\VWHP
6RIWð3:0 FRQWUROîKLJK FDUULHU IUHTXHQF\ 3:0 FRQWURO FDQ EH VHOHFWHGï 9î) FRQWURO RU
JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO FDQ EH VHOHFWHGï

2XWSXW IUHTXHQF\ UDQJH íïë WR éíí+] õVWDUWLQJ IUHTXHQF\ YDULDEOH EHWZHHQ í DQG çí+]ô

$QDORJ LQSXW
$FURVV WHUPLQDOV ëðèã ìîèíí RI PD[LPXP VHW IUHTXHQF\ õè9'& LQSXWôñ
ìîìííí õìí9'&ñ éðëíP$'& LQSXWô

)UHTXHQF\
VHWWLQJ
UHVROXWLRQ 'LJLWDO LQSXW

íïíì+] õOHVV WKDQ ìíí+]ôñ íïì+] õìíí+] RU PRUHô ZKHQ GLJLWDO VHWWLQJ LV PDGH XVLQJ
WKH FRQWURO SDQHO

$QDORJ LQSXW :LWKLQ ríïèø RI PD[LPXP RXWSXW IUHTXHQF\ õëèq& rìíq&ô)UHTXHQF\
DFFXUDF\ 'LJLWDO LQSXW :LWKLQ íïíìø RI VHW RXWSXW IUHTXHQF\ ZKHQ VHWWLQJ LV PDGH IURP FRQWURO SDQHOï

9ROWDJHîIUHTXHQF\ FKDUDFWHULVWLF
%DVH IUHTXHQF\ VHW DV UHTXLUHG EHWZHHQ í DQG éíí+]ï &RQVWDQW WRUTXH RU YDULDEOH
WRUTXH SDWWHUQ FDQ EH VHOHFWHGï

6WDUWLQJ WRUTXH
ìèíø RU PRUH õDW ì+]ôñ ëííø RU PRUH õDW ê+]ô ZKHQ JHQHUDOðSXUSRVH PDJQHWLF IOX[
YHFWRU FRQWURO RU VOLS FRPSHQVDWLRQ LV VHOHFWHGï

7RUTXH ERRVW 0DQXDO WRUTXH ERRVWñ í WR êíø PD\ EH VHWï

$FFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHWWLQJ
íïíìñ íïì WR êçíí V õDFFHOHUDWLRQ DQG GHFHOHUDWLRQ FDQ EH VHW LQGLYLGXDOO\ôñ OLQHDU RU 6ð
SDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH FDQ EH VHOHFWHGï

5HJHQHUDWLYH
õ1RWH êô

íïì.ñ íïë.� ìèíø RU PRUHñ íïé.ñ íïæè.� ìííø RU PRUHñ ìïè.� èíø RU PRUHñ ëïë.ñ
êïæ.� ëíø RU PRUH

%UDNLQJ WRUTXH
'& G\QDPLF EUDNH

2SHUDWLRQ IUHTXHQF\ õí WR ìëí+]ôñ RSHUDWLRQ WLPH õí WR ìí Vôñ RSHUDWLRQ YROWDJH õí WR
êíøô YDULDEOH

&XUUHQW VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO
2SHUDWLRQ FXUUHQW OHYHO FDQ EH VHW õí WR ëííø YDULDEOHôñ SUHVHQFH RU DEVHQFH FDQ EH
VHOHFWHGï

9ROWDJH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO 2SHUDWLRQ OHYHO LV IL[HGñ SUHVHQFH RU DEVHQFH FDQ EH VHOHFWHGï
)DVWðUHVSRQVH FXUUHQW OLPLW OHYHO 2SHUDWLRQ OHYHO LV IL[HGñ SUHVHQFH RU DEVHQFH FDQ EH VHOHFWHGï

$QDORJ LQSXW í WR è9'&ñ í WR ìí9'&ñ é WR ëíP$'&ñ EXLOWðLQ IUHTXHQF\ VHWWLQJ SRWHQWLRPHWHUï)UHTXHQF\
VHWWLQJ VLJQDO 'LJLWDO LQSXW (QWHUHG IURP FRQWURO SDQHOï

6WDUW VLJQDO
)RUZDUG DQG UHYHUVH URWDWLRQñ VWDUW VLJQDO DXWRPDWLF VHOIðKROGLQJ LQSXW õêðZLUH LQSXWô
FDQ EH VHOHFWHGï

$ODUP UHVHW
8VHG WR UHVHW DODUP RXWSXW SURYLGHG ZKHQ SURWHFWLYH IXQFWLRQ LV
DFWLYDWHGï

0XOWLðVSHHG VHOHFWLRQ
8S WR ìè VSHHGV FDQ EH VHOHFWHGï õ(DFK VSHHG FDQ EH VHW EHWZHHQ í
DQG éíí+]ñ UXQQLQJ VSHHG FDQ EH FKDQJHG GXULQJ RSHUDWLRQ IURP WKH
FRQWURO SDQHOïô

&XUUHQW LQSXW VHOHFWLRQ
8VHG WR VHOHFW LQSXW RI IUHTXHQF\ VHWWLQJ VLJQDO é WR ëíP$'& õWHUPLQDO
éôï

2XWSXW VWRS ,QVWDQWDQHRXV VKXWðRII RI LQYHUWHU RXWSXW õIUHTXHQF\ñ YROWDJHôï

6HFRQG IXQFWLRQ VHOHFWLRQ
8VHG WR VHOHFW VHFRQG IXQFWLRQV õDFFHOHUDWLRQ WLPHñ GHFHOHUDWLRQ WLPHñ
WRUTXH ERRVWñ EDVH IUHTXHQF\ñ HOHFWURQLF RYHUFXUUHQW SURWHFWLRQôï

6WDUW VLJQDO DXWRPDWLF VHOIðKROGLQJ
VHOHFWLRQ

8VHG WR VHOHFW VWDUW VLJQDO DXWRPDWLF VHOIðKROGLQJ LQSXWï õêðZLUH LQSXWô

([WHUQDO WKHUPDO UHOD\ LQSXW
7KHUPDO UHOD\ FRQWDFW LQSXW IRU XVH ZKHQ WKH LQYHUWHU LV VWRSSHG E\ WKH
H[WHUQDO UHOD\ï

38 RSHUDWLRQðH[WHUQDO RSHUDWLRQ
VZLWFKLQJ

8VHG WR VZLWFK EHWZHHQ 38 RSHUDWLRQ DQG H[WHUQDO RSHUDWLRQ IURP
RXWVLGH WKH LQYHUWHUï

8VH
3Uï ìåí WR
3Uï ìåê IRU
VHOHFWLRQ

,Q
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9î)ðJHQHUDOðSXUSRVH PDJQHWLF IOX[
VZLWFKLQJ

8VHG WR VZLWFK EHWZHHQ 9î) FRQWURO DQG JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO
IURP RXWVLGH WKH LQYHUWHUï

2SHUDWLRQ IXQFWLRQV

0D[LPXPîPLQLPXP IUHTXHQF\ VHWWLQJñ IUHTXHQF\ MXPS RSHUDWLRQñ H[WHUQDO WKHUPDO
UHOD\ LQSXW VHOHFWLRQñ DXWRPDWLF UHVWDUW RSHUDWLRQ DIWHU LQVWDQWDQHRXV SRZHU IDLOXUHñ
IRUZDUGîUHYHUVH URWDWLRQ SUHYHQWLRQñ VOLS FRPSHQVDWLRQñ RSHUDWLRQ PRGH VHOHFWLRQñ
RIIOLQH DXWR WXQLQJ IXQFWLRQñ 3,' FRQWUROñ FRPSXWHU OLQN RSHUDWLRQ õ56ðéåèô

2SHUDWLQJ VWDWXV

ë RSHQ FROOHFWRU RXWSXW VLJQDOV FDQ EH VHOHFWHG IURP LQYHUWHU UXQQLQJñ XS WR IUHTXHQF\ñ
IUHTXHQF\ GHWHFWLRQñ RYHUORDG DODUPñ ]HUR FXUUHQW GHWHFWLRQñ RXWSXW FXUUHQW GHWHFWLRQñ
3,' XSSHU OLPLWñ 3,' ORZHU OLPLWñ 3,' IRUZDUGîUHYHUVH URWDWLRQñ RSHUDWLRQ UHDG\ñ PLQRU
IDXOW DQG DODUPñ DQG ì FRQWDFW RXWSXW õëêí9$& íïê$ñ êí9'& íïê$ô FDQ EH VHOHFWHGï

&
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)RU PHWHU
ì VLJQDO FDQ EH VHOHFWHG IURP RXWSXW IUHTXHQF\ñ PRWRU FXUUHQW DQG RXWSXW YROWDJHï
3XOVH WUDLQ RXWSXW õìééí SXOVHVîVHFRQGîIXOO VFDOHôï

2SHUDWLQJ
VWDWXV

2XWSXW YROWDJHñ RXWSXW FXUUHQWñ VHW IUHTXHQF\ñ UXQQLQJï
&RQWURO SDQHO GLVSOD\

$ODUP GHILQLWLRQ
$ODUP GHILQLWLRQ LV GLVSOD\HG ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGï é DODUP GHILQLWLRQV
DUH VWRUHGï'

LV
SO
D\

/(' GLVSOD\ 3RZHU DSSOLFDWLRQ õ32:(5ô
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3URWHFWLYHîDODUP IXQFWLRQV

2YHUFXUUHQW VKXWðRII õGXULQJ DFFHOHUDWLRQñ GHFHOHUDWLRQñ FRQVWDQW VSHHGôñ UHJHQHUDWLYH

RYHUYROWDJH VKXWðRIIñ XQGHUYROWDJH õ1RWH ìôñ LQVWDQWDQHRXV SRZHU IDLOXUH õ1RWH ìôñ

RYHUORDG VKXWðRII õHOHFWURQLF RYHUFXUUHQW SURWHFWLRQôñ EUDNH WUDQVLVWRU DODUPñ RXWSXW

VKRUW FLUFXLWñ VWDOO SUHYHQWLRQñ EUDNH UHVLVWRU RYHUKHDW SURWHFWLRQñ ILQ RYHUKHDWñ IDQ

IDLOXUHñ SDUDPHWHU HUURUñ 38 GLVFRQQHFWLRQï

$PELHQW WHPSHUDWXUH
&RQVWDQW WRUTXH ã ðìíq& WR òèíq& õQRQðIUHH]LQJô

9DULDEOH WRUTXH ã ðìíq& WR òéíq& õQRQðIUHH]LQJô

$PELHQW KXPLGLW\ äíø5+ RU OHVV õQRQðFRQGHQVLQJô

6WRUDJH WHPSHUDWXUH õ1RWH ëô ðëíq& WR òçèq&

$PELHQFH ,QGRRUVñ QR FRUURVLYH DQG IODPPDEOH JDVHVñ RLO PLVWñ GXVW DQG GLUWï

(
QY
LUR
QP

HQ
W

$OWLWXGHñ YLEUDWLRQ
0D[LPXP ìíííP DERYH VHD OHYHO IRU VWDQGDUG RSHUDWLRQï

$IWHU WKDW GHUDWH E\ êø IRU HYHU\ H[WUD èííP XS WR ëèííP õäìøôï

1RWHã ìï :KHQ XQGHUYROWDJH RU LQVWDQWDQHRXV SRZHU IDLOXUH KDV RFFXUUHGñ DODUP GLVSOD\ RU DODUP RXWSXW LV

QRW SURYLGHG EXW WKH LQYHUWHU LWVHOI LV SURWHFWHGï 2YHUFXUUHQWñ UHJHQHUDWLYH RYHUYROWDJH RU RWKHU

SURWHFWLRQ PD\ EH DFWLYDWHG DW SRZHU UHVWRUDWLRQ DFFRUGLQJ WR WKH RSHUDWLQJ VWDWXV õORDG VL]Hñ

HWFïô

ëï 7HPSHUDWXUH DSSOLFDEOH IRU D VKRUW SHULRG LQ WUDQVLWñ HWFï

êï 7KH EUDNLQJ WRUTXH LQGLFDWHG LV D VKRUWðGXUDWLRQ DYHUDJH WRUTXH õZKLFK YDULHV ZLWK PRWRU ORVVô

ZKHQ WKH PRWRU DORQH LV GHFHOHUDWHG IURP çí+] LQ WKH VKRUWHVW WLPH DQG LV QRW D FRQWLQXRXV

UHJHQHUDWLYH WRUTXHï :KHQ WKH PRWRU LV GHFHOHUDWHG IURP WKH IUHTXHQF\ KLJKHU WKDQ WKH EDVH

IUHTXHQF\ñ WKH DYHUDJH GHFHOHUDWLRQ WRUTXH ZLOO UHGXFHï 6LQFH WKH LQYHUWHU GRHV QRW FRQWDLQ D

EUDNH UHVLVWRUñ XVH WKH RSWLRQDO EUDNH UHVLVWRU ZKHQ UHJHQHUDWLYH HQHUJ\ LV ODUJHï õ7KH RSWLRQDO

EUDNH UHVLVWRU FDQQRW EH XVHG ZLWK íïì. DQG íïë.ïô $ EUDNH XQLW õ%8ô PD\ DOVR EH XVHGï

éï 1RW SURYLGHG IRU WKH )5ð(èëíõ6ô ðíïì. WR íïé. ZKLFK DUH QRW HTXLSSHG ZLWK D FRROLQJ IDQï
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6SHFLILFDWLRQ FRPSDULVRQ OLVW

ìïëïì 6SHFLILFDWLRQ FRPSDULVRQ OLVW

7KH IROORZLQJ WDEOH FRPSDUHV FKDUDFWHULVWLF VSHFLILFDWLRQV EHWZHHQ WKH )5ð$èííî)5ð(èíí VHULHV DQG

FRQYHQWLRQDO LQYHUWHU VHULHVã

,WHP )5ð$èíí )5ð$ëíí

6LQJOHðSKDVH ìíí9 � �

6LQJOHðSKDVH ëíí9 � �

7KUHHðSKDVH ëíí9 íïé. WR èè. õìè PRGHOVô íïé. WR èè. õìè PRGHOVô
&DSDFLW\ UDQJH

7KUHHðSKDVH éíí9 íïé. WR èè. õìè PRGHOVô íïé. WR èè. õìè PRGHOVô

6ZLWFKLQJ V\VWHP

6RIWð3:0 FRQWURO

+LJK FDUULHU IUHTXHQF\ VLQHð

ZDYH 3:0

+LJK FDUULHU IUHTXHQF\ VLQHð

ZDYH 3:0

&RQWURO PRGH

$GYDQFHG PDJQHWLF IOX[

YHFWRU FRQWURO

9î) FRQWURO VHOHFWDEOH

0DJQHWLF IOX[ YHFWRU FRQWURO

9î) FRQWURO VHOHFWDEOH

&RQWURO V\VWHP

'HYLFH XVHG ,30 õ,*%7ô ,30 õ,*%7ô

8OWUDORZ QRLVH 8OWUDORZ QRLVH

0RWRU QRLVH
&DUULHU IUHTXHQF\

íïæN+] WR ìéïèN+] ZLWK 6RIWð

3:0

õ9DOXH VHW LV DQ LQWHJHU

EHWZHHQ í DQG ìèô

õ)DFWRU\ VHWWLQJ ëN+]ñ 6RIWð

3:0 PRGHô

íïæN+] WR ìéïèN+]

õ9DOXH LV VHW LQ íïìN+]

LQFUHPHQWVô

õ)DFWRU\ VHWWLQJ ìéïèN+]ô

6WDOO SUHYHQWLRQ { õí WR ëííøô { õí WR ëííøô
&XUUHQW OLPLW

)DVWðUHVSRQVH FXUUHQW OLPLW { {

íïé WR ìïèN: ìèíø õUHVLVWRU EXLOWðLQô ìèíø õUHVLVWRU EXLOWðLQô

ëïë WR êïæN: ìííø õUHVLVWRU EXLOWðLQô ìííø õUHVLVWRU EXLOWðLQô

èïè WR æïèN: ìííø õUHVLVWRU EXLOWðLQô ìííø õUHVLVWRU EXLOWðLQô
%UDNLQJ FDSDELOLW\

ìì WR èèN: ëíø õFDSDFLWRU UHJHQHUDWHGô ëíø õFDSDFLWRU UHJHQHUDWHGô

,QVWDQWDQHRXV LPPXQLW\ ìèPV ìèPV
,QVWDQWDQHRXV SRZHU IDLOXUH

$XWRPDWLF UHVWDUW IXQFWLRQ 3URYLGHG DV VWDQGDUG 3URYLGHG DV VWDQGDUG

0XOWLðVSHHG õFRPSHQVDWLRQô

0D[LPXP ìè VSHHGV

õZLWK FRPSHQVDWLRQô

6SHHG FDQ EH YDULHG

GXULQJ RSHUDWLRQ

0D[LPXP ìè VSHHGV

õZLWK FRPSHQVDWLRQô

6SHHG FDQ EH YDULHG

GXULQJ RSHUDWLRQ

3RODULW\ UHYHUVLEOH { {

6OLS FRPSHQVDWLRQ { {

3,' DFWLRQ IXQFWLRQ {

0DGH DYDLODEOH E\ XVLQJ WKH

)5ð(3' LQERDUG RSWLRQï

õ3, DFWLRQ RQO\ô

3RZHU IDLOXUH VWRS IXQFWLRQ { u
&RPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU VZLWFKðRYHU VHTXHQFH

IXQFWLRQ

{ u

%UDNH VHTXHQFH IXQFWLRQ { u
+LJKðVSHHG IUHTXHQF\ FRQWURO { u
6WRSðRQðFRQWDFW FRQWURO { u
2XWSXW FXUUHQW GHWHFWLRQ { u
&RROLQJ IDQ 21ð2)) FRQWURO { u

2SHUDWLRQ IXQFWLRQV

5HWU\ DW DODUP { {

FK
DS
WH
U
ì
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,WHP )5ð$èíí )5ð$ëíí

2SHUDWLRQ SDQHOñ SDUDPHWHU XQLW

)5ð'8íé RSHUDWLRQ SDQHO

HTXLSSHG DV VWDQGDUG

)5ð38íé SDUDPHWHU XQLW

DYDLODEOH DV RSWLRQ

õ)5ð38íé KDV D EDFNOLW /&'ô

)5ð38íë SDUDPHWHU XQLW

3URYLGHG DV VWDQGDUG

IRU SURGXFWV RI XS WR æïè.

1RW SURYLGHG DV VWDQGDUG IRU

SURGXFWV JUHDWHU WKDQ æïè.

3DUDPHWHU JURXS UHJLVWUDWLRQ { u
3DUDPHWHU LQLWLDO YDOXH VHWWLQJ { u

&RS\ IXQFWLRQ {

u
õ0DGH DYDLODEOH E\ XVLQJ WKH

)5ð$5: SDUDPHWHU FRS\ XQLWô

/DQJXDJH GLVSOD\

)5ð'8íéã 1R ODQJXDJH

GLVSOD\

)5ð38íéã å ODQJXDJHV

õ-DSDQHVHñ (QJOLVKñ *HUPDQñ

)UHQFKñ 6SDQLVKñ ,WDOLDQñ

6ZHGLVKñ )LQQLVKô

)5ð38íéã ì ODQJXDJH

õ-DSDQHVHô

)5ð38íë(ã ì ODQJXDJH

õ(QJOLVKô

)5ð38íë(5ã é ODQJXDJHV

õ(QJOLVKñ *HUPDQñ )UHQFKñ

6SDQLVKô

)5ð38íì &DQQRW EH XVHG
0D\ EH XVHG õZLWK

UHVWULFWLRQVô

)5ð38íëî)5ð$5: &DQQRW EH XVHG 0D\ EH XVHG

)5ð38íêî)5ð$5:íê &DQQRW EH XVHG
0D\ EH XVHG õZLWK

UHVWULFWLRQVô

)5ð38íé 0D\ EH XVHG &DQQRW EH XVHG

)5ð'8íé 0D\ EH XVHG &DQQRW EH XVHG

)5ð(èíí 2SHUDWLRQ SDQHO &DQQRW EH XVHG &DQQRW EH XVHG

{ã $YDLODEOH uã 8QDYDLODEOH 'ã $YDLODEOH IRU VRPH PRGHOV
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FR-E500 FR-A024/A044 FR-U100

0.1K to 0.75K (4 models)  0.1K to 0.4K (3 models)

0.1K to 0.75K (4 models)  0.1K to 0.75K (4 models)

0.1K to 7.5K (9 models) 0.1K to 3.7K (7 models) 0.1K to 1.5K (5 models)

0.4K to 7.5K (7 models) 0.4K to 3.7K (5 models) 

Soft-PWM control

High carrier frequency sine-wave PWM
High carrier frequency sine-wave PWM

Sine-wave PWM

High carrier frequency sine-wave PWM for

low acoustic noise series

General-purpose magnetic flux vector

control

V/F control selectable

General-purpose magnetic flux vector

control

V/F control selectable

V/F control

IPM (IGBT) IPM (IGBT) IGBT

Ultralow noise Ultralow noise
Non-low noise or ultralow noise

(low acoustic noise series)

0.7kHz to 14.5kHz with Soft-PWM

(Value set is an integer between 0 and 15)

(Factory setting 1kHz, Soft-PWM mode)

0.7kHz to 14.5kHz

(Value is set in 0.1kHz increments)

(Factory setting 1kHz)

Approx. 1kHz

(0.7kHz to 14.5kHz (factory setting 7kHz)

for low acoustic noise series)

20% (capacitor regenerated, 0.1K or

more)

20% (capacitor regenerated, 0.1K or

more)

20% (capacitor regenerated, 0.1K or

more)

20% (capacitor regenerated) 20% (capacitor regenerated) 
  
  

10ms 10ms 10ms

Provided as standard Provided as standard ×
Max. 15 speeds (without compensation)

Speed can be varied during operation

Max. 15 speeds (without compensation)

Speed can be varied during operation

Max. 15 speeds (without compensation)

Speed can be varied during operation

× × ×
¡ ¡ ×
¡ × ×
¡ × ×
× × ×
× × ×
× × ×
× × ×
¡ × ×
¡ × ×
¡ ¡ ¡

Operation panel equipped as standard

FR-PU04 parameter unit available as

option (FR-PU04 has a backlit LCD)

Some models have the FR-PU03

parameter unit as standard.

No (key sheet equipped as standard)

PU operation type may only be

connected.

¡ × ×
× × ×
×

 (Made available by using the FR-PU04

parameter unit)

×
 (Made available by using the FR-ARW03

parameter copy unit)

×

Operation panel: No language display

FR-PU04: 8 languages (Japanese, English,

German, French, Spanish, Italian, Swedish,

Finnish)

FR-PU03: Japanese

FR-PU03E: English
Key sheet: Japanese

Cannot be used Cannot be used Cannot be used

Cannot be used May be used (with restrictions) Cannot be used

Cannot be used May be used May be used (PU operation type only)

May be used Cannot be used Cannot be used

Cannot be used Cannot be used Cannot be used

May be used Cannot be used Cannot be used

ch
ap

te
r 

1
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,WHP )5ð$èíí )5ð$ëíí

&RPPXQLFDWLRQ IXQFWLRQ

56ðéåè SURYLGHG DV VWDQGDUG

)5ð$è1� LQERDUG RSWLRQ SURYLGHV

FRPSDWLELOLW\ ZLWK &&ð/LQNñ

'HYLFH 1HW 70 DQG 3URILEXV '3ï

0DGH DYDLODEOH E\ XVLQJ WKH )5ð(3%

LQERDUG RSWLRQ

,QSXW WHUPLQDO DVVLJQPHQW
ëí GLIIHUHQW IXQFWLRQV VHOHFWDEOH

$VVLJQDEOH WR æ WHUPLQDOV
u

2XWSXW WHUPLQDO DVVLJQPHQW
êí GLIIHUHQW IXQFWLRQV VHOHFWDEOH

$VVLJQDEOH WR è WHUPLQDOV

ìí GLIIHUHQW IXQFWLRQV VHOHFWDEOH

$VVLJQDEOH WR é WHUPLQDOV

$ODUP RXWSXW DVVLJQPHQW
êí GLIIHUHQW IXQFWLRQV VHOHFWDEOH

$VVLJQDEOH WR ì WHUPLQDO õ$ñ %ñ &ô
$ODUP RXWSXW RQO\

3& WHUPLQDO { {

ëé9 SRZHU VXSSO\ õ3& WHUPLQDO LV XVHG DV SRZHU VXSSO\ô u
6LQNðVRXUFH ORJLF VZLWFKð

RYHU
{ u

,î2

$ODUP FRGH RXWSXW { {

)UHTXHQF\ VHWWLQJ VLJQDOV

'&í WR è9ñ í WR ìí9

'&é WR ëíP$

'&í WR rè9ñí WR rìí9

'&í WR è9ñ í WR ìí9

'&é WR ëíP$

'&í WR rè9ñí WR rìí9

&RQWURO FLUFXLW WHUPLQDOV
6FUHZ W\SH WHUPLQDOV

õ6ROGHUOHVV WHUPLQDOV XVDEOHô

6FUHZ W\SH WHUPLQDOV

õ6ROGHUOHVV WHUPLQDOV XVDEOHô

0DLQ FLUFXLW WHUPLQDOV
6FUHZ W\SH WHUPLQDOV

õ6ROGHUOHVV WHUPLQDOV XVDEOHô

6FUHZ W\SH WHUPLQDOV

õ6ROGHUOHVV WHUPLQDOV XVDEOHô

&RQWURO FLUFXLWöV VHSDUDWH

SRZHU VXSSO\
{ {

6WUXFWXUH

&RROLQJ IDQ FDVVHWWHð

FKDQJLQJ V\VWHP
{ u

,QERDUG RSWLRQ
8S WR WKUHH VLQJOHðIXQFWLRQ RSWLRQV PD\ EH

SOXJJHG LQ
2QH PXOWLðIXQFWLRQ RSWLRQ PD\ EH ILWWHGï

6HWXS VRIWZDUH {

u
õ+RZHYHUñ FRPPXQLFDWLRQ VRIWZDUH LV

DYDLODEOHô

$& UHDFWRU { {

'& UHDFWRU { ' õDYDLODEOH IRU èïè. RU PRUHô
+DUPRQLF

VXSSUHVVLRQ
+LJK SRZHU IDFWRU FRQYHUWHU { {

2XWOLQH GLPHQVLRQV
$ëíí( VHULHV LQWHUFRPSDWLELOLW\

DWWDFKPHQW õRSWLRQô DYDLODEOH
�

{ã $YDLODEOH uã 8QDYDLODEOH 'ã $YDLODEOH IRU VRPH PRGHOV
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FR-E500 FR-A024(S)/A044 FR-U100

RS-485 provided as standard

CC-Link compatible model available for

three-phase 200V class.

FR-E5NC plug-in option available for use

with three-phase 400V class for

compatibility with CC-Link.

Made available by using the FR-CU03

external option
×

11 different functions selectable

Assignable to 4 terminals

10 different functions selectable

Assignable to 4 terminals

9 different functions selectable

Assignable to 3 terminals (multi-function

product only)

12 different functions selectable

Assignable to 2 terminals

5 different functions selectable

Assignable to 2 terminals

3 different functions selectable

Assignable to 1 terminal (multi-function

product only)

12 different functions selectable

Assignable to 1 terminal (A, B, C)
× ×

¡ ¡ ¡(multi-function product only)

¡

(PC terminal is used as power supply)
× ×

×
(¡ Enabled for 400V class)

× ×

× × ×
DC0 to 5V,0 to 10V

DC4 to 20mA

Built-in analog potentiometer

DC0 to 5V,0 to 10V

DC4 to 20mA
DC0 to 5V

Plug-in screw type terminals
Screw type terminals

(Solderless terminals usable)
Plug-in type terminals

Screw type terminals

(Solderless terminals usable)

Screw type terminals

(Solderless terminals usable)
Plug-in type terminals

× × ×
¡ × ×
×

(¡ One option may be fitted to 400V class)
× ×

¡

×
(However, communication software is

available)

×

¡ ¡ ¡

¡ × ×
¡ ¡ ×

There is mounting compatibility with U100

series

No compatibility with A024 series
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6WDQGDUG &RQQHFWLRQ 'LDJUDPV DQG 7HUPLQDO 6SHFLILFDWLRQV

ìïêïì ,QWHUQDO EORFN GLDJUDP

ìô )5ð$èíí

5$

5
5

6

7
,0

8

9

:

óê
575

óê

3ì 3

+
&

1 35 3;
õ1RWH ìô

1)%

5ì

6ì

&38

$

%

&

õ1RWH ëô

67)

675

6723

5+

50

5/

5(6

&6

-2*

57

056

$8

6'

ëé9
3&

òëé9
)0

6'

$0

éæí:òè9

581

68

,3)

2/

)8

6(

õ1RWH æô

òìí9

òè9ìí(

ìí
ë

è

é

ì
é WR ëíP$ '&

&21

í WR rìí9 '&
í WR rè9 '&

ëé9

è

0&

õ1RWH åô

32:(5

&+$5*(

3RZHU
VXSSO\

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

6WDUW VHOIðKROGLQJ
VHOHFWLRQ

5HVHW

$XWRPDWLF UHVWDUW DIWHU
LQVWDQWDQHRXV SRZHU IDLOXUH

VHOHFWLRQ õ1RWH èô

-RJ PRGH VHOHFWLRQ õ1RWH èô

)UHTXHQF\
VHWWLQJ
SRWHQWLRPHWHU

$QDORJ FRPPRQ

&RQYHUWHU ,QYHUWHU

&RQWURO
SRZHU
VXSSO\

9ROWDJH
GHWHFWLRQ

&XUUHQW
GHWHFWLRQ

*DWH GULYH
FLUFXLW

3:0
FLUFXLW

2SWLRQ
FRQQHFWRU

*DWH
DUUD\

2SHUDWLRQ SDQHO õ'8ô

0RWRU

*URXQG

*URXQG

$ODUP RXWSXW
õ1RWH çô

)UHTXHQF\ PHWHU

&DOLEUDWLRQ UHVLVWRU
$QDORJ
PHWHU

0XOWLðVSHHG
VHOHFWLRQ
õ1RWH èô

6HFRQG DFFHOHUDWLRQ
îGHFHOHUDWLRQ WLPH õ1RWH èô

3URWHFWLRQ
FLUFXLW

-XGJPHQW
FLUFXLW

õ1RWH éô

õ1RWH éô

1RWHã ìï 7HUPLQDOV 35 DQG 3; DUH SURYLGHG IRU WKH )5ð$èëíðíïé. WR æïè. DQG )5ð$èéíðíïé. WR æïè.ï 5HPRYH WKLV MXPSHU
ZKHQ XVLQJ WKH )5ð$%5ï

ëï 1RW QHHGHG ZKHQ WKH RSHUDWLRQ SDQHO RU SDUDPHWHU XQLW LV XVHG IRU FDOLEUDWLRQï
êï 7KH )5ð$èëíðìì. RU PRUH DQG )5ð$èéíðìì. RU PRUH DUH QRW HTXLSSHG ZLWK WKH EXLOWðLQ EUDNH UHVLVWRU DQG EUDNH
WUDQVLVWRU PDUNHG óêï

éï $OZD\V HDUWK WKH LQYHUWHU DQG PRWRUï
èï ,QSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ DOORZV WHUPLQDO IXQFWLRQV WR EH DVVLJQHG LQGLYLGXDOO\ï
$OVRñ WKH VZLWFKðRYHU FRQQHFWRU DOORZV DFKDQJH WR VRXUFH ORJLFï

çï 2XWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ DOORZV WHUPLQDO IXQFWLRQV WR EH DVVLJQHG LQGLYLGXDOO\ï
æï $ODUP GHILQLWLRQ FDQ EH RXWSXW LQ DODUP FRGH DQG RXWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ DOORZV WHUPLQDO IXQFWLRQV WR EH
DVVLJQHG LQGLYLGXDOO\ï $OVRñ WKH VZLWFKðRYHU FRQQHFWRU DOORZV D FKDQJH WR VRXUFH ORJLFï

åï 5HSODFHG E\ D UHOD\ IRU WKH )5ð$èëíðêí. RU PRUHï

2XWSXW VWRS

&XUUHQW LQSXW VHOHFWLRQ
õ1RWH èô

õòô õðô
õ/ìô

õ/ëô

õ/êô

õ/ììô

õ/ëìô
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(2)FR-E500
• Single-phase 200V power input

R

S

NFB MC

Power
supply

(L1)

(L2)

• 3-phase 200V power input

U

V

W

(Note 1)
P PR

(Note 2) +

R

TR

(Note 4)

IM

R

S

T

POWER

STF

STR

RH

RM

RL

MRS

RES
(Note 3)

CPU

CON

+5V

SD

10

2

5

4

+5V

RUN

FU

SE

(Note 6)

4 to 20mA DC

NFB

A

B

C

FM

SD

(Note 4)

RA

PC

+24V

MODE SET REV •£

•¥STOP
RESETFWD

Hz

A

PU

RUN

MON

EXIT

MAX

MIN

MC

N

C

P1

Power
supply

Forward rotation

Reverse rotation

Multi-speed
selection
(Note 5)

Output stop
(Note 5)

Reset

Frequency
setting
potentiometer

Analog common

Brake resistor (option)

Converter Inverter

Control
power
supply

Voltage
detection

Current
detection

Gate drive
circuit

Protection
circuit

Judgment
circuit

PWM
circuit

Option
connector

Gate
array

Operation panel

Motor

Ground

Ground

Alarm output
(Note 6)

Frequency meter

Calibration
resistor

Note: 1. The FR-E520-0.1K and 0.2K can not use a brake resistor and do not contain a transistor.
          2. Provided for the FR-E520-2.2K to 7.5K
          3. Not needed when the operation panel or parameter unit is used for calibration.
          4. Always earth the inverter and motor.
          5. Input terminal function selection allows terminal functions to be assigned individually.
          6. Output terminal function selection allows terminal functions to be assigned individually.

(Note 1)

R

(L1)

(L2)

(L3)

(+) (−)
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ìè

ìïêïë 'HVFULSWLRQ RI ,î2 WHUPLQDO VSHFLILFDWLRQV

&RUUHVSRQGLQJ

0RGHO
7HUPLQDO

6\PERO

7HUPLQDO

1DPH
5DWLQJñ HWFï 'HVFULSWLRQ

$èíí (èíí

5HIHU WR

6HFWLRQ

$èíí

êðSKDVHñ ëíí WR ëëí9

èí+]

ëíí WR ëéí9 çí+]

õëêí9ô õ1RWH ìô

êðSKDVHñ êåí WR éåí9

èíîçí+]
5ñ 6ñ 7

õ/ìñ /ëñ /êô

$& SRZHU

LQSXW

WHUPLQDOV
(èíí

êðSKDVHñ ëíí WR ëéí9

èíîçí+]

6LQJOHðSKDVHñ ëíí WR

ëéí9 èíîçí+]

õ,QSXW WR WHUPLQDOV 5ñ 6

õ/ìñ /ëô IRU VLQJOHðSKDVH

SRZHU LQSXWïô

,QVWDOO D SRZHU IDFWRU LPSURYLQJ $& UHDFWRU

ZKHQ LQVWDOOLQJ WKH LQYHUWHU QHDU DQ

HVSHFLDOO\ ODUJHðFDSDFLW\ SRZHU VXSSO\ RU

ZKHQ LPSURYLQJ WKH SRZHU VXSSO\öV SRZHU

IDFWRUï

)RU LQVWDOODWLRQ SURFHGXUHñ UHIHU WR 6HFWLRQ

ëïéïæï

.HHS WKHVH WHUPLQDOV RSHQ ZKHQ XVLQJ WKH

KLJK SRZHU IDFWRU FRQYHUWHU õ)5ð+&ôï

{ { ìïéïì

8ñ 9ñ :

,QYHUWHU

RXWSXW

WHUPLQDOV

��
&RQQHFW D êðSKDVH LQGXFWLRQ PRWRUï

2XWSXW YROWDJH GRHV QRW H[FHHG LQSXW

YROWDJHï

{ { ìïéïê

5ìñ 6ì

õ/ììñ /ëìô

&RQWURO

FLUFXLW SRZHU

VXSSO\

WHUPLQDOV

6DPH UDWLQJ DV WKDW RI

$& SRZHU LQSXW

WHUPLQDOV 5ñ 6ñ 7

õ/ìñ /ëñ /êô

3RZHU FRQVXPSWLRQ

ëë. RU OHVV çí9$

êí. WR èè. åí9$

&RQQHFWHG ZLWK $& SRZHU LQSXW WHUPLQDOV 5ñ

6 õ/ìñ /ëô E\ MXPSHUVï :KHQ KROGLQJ WKH

DODUP GLVSOD\ RU DODUP RXWSXW RU ZKHQ XVLQJ

WKH KLJK SRZHU IDFWRU

FRQYHUWHU õ)5ð+&ôñ UHPRYH WKHVH MXPSHUV

IURP DFURVV WHUPLQDOV 5ð5ì õ/ìð/ììô DQG 6ð6ì

õ/ëð/ëìô DQG LQSXW H[WHUQDO SRZHU WR WKHVH

WHUPLQDOVï

{ { ìïéïë

3ñ 35

õòñ 35ô

%UDNH

UHVLVWRU

FRQQHFWLRQ

WHUPLQDOV

��

5HPRYH WKH MXPSHU IURP DFURVV WHUPLQDOV

35ð3; DQG FRQQHFW WKH RSWLRQDO EUDNH

UHVLVWRU õ)5ð$%5ô DFURVV WHUPLQDOV 3ð35

õò ð35ôï

{ { ëïæïè

35ñ 5;

%XLOWðLQ

EUDNH FLUFXLW

FRQQHFWLRQ

WHUPLQDOV

��
:KHQ WHUPLQDOV 3;ð35 DUH FRQQHFWHG E\ D

MXPSHUñ WKH EXLOWðLQ EUDNH FLUFXLW LV YDOLGï

{

æïè. RU

OHVV

� ëïæïè

3ñ 1

õòñ ðô

%UDNH XQLW

FRQQHFWLRQ

WHUPLQDOV

��
&RQQHFW DQ\ RI WKH RSWLRQDO )5ð%8 õRU %8ô

EUDNH XQLWñ SRZHU UHWXUQ FRQYHUWHU õ)5ð5&ô

DQG KLJK SRZHU IDFWRU FRQYHUWHU õ)5ð+&ôï

{ { ëïæïè

3ñ 3ì

õòñ 3ìô

3RZHU IDFWRU

LPSURYLQJ

'& UHDFWRU

FRQQHFWLRQ

WHUPLQDOV

��

:KHQ XVLQJ WKH RSWLRQDO SRZHU IDFWRU

LPSURYLQJ '& UHDFWRU õ)5ð%(/ôñ UHPRYH WKH

MXPSHU IURP DFURVV WHUPLQDOV 3ìð3 õ3ìð òô
DQG FRQQHFW WKH UHDFWRUï

{ { ëïéïæ

0
DL
Q
FL
UF
XL
Wñ
SR
Z
HU
FL
UF
XL
W

(DUWK

WHUPLQDO
�� $OZD\V HDUWK WKLV WHUPLQDOï { { ìïäïæ

1RWHã ìï )RU WKH )5ð$èëíðêí. WR èè.
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ìç

&RUUHVSRQGLQJ

0RGHO
7HUPLQDO

6\PERO

7HUPLQDO

1DPH
5DWLQJñ HWFï 'HVFULSWLRQ

$èíí (èíí

5HIHU WR

6HFWLRQ

67)

)RUZDUG

URWDWLRQ VWDUW

LQSXW VLJQDO

WHUPLQDO

{ {

675

5HYHUVH

URWDWLRQ VWDUW

LQSXW VLJQDO

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

6KRUW 67)ð6' WR SURYLGH D IRUZDUG URWDWLRQ

FRPPDQG DQG RSHQ WKHP WR VWRSï

6KRUW 675ð6' WR SURYLGH D UHYHUVH URWDWLRQ

FRPPDQG DQG RSHQ WKHP WR VWRSï

6KRUW 67)ð6' DQG 675ð6' DW WKH VDPH WLPH

WR SURYLGH D VWRS FRPPDQGï

'XULQJ RSHUDWLRQñ WKLV FDXVHV GHFHOHUDWLRQ WR

D VWRSï

)RU (èíí ñ VHWWLQJ ûååååû LQ 3Uï ëèí õVWRS

VHOHFWLRQô JLYHV D VWRS FRPPDQG ZKHQ 675ð

6' DUH VKRUWHG RU D UHYHUVH URWDWLRQ

FRPPDQG ZKHQ 67)ð6' DQG 675ð6' DUH

VKRUWHG DW WKH VDPH WLPHï

{ {

6723

6WDUW VHOIð

KROGLQJ

VHOHFWLRQ

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

6KRUW 6723ð6' WR FKRRVH WKH VHOIðKROGLQJ

VWDUW V\VWHPï ,I WKH VWDUW VLJQDO WHUPLQDO 67)

õ675ôð6' RQFH VKRUWHG DUH RSHQHGñ WKH VWDUW

VLJQDO LV KHOG DQG WKH LQYHUWHU FRQWLQXHV

UXQQLQJï 7R VWRS WKH PRWRUñ VKRUWñ WKHQ RSHQ

WHUPLQDOV 6723ð6'ï 7R FKDQJH WKH URWDWLRQ

GLUHFWLRQñ RSHQñ WKHQ VKRUW WKH VWDUW VLJQDO

WHUPLQDO 67) õ675ôð6'ï

7KH VHOIðKROGLQJ VWDUW V\VWHP SUHYHQWV WKH

LQYHUWHU IURP DXWRPDWLFDOO\ UHVWDUWLQJ ZKHQ

SRZHU LV UHVWRUHG DIWHU D SRZHU IDLOXUHï

{
�

õ1RWH ëô

ìïéïè

êðVSHHG

VHOHFWLRQ

WHUPLQDOV

6KRUW 5+ð6' WR SHUIRUP RSHUDWLRQ DW WKH

IUHTXHQF\ VHW LQ 3Uï é IURP WKH RSHUDWLRQ

SDQHO RU SDUDPHWHU XQLWï 6KRUW 50ð6' WR

SHUIRUP RSHUDWLRQ DW WKH IUHTXHQF\ VHW LQ

3Uï èñ RU VKRUW 5/ð6' WR SHUIRUP RSHUDWLRQ

DW WKH IUHTXHQF\ VHW LQ 3Uï çï :KHQ DQ\ WZR

RU PRUH WHUPLQDOV RI 5+ñ 50 DQG 5/ð6' DUH

VKRUWHG DW WKH VDPH WLPHñ SULRULW\ LV JLYHQ WR

WKH ORZHUðVSHHG WHUPLQDOï êðVSHHG VHOHFWLRQ

KDV KLJKHU SULRULW\ WKDQ WKH DQDORJ IUHTXHQF\

VHWWLQJ VLJQDOï

&
RQ
WU
RO
FL
UF
XL
Wõ
LQ
SX
WV
LJ
QD
OV
ô

5+ñ 50ñ

5/

0XOWLðVSHHG

VHOHFWLRQ

WHUPLQDOV

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

)RU PXOWLðVSHHG VHOHFWLRQñ VHWWLQJ PXOWLð

VSHHG IUHTXHQFLHV LQ 3Uï ëé WR 3Uï ëæ DQG

3Uï ëêë WR

3Uï ëêä ZLWK WKH RSHUDWLRQ SDQHO RU

SDUDPHWHU XQLW DOORZV XS WR ìè VSHHGV WR EH

VHOHFWHG E\ WKH FRPELQDWLRQV RI VKRUWHG

SRUWLRQV DFURVV 5+ñ 50ñ 5/ DQG 5(;ð6'ï

$OORFDWH 5(; WR DQ\ RI WKH WHUPLQDOV XVLQJ

LQSXW WHUPLQDO IXQFWLRQ VHOHFWLRQï 0XOWLðVSHHG

VHOHFWLRQ KDV KLJKHU SULRULW\ WKDQ WKH DQDORJ

IUHTXHQF\ VHWWLQJ VLJQDOï

{

õ1RWH êô

{

õ1RWH éô
ìïéïæ

1RWHã ëï $OWKRXJK WKHUH DUH QR WHUPLQDOVñ LQSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìåí WR 3Uï ìåê FDQ EH XVHG WR DVVLJQ HTXLYDOHQW

IXQFWLRQV WR RWKHU WHUPLQDOVï

êï ,QSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìåí WR 3Uï ìåç DOORZ WHUPLQDO IXQFWLRQV WR EH FKDQJHGï

éï ,QSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìåí WR 3Uï ìåê DOORZ WHUPLQDO IXQFWLRQV WR EH FKDQJHGï
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ìæ

&RUUHVSRQGLQJ

0RGHO
7HUPLQDO

6\PERO

7HUPLQDO

1DPH
5DWLQJñ HWFï 'HVFULSWLRQ

$èíí (èíí

5HIHU WR

6HFWLRQ

-2*
-RJ PRGH

VHOHFWLRQ

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

)RU MRJ PRGH VHOHFWLRQñ VKRUW -2*ð6' DQG

VKRUWîRSHQ WKH VWDUW VLJQDO WHUPLQDO 67)

õ675ôð6' WR UXQîVWRSï

{

õ1RWH êô
� ìïéïå

57

6HFRQG

DFFHOHUDWLRQî

GHFHOHUDWLRQ

WLPH

VHOHFWLRQ

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

6KRUW 57ð6' WR FKRRVH WKH VHFRQG

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH LQ 3Uï éé RU

3Uï éè õí WR êçíí Vôñ VHFRQG WRUTXH ERRVW LQ

3Uï éç DQG VHFRQG 9î) LQ 3Uï éæï

)RU (èíí ñ VKRUWLQJ 57ð6' DOVR FKRRVHV

WKH VHFRQG HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ

LQ 3Uï éåï :KHQ 57ð6' DUH RSHQñ WKH

VHWWLQJV RI DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH

õí WR êçíí Vô LQ 3Uï æ DQG 3Uï åñ WRUTXH

ERRVW LQ 3Uï í DQG EDVH IUHTXHQF\ LQ 3Uï ê

õDQG HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ LQ

3Uï ä IRU (èíí ô DUH XVHG IRU RSHUDWLRQï

{

õ1RWH êô

�
õ1RWH ëô

ìïéïìí

056

,QYHUWHU

RXWSXW VWRS

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

6KXWV RII WKH LQYHUWHU RXWSXW DQG FRDVWV WKH

PRWRU WR D VWRSï :KHQ VWRSSLQJ WKH PRWRU

ZLWK D PHFKDQLFDO EUDNH HWFï 7KLV WHUPLQDO LV

XVHG WR VKXW RII WKH LQYHUWHU RXWSXWï %HIRUH

DSSO\LQJ WKH EUDNHñ VKRUW WHUPLQDOV 056ð6'

IRU ëíPV RU ORQJHUï

2SHQLQJ 056ð6' FDXVHV WKH LQYHUWHU WR

RSHUDWH DV XVXDOï +HQFHñ ZKLOH WKH

PHFKDQLFDO EUDNH LV RSHUDWLQJñ NHHS 056ð

6' VKRUWHG RU RSHQ WKH VWDUW VLJQDO 67)

õ675ôð6' WR VHW WKH LQYHUWHU LQ D QRQðRXWSXW

VWDWXVï

{
{

õ1RWH éô
ìïéïìì

5(6
5HVHW

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

'HVLJQHG WR UHVHW WKH LQYHUWHU VWRSSHG E\ WKH

SURWHFWLYH FLUFXLW RSHUDWHG ZKHQ DQ DODUP

RFFXUVï ,PPHGLDWHO\ VHWV HDFK SRUWLRQ RI WKH

FRQWURO FLUFXLW WR WKH LQLWLDO VWDWH DQG VKXWV RII

WKH LQYHUWHU RXWSXW DW WKH VDPH WLPHï 7R

SURYLGH WKLV UHVHW LQSXWñ VKRUW WHUPLQDOV

5(6ð6' IRU íïì VHFRQG RU ORQJHUñ WKHQ RSHQ

WKHPï

1RWH WKDW WKH LQLWLDO UHVHW DW SRZHUðRQ LV

PDGH DXWRPDWLFDOO\ LQ WKH LQYHUWHUñ UHTXLULQJ

íïì WR íïë VHFRQGV DIWHU SRZHUðRQï 'XULQJ

UHVHWñ WKH LQYHUWHU GRHV QRW SURYLGH RXWSXWï

{ { ìïéïìë

&
RQ
WU
RO
FL
UF
XL
Wõ
LQ
SX
WV
LJ
QD
OV
ô

$8

&XUUHQW

LQSXW

VHOHFWLRQ

WHUPLQDO

,QSXW UHVLVWDQFH éïæN:
9ROWDJH ëì WR ëæ9'&

ZKHQ RSHQ

é WR çP$'& ZKHQ

VKRUWHG

3KRWRFRXSOHU LVRODWHG

&RQWUROODEOH E\ RSHQ

FROOHFWRU RXWSXW RU QRð

YROWDJH FRQWDFW VLJQDO

2QO\ ZKHQ $8ð6' DUH VKRUWHGñ WKH é WR

ëíP$ '& IUHTXHQF\ VHWWLQJ VLJQDO LQSXW WR

DFURVV WHUPLQDOV éðè FDQ EH XVHG WR SHUIRUP

RSHUDWLRQï

:KHQ $8ð6' DUH RSHQñ WKH LQSXW VLJQDO

DFURVV WHUPLQDOV éðè LV LQYDOLGï

7KLV WHUPLQDO LV RYHUULGGHQ E\ WKH PXOWLð

VSHHG WHUPLQDOï

{

õ1RWH êô

�
õ1RWH ëô

ìïéïç
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Corresponding

ModelTerminal

Symbol

Terminal

Name
Rating, etc. Description

A500 E500

Refer to

Section

CS

Automatic

restart after

instantaneous

power failure

selection

terminal

Input resistance 4.7kΩ
Voltage 21 to 27VDC

when open

4 to 6mADC when

shorted

Photocoupler isolated

Controllable by open

collector output or

no-voltage contact

signal

Short CS-SD to enable automatic restart

control when power is restored from an

instantaneous power failure (no limit to

power failure period).

Keep terminals CS-SD open if automatic

restart operation after power restoration from

an instantaneous power failure causes

trouble for the machine.

¡

(Note 3)
 1.4.13

SD

Contact

input

common

terminal



Common terminal for the contact input

signals and frequency meter.

Isolated from the common of the control

circuit in A500 .

Not isolated from terminal 5 in E500

(isolated in three-phase 400V class). Isolated

from terminal SE.

¡ ¡ 1.4.19

PC

External

transistor

common

terminal,

24VDC

power

supply

Power supply voltage

range

22 to 26VDC

Current consumption

100mA

When inputting the transistor output (open

collector) having an external power supply,

e.g. a programmable controller (PC), to the

inverter, connect the positive common of the

external power supply to prevent a

malfunction due to leakage current.

Terminals PC-SD can be used as a 24VDC,

0.1A power output.

When source logic is chosen for A500  ,

this terminal acts as a contact input common.

¡ ¡ 1.4.15

10

5V±0.2VDC

Permissible load

current 10mA

¡ ¡

10E

Frequency

setting

power

supply

terminals

10V±0.4VDC

Permissible load

current 10mA

Used as a power supply when a frequency

setting (speed setting) potentiometer is

connected externally.

(Terminal 5 is a common) ¡ 

When 5VDC is chosen for the input voltage

of terminal 2 in Pr. 73, entering 0 to 5VDC to

terminal 2 provides the maximum output

frequency at 5V, making I/O proportional.

(Even an input voltage over 5V is regarded as

5V.)

¡

2

Frequency

setting input

terminal

(Voltage

signal)

Input resistance

10kΩ±1kΩ
Maximum permissible

voltage 20VDC

When 10VDC is chosen for the input voltage

of terminal 2 in Pr. 73, entering 0 to 10VDC

to terminal 2 provides the maximum output

frequency at 10V, making I/O proportional.

(Even an input voltage over 10V is regarded as

10V.)

¡

¡

1.4.6

C
on

tr
ol

 c
irc

ui
t (

in
pu

t s
ig

na
ls

)

5

Frequency

setting input

common

terminal


Common terminal for frequency setting

signals and 0V for the control circuit.

Do not earth this terminal to the ground.

¡ ¡
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ìä

&RUUHVSRQGLQJ

0RGHO
7HUPLQDO

6\PERO

7HUPLQDO

1DPH
5DWLQJñ HWFï 'HVFULSWLRQ

$èíí (èíí

5HIHU WR

6HFWLRQ

ì

)UHTXHQF\

VHWWLQJ

DX[LOLDU\

LQSXW

WHUPLQDO

,QSXW UHVLVWDQFH

ìíN: rìN:
0D[LPXP SHUPLVVLEOH

YROWDJH rëí9'&

:KHQ WKH 3Uï æê YDOXH LV ìí WR ìèñ HQWHULQJ í

WR rìí9õrè9ô'& SURYLGHV WKH PD[LPXP

õPLQLPXPô RXWSXW IUHTXHQF\ DW òìíõòè9ô

õ ðìíõðè9ôôñ PDNLQJ ,î2 SURSRUWLRQDOï :KHQ WKH

3Uï æê YDOXH LV í WR èñ HQWHULQJ í WR rìí9õr
è9ô'& SURYLGHV WKH PD[LPXP RXWSXW

IUHTXHQF\ DW òìíõòè9ô EXW GRHV QRW FDXVH WKH

LQYHUWHU WR RXWSXW DW í WR ðìí9õðè9ôï ,W LV DGGHG
WR WKH VLJQDO RI WHUPLQDO ëï

3Uï æê LV DOVR XVHG WR VZLWFK EHWZHHQ rìí9
DQG rè9ï

{ �

&
RQ
WU
RO
FL
UF
XL
Wõ
LQ
SX
WV
LJ
QD
OV
ô

é

)UHTXHQF\

VHWWLQJ LQSXW

WHUPLQDO

õ&XUUHQW

VLJQDOô

,QSXW UHVLVWDQFH

ëèí: rëø 0D[LPXP

SHUPLVVLEOH FXUUHQW

êíP$

(QWHU é WR ëíP$'&ï 7KH PD[LPXP RXWSXW

IUHTXHQF\ LV SURYLGHG DW ëíP$'&ï $ í+]

FRPPDQG LV JLYHQ DW éP$'&ï

{ {

ìïéïç

%ð&
{

õ1RWH èô

{

õ1RWH çô

$ð&

$ODUP RXWSXW

WHUPLQDOV

&RQWDFW RXWSXW

&RQWDFW FDSDFLW\

ëêí9$& íïê$

õSRZHU IDFWRU  íïéô

êí9'& íïê$

7KHVH FRQWDFW RXWSXWV LQGLFDWH WKDW WKH

SURWHFWLYH IXQFWLRQ RI WKH LQYHUWHU LV DFWLYDWHG

DQG WKH LQYHUWHU RXWSXW VKXW RIIï

,Q WKH QRUPDO VWDWHñ WHUPLQDOV %ð& DUH FORVHG

DQG $ð& DUH RSHQï :KHQ DQ DODUP RFFXUVñ WKH

LQWHUQDO UHOD\ RSHUDWHV WR RSHQ WHUPLQDOV %ð&

DQG FORVH $ð&ï :KHQ WKLV VLJQDO LV RXWSXWñ WKH

PRWRU FRDVWVï

{

õ1RWH èô

{

õ1RWH çô

581

,QYHUWHU

UXQQLQJ

WHUPLQDO

2SHQ FROOHFWRU RXWSXW

3HUPLVVLEOH ORDG

ëé9'& íïì$

7KLV RSHQ FROOHFWRU RXWSXW LV ORZ ZKHQ WKH

RXWSXW IUHTXHQF\ LV KLJKHU WKDQ WKH VWDUWLQJ

IUHTXHQF\ DQG LV KLJK GXULQJ D VWRS RU '&

G\QDPLF EUDNH RSHUDWLRQï

6ZLWFKHG KLJK ZKHQ WKH SURWHFWLYH IXQFWLRQ LV

DFWLYDWHGï

7KH ëé9'& ORDG SRZHU VXSSO\ XVHG VKRXOG

KDYH OHVV WKDQ rìíø ULSSOH õHTXLYDOHQW WR

êðSKDVH IXOOðZDYH UHFWLILFDWLRQôï

{

õ1RWH èô

{

õ1RWH çô

68

8SðWRð

IUHTXHQF\

WHUPLQDO

2SHQ FROOHFWRU RXWSXW

3HUPLVVLEOH ORDG

ëé9'& íïì$

7KLV RSHQ FROOHFWRU RXWSXW LV ORZ ZKHQ WKH

RXWSXW IUHTXHQF\ LV ZLWKLQ rìíø RI WKH SUHVHW

IUHTXHQF\ õIDFWRU\ VHWWLQJñ FDQ EH FKDQJHG

XVLQJ 3Uï éìô DQG LV KLJK GXULQJ

DFFHOHUDWLRQîGHFHOHUDWLRQ RU D VWRSï 7KH

ëé9'& ORDG SRZHU VXSSO\ XVHG VKRXOG KDYH

OHVV WKDQ rìíø ULSSOH õHTXLYDOHQW WR êðSKDVH

IXOOðZDYH UHFWLILFDWLRQôï

{

õ1RWH èô

�
õ1RWH æô

&
RQ
WU
RO
FL
UF
XL
Wõ
RX
WS
XW
VL
JQ
DO
Vô

2/

2YHUORDG

DODUP

WHUPLQDO

2SHQ FROOHFWRU RXWSXW

3HUPLVVLEOH ORDG

ëé9'& íïì$

7KLV RSHQ FROOHFWRU RXWSXW LV VZLWFKHG ORZ

ZKHQ WKH FXUUHQW OLPLW IXQFWLRQ RU VWDOO

SUHYHQWLRQ LV DFWLYDWHG DQG VZLWFKHG KLJK ZKHQ

LW LV GHDFWLYDWHGï

7KH ëé9'& ORDG SRZHU VXSSO\ XVHG VKRXOG

KDYH OHVV WKDQ rìíø ULSSOH õHTXLYDOHQW WR

êðSKDVH IXOOðZDYH UHFWLILFDWLRQôï

{

õ1RWH èô

�
õ1RWH æô

ìïéïìç

1RWHã èï2XWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìäí WR 3Uï ìäè DOORZ WHUPLQDO IXQFWLRQV WR EH FKDQJHGï

çï2XWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìäí WR 3Uï ìäë DOORZ WHUPLQDO IXQFWLRQV WR EH FKDQJHGï

æï$OWKRXJK WKHUH DUH QR WHUPLQDOVñ RXWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQ 3Uï ìäí WR 3Uï ìäë FDQ EH XVHG WR DVVLJQ HTXLYDOHQW

IXQFWLRQV WR RWKHU WHUPLQDOVï
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Corresponding

ModelTerminal

Symbol

Terminal

Name
Rating, etc. Description

A500 E500

Refer to

Section

IPF

Instantaneous

power failure

terminal

Open collector output

Permissible load

24VDC 0.1A

This open collector output is switched low

when the protective circuit is activated due to

an instantaneous power failure or

undervoltage.

The 24VDC load power supply used should

have less than ±10% ripple (equivalent to

 3-phase full-wave rectification).

¡

(Note 5)
 1.4.16

FU

Frequency

detection

terminal

Open collector output

Permissible load

24VDC 0.1A

This open collector output is switched low

when the output frequency reaches or

exceeds the detection frequency set in Pr.

42 or Pr.  43 and is high when it is less than

the detection frequency.

The 24VDC load power supply used should

have less than ±10% ripple (equivalent to

 3-phase full-wave rectification).

¡

(Note 5)

¡

(Note 6)

SE

Open

collector

output

common

terminal


Common for the open collector outputs RUN,

SU, OL, IPF and FU. Isolated from the

common of the control circuit.

¡ ¡ 1.4.19

Factory-set to provide approximately

3.5VDC at 60Hz (when FM-SD are open)

(Note 8), which is proportional to the output

frequency. The output voltage is a 8VDC

pulse-shaped waveform.

Connect a 1mA moving-coil type DC

ammeter.

FM

Terminal for

display

(frequency

meter)

Photocoupler isolated

Permissible load

current 1mA

When the frequency is as set in Pr. 55 or

the current is as set in Pr. 56 (0 to 500A),

the output pulse frequency is 1440

pulses/sec.

¡ ¡ 1.4.17

Factory-set to provide 10VDC at the full-scale

value of each monitor, which is proportional to

each monitor value.

C
on

tr
ol

 c
irc

ui
t (

ou
tp

ut
 s

ig
na

ls
)

AM

Analog

signal

output

terminal

Non-isolated

0 to 10VDC

Permissible load

current 1mA

(load impedance 10kΩ
or more)

Resolution 8 bits

When the frequency is as set in Pr. 55 or the

current is as set in Pr. 56  (0 to 500A), the

output voltage is 10VDC.

¡  1.4.18

C
om

m
un

ic
at

io
n

(PU

connector)

Connector

for

operation

panel

Compliant standard:

EIA Standard RS-485

Transmission form:

Multidrop link system

Communication speed:

Maximum 19200 baud

Overall length: 500m

The operation panel connector enables

communication using RS-485.
¡ ¡ 1.4.21

Note: 8.Approximately 4.7V for E500 .

* The SD, 5 and SE common terminals of the control circuit are all 0V terminals of I/O signals.

Do not earth these common terminals to the ground.
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Information on the Use of the External Terminals

1.4.1 Switching the Inverter Power On/Off

 (Terminals R, S, T (L 1, L2, L3)) COMMON

(1)No-fuse breaker and magnetic contactor on the inverter power supply side COMMON

1) Use the specified no-fuse breaker with the
power supply to protect wiring to the inverter.
A no-fuse breaker of greater capacity may
be required as compared to commercial
power operation because of the low power
factor of the power supply resulting from the
distorted input current. (See Section 2.6.)

2) While a magnetic contactor need not be
provided for operation on the inverter power
supply side, it is recommended to install a
magnetic contactor to ensure safety at alarm
occurrence. The circuit shown in right.
Should be made up to protect the inverter
from any accident etc. that may be caused
by automatic restart when the power is
restored after power failure. When the
magnetic contactor is used, make up the
circuit as shown in Fig. 4.8 and start and
stop the motor by switching on/off the signal
across terminals STF or STR and SD.

3) Start and stop the motor by switching on/off
the signal across the inverter terminals STF
or STR and SD. If the MC is used to stop the
motor, the motor coasts to a stop because
regenerative braking inherent in the inverter
is not applied. If the MC is used to start the
motor during coasting when, for example,
load inertia is extremely large, the protective
circuit (overvoltage E.OV1 to E.OV3) may be
activated to shut off the inverter output.
When performing jog operation, the MC
must not be used to start and stop the motor.
Otherwise, slow response will result because
of a start delay due to the initial reset time
(approximately 0.2 seconds) after power on.

4) The cooling fan starts rotating as soon as
the power is switched on. However, cooling
fan operation selection Pr. 244 may also be
used to exercise cooling fan ON-OFF
control.

Note: To protect the converter from repeated
inrush current generated at power on, the
magnetic contactor in the inverter power
supply must not be used frequently to start
and stop the motor.

MC

T

IM

NFB

R

S

T

F

T
ON

STF(STR)

SD

U

V

W

MC

MC

OFF

MC

B

C

P
ow
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su
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ly

Inverter

"Preparation for operation"

Coasting interlock timer

Motor
(L1)

(L2)

(L3)

Magnetic Contactor Used with Power Supply

RA

CR

IM

NFB

R

S

T

F

RA

STF(STR)

SD

U

V

W

CR

P
ow

er
su

pp
ly

Stop
Start

Motor

Inverter

(L1)

(L2)

(L3)

No Magnetic Contactor in the Primary Power Supply
(Automatic restart prevented when power is restored)
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,QYHUWHU RXWSXW
VKXWðRII

6WDUWLQJ
IUHTXHQF\

&RDVWLQJ WR VWRS

íïì WR íïëV õLQLWLDO UHVHW WLPHô

$SSUR[LPDWHO\ ìíPV ìí WR
ëíPV

3Uï ìê

$èíí
%HWZHHQ PRUH WKDQ ìèPV
DQG OHVV WKDQ èí WR ìííPV
õ1RWH ìô

(èíí
0RUH WKDQ ìíPV õ1RWH ëô

$SSUR[LPDWHO\ ìíPV

3RZHU VXSSO\
5ñ 6ñ 7 õ/ìñ /ëñ /êô

1RWHã ìï 7KH LQYHUWHU RXWSXW LV VKXW RII LPPHGLDWHO\ õEHWZHHQ PRUH WKDQ ìèPV DQG OHVV WKDQ èí WR

ìííPVô DIWHU WKH SRZHU LV VZLWFKHG RIIï

ëï 7KH LQYHUWHU RXWSXW LV VKXW RII LPPHGLDWHO\ LI PRUH WKDQ ìíPV HODSVHV DIWHU WKH SRZHU LV

VZLWFKHG RII DQG WKH EXV YROWDJH RI WKH LQYHUWHU IDOOV WR RU EHORZ D FHUWDLQ OHYHOï

õêô ,QYHUWHU LQVWDQWDQHRXV SRZHU IDLOXUH WLPLQJ FKDUW &20021

7LPH õWô

21

21

21

21
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XW
SX
WI
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F\

3RZHU VXSSO\ 5ñ 6ñ 7 õ/ìñ /ëñ /êô

6WDUW 67) õ675ô

,QYHUWHU RXWSXW VKXWðRII

6WDUWLQJ
IUHTXHQF\

&RDVWLQJ

$SSUR[LPDWHO\
ìíPV

3Uï ìê

$èíí
%HWZHHQ PRUH WKDQ ìèPV DQG

OHVV WKDQ èí WR ìííPV

(èíí
0RUH WKDQ ìèPV

õ1RWH ìô ,QVWDQWDQHRXV SRZHU IDLOXUH ,3)

õ1RWH ìô $ODUP RXWSXW UHOD\

:LWKLQ ìèPV

:LWKLQ ìíPV

$èíí

(èíí 0RUH WKDQ ìíPV
$èíí õ1RWH ìô

1RWHã ìï )RU $èíí ñ DFWLYDWHG ZKHQ WKH SRZHU LV UHVWRUHG ZLWKLQ ìè WR ìííPVï 1RWH WKDW WKH DODUP

RXWSXW VLJQDO LV QRW VZLWFKHG RQ ZKHQ í RU DQ\ RI íïì WR è LV VHW LQ 3Uï èæñ DXWRPDWLF UHVWDUW

DIWHU LQVWDQWDQHRXV SRZHU IDLOXUHï

)RU (èíí ñ WKH DODUP RXWSXW LV QRW SURYLGHG LI WKH SRZHU LV UHVWRUHG DIWHU WKH LQYHUWHU RXWSXW LV

VKXW RIIñ DQG RSHUDWLRQ UHVXPHV DW WKH VWDUWLQJ IUHTXHQF\ï 1RWH WKDW DXWRPDWLF UHVWDUW DIWHU

LQVWDQWDQHRXV SRZHU IDLOXUH LV PDGH ZKHQ í RU DQ\ RI íïì WR è LV VHW LQ 3Uï èæ DQG WKH SRZHU

LV UHVWRUHG ZKLOH WKH FRQWURO SRZHU UHPDLQVï

ëï $Q LQVWDQWDQHRXV SRZHU IDLOXUH RI ORQJHU WKDQ ìííPV LV LGHQWLFDO WR D ORQJðWLPH SRZHU IDLOXUH

õUHIHU WR õëô ,QYHUWHU SRZHU RQîRII WLPLQJ FKDUWôï ,I WKH VWDUW VLJQDO LV RQñ WKH LQYHUWHU LV UHVWDUWHG

ZKHQ WKH SRZHU LV UHVWRUHGï
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ìïéïë &RQQHFWLQJ ([WHUQDO 3RZHU 6XSSO\ WR WKH &RQWURO &LUFXLW
õ7HUPLQDOV 5ìñ 6ìô $èíí

,I DQ\ RI WKH SURWHFWLYH IXQFWLRQV õRWKHU WKDQ WKH VWDOO

SUHYHQWLRQ DQG FXUUHQW OLPLW IXQFWLRQVô DUH DFWLYDWHGñ

WKH DODUP LQGLFDWRU ODPS LV OLW DQG WKH FRUUHVSRQGLQJ

DODUP VLJQDO LV RXWSXWï ,I WKH PDJQHWLF FRQWDFWRU HWFï

LQ WKH LQYHUWHU SRZHU VXSSO\ LV VZLWFKHG RII E\ WKH

DODUP VLJQDO DW WKLV WLPHñ WKH FRQWURO SRZHU LV ORVW DQG

WKH DODUP RXWSXW FDQQRW EH NHSW RQï 7R NHHS WKLV

DODUP RXWSXW RQñ XVH WKH RWKHU SRZHU VXSSO\ ZLWK WKH

FRQWURO FLUFXLW õSRZHU VXSSO\ ZLWK WKH VDPH YROWDJH

DV WKH RQH XVHG ZLWK WKH PDLQ FLUFXLWôï

&RQQHFWLRQ

7KH RWKHU SRZHU VXSSO\ FRQQHFWLRQ WHUPLQDO EORFN RQ

WKH SULQWHG FLUFXLW ERDUG LV D WZRðVWHS W\SH WHUPLQDO

EORFN DQG OLQNV DUH FRQQHFWHG DFURVV WKH XSSHU DQG

ORZHU WHUPLQDOV EHIRUH VKLSPHQW IURP WKH IDFWRU\ï

$IWHU ORRVHQLQJ õDQG UHPRYLQJô WKH VFUHZV DQG

UHPRYLQJ WKH OLQNV DV VKRZQ EHORZñ FRQQHFW DQ

H[WHUQDO SRZHU VXSSO\ LQ WKH SURFHGXUH VKRZQ

EHORZï

5
6 7

5ì 6ì

7HUPLQDO EORFN IRU PDLQ FLUFXLW

ìô /RRVHQ WKH XSSHU VFUHZVï
ëô 5HPRYH WKH ORZHU VFUHZVï
êô 5HPRYH WKH MXPSHUVï
éô &RQQHFW WKH VHSDUDWH SRZHU VXSSO\ FDEOHV IRU FRQWURO FLUFXLW

WR WKH ORZHU WHUPLQDOV õ5ìñ 6ìôï

õ/ìô õ/ëô
õ/êô

)RU )5ð$èëíðíïé. WR êïæ.ñ )5ð$èéíðíïé. WR êïæ.

6 7

0&

5ì6ì 3RZHU VXSSO\
WHUPLQDO EORFN
IRU FRQWURO FLUFXLW

0DLQ SRZHU VXSSO\

3RZHU VXSSO\
WHUPLQDO EORFN
IRU FRQWURO FLUFXLW

$OZD\V FRQQHFW WKH VHSDUDWH SRZHU VXSSO\ WR WKH XSSHU WHUPLQDOVï
&RQQHFWLQJ LW WR WKH ORZHU WHUPLQDOV ZLOO GDPDJH WKH LQYHUWHUï

ìô /RRVHQ WKH XSSHU VFUHZVï
ëô 5HPRYH WKH ORZHU VFUHZVï
êô 3XOO DQG UHPRYH WKH MXPSHUVï
éô &RQQHFW WKH VHSDUDWH SRZHU VXSSO\ FDEOHV IRU FRQWURO FLUFXLW
WR WKH XSSHU WHUPLQDOV õ5ìñ 6ìôï

5
õ/ìô õ/ëô õ/êô

)RU )5ð$èëíðèïè. WR èè.ñ )5ð$èéíðèïè. WR èè.

õìô 7KH FRQWURO SRZHU VXSSO\ õWHUPLQDOV 5ìñ 6ìô VKRXOG
QRW EH VZLWFKHG RII ZKHQ WKH PDLQ FLUFXLW SRZHU
VXSSO\ õWHUPLQDOV 5ñ 6ñ 7 õ/ìñ /ë DQG /êôô DUH RQï
:KHQ WKH PDLQ FLUFXLW SRZHU VXSSO\ LV RQñ D '&
YROWDJH H[LVWV LQ WKH FRQYHUWHU RXWSXW DUHD DQG WKH
YROWDJH LV EHLQJ DSSOLHG WR WKH WUDQVLVWRUVï ,I D VLJQDO
HQWHUV WKH WUDQVLVWRU JDWH FLUFXLW GXH WR QRLVH HWFïñ WKH
WUDQVLVWRUV FRQGXFW DQG WKH WHUPLQDOV 3 DQG 1

õò DQG ðô DUH FRQQHFWHGñ ZKLFK PD\ GDPDJH WKH
WUDQVLVWRU PRGXOHVï :KHQ WKH FRQWURO SRZHU VXSSO\ LV
RQñ DQ LQYHUVH ELDV YROWDJH LV DSSOLHG WR WKH JDWH
FLUFXLW WR SUHYHQW WKH WUDQVLVWRUV IURP FRQGXFWLQJï 7KH
FLUFXLW VKRXOG EH PDGH XS VR WKDW WKH PDLQ FLUFXLW
SRZHU VXSSO\ WHUPLQDOV 5ñ 6 DQG 7 õ/ìñ /ë DQG /êô DUH
DOZD\V RII ZKHQ WKH FRQWURO SRZHU VXSSO\ WHUPLQDOV
5ì DQG 6ì DUH RIIï
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õëô ,I WKH PDJQHWLF FRQWDFWRU RI WKH PDLQ FLUFXLW SRZHU

VXSSO\ õWHUPLQDOV 5ñ 6ñ 7 õ/ìñ /ë DQG /êôô LV

VZLWFKHG RII õIRU PRUH WKDQ íïì VHFRQGôñ WKHQ RQñ

WKH LQYHUWHU LV UHVHWï +HQFHñ WKLV PHWKRG PD\ EH

XVHG WR SHUIRUP DODUPðRQ UHVHWï

õêô ,I WKH SULPDU\ 0& LV VZLWFKHG RII RQFH õIRU PRUH

WKDQ íïì VHFRQGôñ WKHQ RQ GXULQJ LQYHUWHU RXWSXW

õRSHUDWLRQôñ WKH LQYHUWHU LV LQLWLDOðUHVHW DQG WKH

PRWRU LV UHVWDUWHG LQ WKH FRDVWLQJ VWDWHï

,I WKH 0& LV VZLWFKHG RIIñ WKH XQGHUYROWDJH

õ(ï 897ô SURWHFWLRQ LV QRW DFWLYDWHGï

1RWHã 7KH XQGHUYROWDJH SURWHFWLRQ PD\ EH

DFWLYDWHG ZKHQ D FDSDFLWRU õQRLVH ILOWHUô LV

EHLQJ FRQQHFWHG WR WKH WHUPLQDOV 5ñ 6 DQG

7 õ/ìñ /ë DQG /êôï

õéô ,I WKH SULPDU\ 0& LV VZLWFKHG RIIñ WKH DODUP RXWSXW

VLJQDO LV QRW VZLWFKHG RQï :KHQ WKH 0& LV RIIñ WKH

SDUDPHWHU XQLW õ)5ð'8íéñ )5ð38íéô FDQ EH

RSHUDWHGï õ7KH PRWRU FDQQRW EH UXQïô

õèô&DSDFLW\ õ9$ô RI WKH RWKHU SRZHU VXSSO\

:KHQ WKH RWKHU SRZHU LV VXSSOLHG IURP 5ì DQG

6ìñ çí9$ RU PRUH LV UHTXLUHGï

,QUXVK FXUUHQW RI DSSUR[LPDWHO\ éí$ IORZV

õìïêPVôï

ìïéïê 6ZLWFKLQJ WKH LQYHUWHU RXWSXW 0& RQîRII õ8ñ 9ñ :ô &20021

,I WKH PDJQHWLF FRQWDFWRU LV VZLWFKHG RQ GXULQJ LQYHUWHU RSHUDWLRQ õRXWSXWôñ D ODUJH VWDUWLQJ FXUUHQW DFWLYDWHV

WKH FXUUHQW OLPLW IXQFWLRQñ UHGXFLQJ WKH RXWSXW IUHTXHQF\ï

õìô ,QYHUWHU RXWSXW 0& VZLWFKðRQ PRGH õZLWK IDVWðUHVSRQVH FXUUHQW OLPLWô &20021

0RWRU 6WDWH EHIRUH 0&

6ZLWFKHG 2Q

,QYHUWHU 6WDWH

0RWRU 5RWDWLQJ õ&RDVWLQJô 0RWRU DW 6WRS

,QYHUWHU RSHUDWLQJ 0& PD\ EH VZLWFKHG RQ õ1RWHô 0& PD\ EH VZLWFKHG RQ õ1RWHô

,QYHUWHU DW VWRS 0& PD\ EH VZLWFKHG RQ õ1RWHô
0& PD\ EH VZLWFKHG RQ

õ7KLV FRQGLWLRQ LV WKH EHVWô

1RWHã 7KH RYHUFXUUHQW SURWHFWLRQ LV QRW DFWLYDWHG EXW WKH HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ PD\ EH DFWLYDWHGï

õëô ,QYHUWHU RXWSXW 0& VZLWFKðRII PRGH &20021

0RWRU 6WDWH EHIRUH 0&

6ZLWFKHG 2II

,QYHUWHU 6WDWH

0RWRU 2SHUDWLQJ
0RWRU 5RWDWLQJ

õ&RDVWLQJô
0RWRU DW 6WRS

,QYHUWHU RSHUDWLQJ
0& PD\ EH VZLWFKHG RII

õ7KH PRWRU FRDVWV WR D VWRSô
� �

,QYHUWHU DW VWRS � 0& PD\ EH VZLWFKHG RII 0& PD\ EH VZLWFKHG RII
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1.4.4 Input signals Common

(1) Input terminal function assignment COMMON

The inverter has the input terminals whose functions can be changed by parameter setting.
1) A500

Terminals RL, RM, RH, RT, AU, JOG and CS are assigned functions by Pr. 180 to Pr. 186,
respectively.

Parameter

Number
Function name Factory Setting Setting Range

180 RL terminal function selection  Low-speed operation command (RL) 0 to 99, 9999

181 RM terminal function selection  Middle-speed operation command (RM) 0 to 99, 9999

182 RH terminal function selection  High-speed operation command (RH) 0 to 99, 9999

183 RT terminal function selection  Second function selection (RT) 0 to 99, 9999

184 AU terminal function selection  Current input selection (AU) 0 to 99, 9999

185 JOG terminal function selection  Jog operation selection (JOG) 0 to 99, 9999

186 CS terminal function selection
 Automatic restart after instantaneous power

failure selection (CS)
0 to 99, 9999

Setting
Signal

Name
Functions

Pr. 59 = 0  * Pr. 59 = 1, 2  * Pr. 79 = 5  * Pr. 270 = 1, 3  *

0 RL
Low-speed operation

command

Remote setting

(setting clear)

Programmed operation

group selection

Stop-on contact selection

0

1 RM
Middle-speed operation

group selection

Remote setting

(deceleration)

Programmed operation

group selection

2 RH
High-speed operation

command

Remote setting

(acceleration)

Programmed operation

group selection

3 RT Second function selection.
Stop-on contact selection

1

4 AU Current input selection

5 JOG Jog operation selection

6 CS Automatic restart after instantaneous power failure selection

7 OH External thermal relay input

8 REX 15-speed selection (combination with RL, RM, RH)

9 X9 Third function

10 X10 FR-HC connection (inverter operation enable)

11 X11 FR-HC connection (instantaneous power failure detection)

12 X12 PU operation external interlock

13 X13 External DC dynamic braking start

14 X14 PID control valid terminal

15 BRI Brake opening completion signal

16 X16 PU-external operation switch-over

17 X17 Load pattern selection forward/reverse rotation boost

18 X18 Advanced magnetic flux vector-V/F switch-over

19 X19 Load torque high-speed frequency

9999  No function

*When Pr. 59 = "1" or "2", Pr. 79 = "5", and Pr. 270 = "1" or "3", the functions of the RL, RM, RH and RT signals change as 

listed above.

Note: 1. One function can be assigned to two or more terminals. In this case, the function is activated when
one of the terminals assigned is turned on.

2. The speed command priorities are higher in order of jog, multi-speed setting (RH, RM, RL, REX),
AU and analog command input.
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3: Use common terminals to assign programmed operation group selection, multi-speeds (7 speeds)
and remote setting. They cannot be set individually. (Common terminals are used since these
functions are designed for speed setting and need not be set at the same time.)

4: Stop-on-contact control selection, Pr. 270 = "1" or "3", uses both the low-speed operation
command (RL) and second function selection (RT), and its allocation cannot be changed.

5: When the FR-HC connection (inverter operation enable) signal (X10) is not set, the MRS terminal
shares this function.

6: When "7" is set in Pr. 79 and the PU operation external interlock signal (X12) is not assigned, the
MRS signal acts as this function.

7: When the load pattern selection forward/reverse rotation boost signal (X17) is not assigned, the
second function selection (RT) shares this function.

8: When advanced magnetic flux vector-V/F switch-over signal (X18) is not assigned, the second
function selection (RT) shares this function.

2) E500

Terminals RL, RM, RH and MRS are assigned functions by Pr. 180 to Pr. 183, respectively.

Function

Number

Function name Setting Range Factory Setting

180 RL terminal function selection 0, 8, 16, 18 0,  Low-speed operation command (RL)

181 RM terminal function selection 0, 8, 16, 18 1,  Middle-speed operation command (RM)

182 RH terminal function selection 0, 8, 16, 18 2,  High-speed operation command (RH)

183 MRS terminal function selection 0, 8, 16, 18 6,  Output shut-off (MRS)

Setting
Signal

Name
Functions

Pr. 59 = 0 Pr. 59 = 1, 2  *

0 RL Low-speed operation command Remote setting (setting clear)

1 RM Middle-speed operation command Remote setting (deceleration)

2 RH High-speed operation command Remote setting (acceleration)

3 RT Second function selection

4 AU Current input selection

5 STOP Start self-holding

6 MRS Output shut-off

7 OH External thermal relay input.

8 REX 15-speed selection (combination with three speeds of RL, RM, RH)

16 X16 PU operation-external operation switch-over

18 X18
General-purpose magnetic flux vector-V/F switch-over (OFF: general-purpose magnetic flux vector control,

ON: V/F control) (Note 3)

* When Pr. 59 = "1" or "2", the functions of the RL, RM, RH and RT signals change as listed above.

Note: 1. One function can be assigned to two or more terminals. In this case, the function is activated when one of the terminals

assigned is turned on.

2. The speed command priorities are higher in order of multi-speed setting (RH, RM, RL, REX), AU and analog command input.

3. When V/F control is selected by V/F-general-purpose magnetic flux switch-over, the second function is also selected.

4. Use common terminals to assign multi-speeds (7 speeds) and remote setting. They cannot be set individually.

(Common terminals are used since these functions are designed for speed setting and need not be set at the same time.)
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(2)Control logic changing A500  E500  (400V class)
In the A500  and E500  (400V class), the input
signal control logic can be changed between the
sink logic type and source logic type.
In the sink logic type, a signal switches on when a
current flows out of the corresponding signal input
terminal. Terminal SD is a common terminal.
In the source logic type, a signal switches on
when a current flows into the corresponding
signal input terminal. Terminal PC is a common
terminal.
To change the control logic, the position of the
connector on the rear surface of the control circuit
terminal block must be changed.
The input signal logic is factory-set to sink.
(Output signals may be used in either the sink or
source logic, independently of the connector
position.)

STF

STR

SD

Current

Sink logic type
PC

STF

STR

Current

Source logic type

1) For A500

Loosen the two mounting screws in both ends of the control circuit terminal block. (The screws cannot be
removed.)With both hands, pull down the terminal block from the back of the control circuit terminals.

Remove the connector from the rear surface of the control circuit terminal block and place in required
Logic position (either Sink or Source).

CON1

S
IN

K
C

O
N

3

C
O

N
2

S
O

U
R

C
E

S
IN

K
C

O
N

3

C
O

N
2

S
O

U
R

C
E

Using care not to bend the pins of the control circuit connector, reinstall the control circuit terminal block
and fix it with the mounting screws.

Note: 1. Make sure that the control circuit connector is fitted correctly.
2. While power is on, never disconnect the control circuit terminal block.
3. The sink-source logic change-over connector must be fitted in only one of those positions. If it is

fitted in both positions at the same time, the inverter may be damaged.

2) For E500  (400V class)
Using tweezers etc., move the connector from the sink logic position to the source logic position (or from
source to sink position).
Change the connector position before switching power on.

Note: 1. In the 200V and 100V classes, the logic cannot be changed.
2. Fit the sink-source logic changeover connector in only one position. If connectors are fitted to both

positions simultaneously, the inverter may be damaged.
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$ WZRðZLUH W\SH FRQQHFWLRQ LV VKRZQ EHORZï

ìô 7KH IRUZDUGîUHYHUVH URWDWLRQ VLJQDO LV XVHG DV

ERWK WKH VWDUW DQG VWRS VLJQDOVï 6ZLWFK RQ HLWKHU

RI WKH IRUZDUG DQG UHYHUVH URWDWLRQ VLJQDOV WR

VWDUW WKH PRWRU LQ WKH FRUUHVSRQGLQJ GLUHFWLRQï

6ZLWFK RQ ERWK RU VZLWFK RII WKH VWDUW VLJQDO

GXULQJ RSHUDWLRQ WR GHFHOHUDWH WKH LQYHUWHU WR D

VWRSï

ëô 7KH IUHTXHQF\ VHWWLQJ VLJQDO PD\ HLWKHU EH

JLYHQ E\ HQWHULQJ í WR è9'& õRU í WR ìí9'&ô

DFURVV IUHTXHQF\ VHWWLQJ LQSXW WHUPLQDO ëðè RU

E\ VHWWLQJ WKH UHTXLUHG YDOXHV LQ WKH WKUHHð

VSHHG VHWWLQJ SDUDPHWHUV 3Uï é WR 3Uï ç õKLJKñ

PLGGOHñ ORZ VSHHGVôï õ)RU WKUHHðVSHHG

RSHUDWLRQñ UHIHU WR 6HFWLRQ ìïéïæïô

êô $IWHU WKH VWDUW VLJQDO KDV EHHQ LQSXWñ WKH

LQYHUWHU VWDUWV RSHUDWLQJ ZKHQ WKH IUHTXHQF\

VHWWLQJ VLJQDO UHDFKHV RU H[FHHGV WKH VWDUWLQJ

IUHTXHQF\ VHW LQ 3Uï ìê õIDFWRU\ðVHW WR íïè+]ôï

,I WKH PRWRU ORDG WRUTXH LV ODUJH RU WKH WRUTXH

ERRVW YDOXH VHW LQ 3Uï í LV VPDOOñ RSHUDWLRQ PD\

QRW EH VWDUWHG GXH WR LQVXIILFLHQW WRUTXH XQWLO

WKH LQYHUWHU RXWSXW IUHTXHQF\ UHDFKHV DERXW ê

WR ç+]ï

,I WKH PLQLPXP IUHTXHQF\ OLPLW VHW LQ 3Uï ë

õIDFWRU\ VHWWLQJ  í+]ô LV ç+]ñ IRU H[DPSOHñ

PHUHO\ HQWHULQJ WKH VWDUW VLJQDO FDXVHV WKH

UXQQLQJ IUHTXHQF\ WR UHDFK WKH PLQLPXP

IUHTXHQF\ OLPLW RI ç+] DFFRUGLQJ WR WKH

DFFHOHUDWLRQ WLPH VHW LQ 3Uï æï

éô 7R VWRS WKH PRWRUñ RSHUDWH WKH '& G\QDPLF

EUDNH IRU WKH SHULRG RI '& G\QDPLF EUDNH

RSHUDWLRQ WLPH VHW LQ 3Uï ìì õIDFWRU\ VHWWLQJ  

íïè VHFRQGVô DW QRW PRUH WKDQ WKH '& G\QDPLF

EUDNH RSHUDWLRQ IUHTXHQF\ RU DW QRW PRUH WKDQ

íïè+]ï

7R GLVDEOH WKH '& G\QDPLF EUDNH IXQFWLRQñ VHW

ûíû LQ HLWKHU RI 3Uï ìì õ'& G\QDPLF EUDNH

RSHUDWLRQ WLPHô DQG 3Uï ìë õ'& G\QDPLF EUDNH

YROWDJHôï

,Q WKLV FDVHñ WKH PRWRU LV FRDVWHG WR D VWRS DW

QR PRUH WKDQ WKH IUHTXHQF\ VHW LQ 3Uï ìí õ'&

G\QDPLF EUDNH RSHUDWLRQ IUHTXHQF\ñ í WR ìëí+]

YDULDEOHô RU DW QR PRUH WKDQ íïè+] õZKHQ WKH

'& G\QDPLF EUDNH LV QRW RSHUDWHGôï

èô ,I WKH UHYHUVH URWDWLRQ VLJQDO LV LQSXW GXULQJ

IRUZDUG URWDWLRQ RU WKH IRUZDUG URWDWLRQ VLJQDO LV

LQSXW GXULQJ UHYHUVH URWDWLRQñ WKH LQYHUWHU LV

VZLWFKHG WR WKH RSSRVLWH RXWSXW SRODULW\ ZLWKRXW

JRLQJ WKURXJK WKH VWRS PRGHï

õëô7KUHHðZLUH W\SH FRQQHFWLRQ õ67)ñ 675ñ 6723ô
&20021

$ WKUHHðZLUH W\SH FRQQHFWLRQ LV VKRZQ EHORZï )RU
(èíí ñ DVVLJQ WKH VWDUW VHOIðKROGLQJ VLJQDO õ6723ô

WR DQ\ RI WKH LQSXW WHUPLQDOVï

ìô 6KRUW WHUPLQDOV 6723ð6' WR HQDEOH WKH VWDUW

VHOIðKROGLQJ IXQFWLRQï ,Q WKLV FDVHñ WKH

IRUZDUGîUHYHUVH URWDWLRQ VLJQDO IXQFWLRQV RQO\

DV D VWDUW VLJQDOï

ëô ,I WKH VWDUW VLJQDO WHUPLQDO 67) õ675ôð6' DUH

VKRUWHG RQFHñ WKHQ RSHQHGñ WKH VWDUW VLJQDO LV

NHSW RQ DQG VWDUWV WKH LQYHUWHUï 7R FKDQJH WKH

URWDWLRQ GLUHFWLRQñ VKRUW WKH VWDUW VLJQDO 675

õ67)ôð6' RQFHñ WKHQ RSHQ LWï VLJQDOV VZLWFKHG

RQ ILUVW LV PDGH YDOLG DQG VWDUWV WKH LQYHUWHU LQ

WKH FRUUHVSRQGLQJ GLUHFWLRQï

êô 7KH LQYHUWHU LV GHFHOHUDWHG WR D VWRS E\

RSHQLQJ WHUPLQDOV 6723ð6' RQFHï )RU WKH

IUHTXHQF\ VHWWLQJ VLJQDO DQG WKH RSHUDWLRQ RI

'& G\QDPLF EUDNH DW D VWRS WLPHñ UHIHU WR

SDUDJUDSKV ëô WR éô LQ õìô 7ZRðZLUH W\SH

FRQQHFWLRQï 7KH WKUHHðZLUH FRQQHFWLRQ LV DV

VKRZQ EHORZï

éô :KHQ WHUPLQDOV -2*ð6' DUH VKRUWHGñ WKH

VLJQDO RI WHUPLQDO 6723 LV LQYDOLG DQG MRJ

RSHUDWLRQ KDV SUHFHGHQFHï õ (èíí GRHV QRW

KDYH WKH -2* VLJQDOïô

èô ,I WKH RXWSXW VWRS WHUPLQDO 056ð6' DUH

VKRUWHGñ WKH VHOIðKROGLQJ IXQFWLRQ LV QRW

GHDFWLYDWHGï
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6WRS

5HYHUVH
URWDWLRQ VWDUW

7ZRð:LUH 7\SH &RQQHFWLRQ ([DPSOH 7KUHHð:LUH 7\SH &RQQHFWLRQ ([DPSOH

'& '\QDPLF %UDNH DQG &RDVWLQJ WR 6WRS

([WHUQDO 2SHUDWLRQ RU &RPELQHG 2SHUDWLRQ

3Uï äæ  íñ ëñ ê

38 2SHUDWLRQ RU &RPELQHG 2SHUDWLRQ

3Uï äæ  íñ ìñ é

2SHUDWLRQ 0RGH

'& '\QDPLF %UDNH

7HUPLQDOV 67) õ675ôð6'

GLVFRQQHFWHG

õ1RWH ìô

7HUPLQDOV 67) õ675ôð6'

FRQQHFWHG õ1RWH ëô DQG

í9 DFURVV WHUPLQDOV ëðè

6723 NH\
6HW IUHTXHQF\ FKDQJHG

WR í+]

'& G\QDPLF EUDNH

HQDEOHG

'& G\QDPLF EUDNH

RSHUDWHG DW QRW PRUH

WKDQ WKH '& G\QDPLF

EUDNH RSHUDWLRQ

IUHTXHQF\ VHW LQ 3Uï ìí

'& G\QDPLF EUDNH

RSHUDWHG DW íïè+] RU

OHVVï

'& G\QDPLF EUDNH

RSHUDWHG DW QRW PRUH

WKDQ WKH '& G\QDPLF

EUDNH

RSHUDWLRQ IUHTXHQF\ VHW

LQ 3Uï ìí

'& G\QDPLF EUDNH

RSHUDWHG DW íïè+] RU

OHVVï

'& G\QDPLF EUDNH

GLVDEOHG

&RDVWHG WR D VWRS DW QRW

PRUH WKDQ WKH '&

G\QDPLF EUDNH RSHUDWLRQ

IUHTXHQF\ VHW LQ 3Uï ìí

&RDVWHG WR D VWRS DW

íïè+] RU OHVVï

&RDVWHG WR D VWRS DW QRW

PRUH WKDQ WKH '&

G\QDPLF EUDNH RSHUDWLRQ

IUHTXHQF\ VHW LQ 3Uï ìí

&RDVWHG WR D VWRS DW

íïè+] RU OHVVï

1RWHã ìï $OVR VWRSSHG E\ WKH 6723 NH\ï 5HIHU WR 6HFWLRQ ìïçïìéï

ëï )RU PXOWLðVSHHG RSHUDWLRQñ WKH VDPH RSHUDWLRQ LV SHUIRUPHG ZKHQ WHUPLQDO 5+î50î5/ð6' DUH GLVFRQQHFWHGï
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6WDUW VLJQDO VZLWFKHG RQ
ZKLOH '& G\QDPLF EUDNH
LV EHLQJ RSHUDWHG

)RUZDUG
URWDWLRQ '& G\QDPLF

EUDNH HQDEOHG

5HYHUVH
URWDWLRQ

$SSUR[LPDWHO\
ìíPV

$SSUR[LPDWHO\
ìíPV

$SSUR[LPDWHO\
ìíPV

6WDUW VLJQDO
WHUPLQDO
$FURVV 67)ð6'
$FURVV 675ð6'

6WDUWLQJ IUHTXHQF\
3Uï ìê õ1RWH ìô

õ1RWH éô
'& G\QDPLF EUDNH
RSHUDWLRQ IUHTXHQF\ 3Uï ìí

'& G\QDPLF EUDNH
RSHUDWLRQ WLPH 3Uï ìì
õ1RWH êô

)RUZDUGð5HYHUVH 5RWDWLRQ 6ZLWFKð2YHU 7LPLQJ &KDUW

1RWHã ìï 7KH VWDUWLQJ IUHTXHQF\ 3Uï ìê õIDFWRU\ðVHW WR íïè+]ô PD\ EH VSHFLILHG EHWZHHQ í DQG çí+]ï

ëï ,I WKH QH[W VWDUW VLJQDO LV JLYHQ GXULQJ '& G\QDPLF EUDNH RSHUDWLRQñ WKH '& G\QDPLF EUDNH LV

GLVDEOHG DQG UHVWDUW LV PDGHï

êï 7KH '& G\QDPLF EUDNH RSHUDWLRQ WLPH 3Uï ìì õIDFWRU\ðVHW WR íïè Vô PD\ EH VSHFLILHG EHWZHHQ í DQG

ìí VHFRQGVï

éï 7KH IUHTXHQF\ DW ZKLFK WKH PRWRU LV FRDVWHG WR D VWRS LV QRW PRUH WKDQ WKH '& G\QDPLF EUDNH

RSHUDWLRQ IUHTXHQF\ VHW LQ 3Uï ìí õIDFWRU\ VHWWLQJ  ê+]â PD\ EH VHW EHWZHHQ í DQG ìëí+]ô RU QRW

PRUH WKDQ íïè+]ï

èï 7KH VWDUWLQJ IUHTXHQF\ 3Uï ìêñ '& G\QDPLF EUDNH RSHUDWLRQ WLPH 3Uï ìì DQG '& G\QDPLF EUDNH

RSHUDWLRQ IUHTXHQF\ 3Uï ìí DUH WKH IDFWRU\ðVHW YDOXHVï
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ìïéïç 5HODWLRQVKLSV EHWZHHQ IUHTXHQF\ VHWWLQJ LQSXW VLJQDOV DQG RXWSXW
IUHTXHQFLHV õìíñ ìí(óñ ëñ èñ ìóñ éñ $8ô &20021

õóìí( DQG ì DUH QRW SURYLGHG IRU (èíí ô

7KH DQDORJ IUHTXHQF\ VHWWLQJ LQSXW VLJQDOV WKDW PD\

EH HQWHUHG DUH YROWDJH DQG FXUUHQW VLJQDOVï

)RU WKH UHODWLRQVKLSV EHWZHHQ WKH IUHTXHQF\ VHWWLQJ

LQSXW YROWDJHV õFXUUHQWVô DQG RXWSXW IUHTXHQFLHVñ

UHIHU WR WKH IROORZLQJ GLDJUDPï 7KH IUHTXHQF\ VHWWLQJ

LQSXW VLJQDOV DUH SURSRUWLRQDO WR WKH RXWSXW

IUHTXHQFLHVï 1RWH WKDW ZKHQ WKH LQSXW VLJQDO LV OHVV

WKDQ WKH VWDUWLQJ IUHTXHQF\ñ WKH RXWSXW IUHTXHQF\ RI

WKH LQYHUWHU LV í+]ï

,I WKH LQSXW VLJQDO RI è9'& õRU ìí9ñ ëíP$ô RU KLJKHU

LV HQWHUHGñ WKH PD[LPXP RXWSXW IUHTXHQF\ LV QRW

H[FHHGHGï
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õëô
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0D[LPXP IUHTXHQF\ OLPLW
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0LQLPXP IUHTXHQF\ OLPLW
õí WR ìëí+]ô

6WDUWLQJ IUHTXHQF\
õí WR çí+]ô

,QSXW YROWDJH
LV SURSRUWLRQDO
WR RXWSXW
IUHTXHQF\ï

)UHTXHQF\ VHWWLQJ VLJQDO

)UHTXHQF\ DW ëíP$ LQSXW
)UHTXHQF\ DW è9 LQSXW

õì WR éíí+]ô

3Uï ìê

5HODWLRQVKLSV EHWZHHQ )UHTXHQF\ 6HWWLQJ ,QSXWV DQG 2XWSXW )UHTXHQFLHV
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õìô9ROWDJH LQSXW õìíñ ìí(óñ ëñ èô &20021

õóìí( LV QRW SURYLGHG IRU (èíí ô

(QWHU WKH IUHTXHQF\ VHWWLQJ LQSXW VLJQDO RI í WR

è9'& õRU í WR ìí9'&ô DFURVV WKH IUHTXHQF\

VHWWLQJ LQSXW WHUPLQDOV ëðèï 7KH PD[LPXP RXWSXW

IUHTXHQF\ LV UHDFKHG ZKHQ è9 õìí9ô LV LQSXW

DFURVV WHUPLQDOV ëðèï

7KH SRZHU VXSSO\ XVHG PD\ HLWKHU EH WKH

LQYHUWHUöV EXLOWðLQ SRZHU VXSSO\ RU DQ H[WHUQDO

SRZHU VXSSO\ï )RU WKH EXLOWðLQ SRZHU VXSSO\ñ

WHUPLQDOV ìíðè SURYLGH è9'& RXWSXWñ DQG

WHUPLQDOV ìí(ðè õ1RWHô SURYLGH ìí9'& RXWSXWï

1RWHã (èíí LV QRW HTXLSSHG ZLWK WHUPLQDO ìí(ï

x )RU RSHUDWLRQ DW í WR è9'&ñ VHW 3Uï æê WR WKH í WR

è9'& LQSXWï 8VH WHUPLQDO ìí IRU WKH EXLOWðLQ SRZHU

VXSSO\ï

òè9

í WR è9
'&

ìí

ë

è

x )RU RSHUDWLRQ DW í WR ìí9'&ñ VHW 3Uï æê WR WKH í WR

ìí9'& LQSXWï 8VH WHUPLQDO ìí( õ1RWHô IRU WKH EXLOWð

LQ SRZHU VXSSO\ï

òìí9

í WR ìí9
'&

ìí( õ1RWHô

ë

è

õëô2SHUDWLRQ SDQHOöV EXLOWðLQ SRWHQWLRPHWHU (èíí

7KH SRWHQWLRPHWHU EXLOW LQ WKH RSHUDWLRQ SDQHO FDQ EH XVHG WR VHW WKH PDLQ VSHHGï ,W LV PDGH YDOLG LQ WKH

38 RSHUDWLRQ PRGHï

3Uï ìéç 6HWWLQJ )UHTXHQF\ 6HWWLQJ &RPPDQG

í õIDFWRU\ VHWWLQJô 2SHUDWLRQ SDQHOöV EXLOWðLQ SRWHQWLRPHWHU

ì 'LJLWDO IUHTXHQF\

ääää õ1RWH ìô
:KHQ GLJLWDO IUHTXHQF\ VHWWLQJ  íïíí+]ñ WKH RSHUDWLRQ SDQHOöV EXLOWðLQ SRWHQWLRPHWHU LV YDOLGï õ1RWH ëô

:KHQ GLJLWDO IUHTXHQF\ VHWWLQJ z íïíí+]ñ WKH GLJLWDO IUHTXHQF\ LV YDOLGï

1RWHã ìï :KHQ 3Uï æä  íñ WKH 38 RSHUDWLRQ PRGH LV VHOHFWHG DW SRZHUðRQï

ëï 'XULQJ RSHUDWLRQ ZLWK WKH IUHTXHQF\ VHWWLQJ IURP SRWHQWLRPHWHUñ SUHVVLQJ WKH RU NH\ VZLWFKHV WR WKH GLJLWDO

IUHTXHQF\ VHWWLQJ DQG WKH IUHTXHQF\ VHWWLQJ IURP SRWHQWLRPHWHU LV PDGH LQYDOLGï

õêô&XUUHQW LQSXW õéñ èñ $8ô &20021

7R DXWRPDWLFDOO\ SHUIRUP RSHUDWLRQ XQGHU

FRQVWDQW SUHVVXUH DQG WHPSHUDWXUH FRQWURO XVLQJ

D IDQñ SXPS HWFïñ HQWHU WKH FRQWUROOHU RXWSXW VLJQDO

RI é WR ëíP$'& WR DFURVV WHUPLQDOV éðèï

7HUPLQDOV $8 õ1RWHôð6' PXVW EH VKRUWHG WR XVH

WKH é WR ëíP$'& VLJQDO IRU RSHUDWLRQï

:KHQ WKH PXOWLðVSHHG VLJQDO LV LQSXWñ WKH FXUUHQW

LQSXW LV LJQRUHGï

1RWHã )RU (èíí ñ DVVLJQ WKH FXUUHQW LQSXW VHOHFWLRQ

VLJQDO õ$8ô WR DQ\ RI WKH LQSXW WHUPLQDOVï

é WR ëíP$ '&

6'

ìí
ë
è

é

$8 2))21
$XWRPDWLFîPDQXDO VLJQDO VZLWFKLQJ

$XWRPDWLF VLJQDO
,QYHUWHU

$FURVV
$8ð6'

2SHUDWLRQ
$XWRPDWLF

RSHUDWLRQ

é WR ëíP$

0DQXDO RSHUDWLRQ
í WR è9
õí WR ìí9ô

0DQXDO RSHUDWLRQ
)UHTXHQF\ VHWWLQJ SRWHQWLRPHWHU

0DQXDOð$XWRPDWLF 6ZLWFKLQJ
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êê

õéô$X[LOLDU\ LQSXW õìñ èô $èíí

$ FRPSHQVDWLRQ VLJQDO PD\ EH HQWHUHG WR DFURVV

WKH PDLQ VSHHG VHWWLQJ WHUPLQDO ëðè IRU

V\QFKURQRXV RSHUDWLRQñ HWFï

í WR rè9îìí9'& DFURVV DX[LOLDU\ LQSXW WHUPLQDO ìð

è

7KH IXQFWLRQ RI WHUPLQDO ì GHSHQGV RQ WKH VHWWLQJ

RI 3Uï æêñ IUHTXHQF\ FRPPDQG YROWDJH UDQJH

VHOHFWLRQñ DV IROORZVã

õDô 3Uï æê VHWWLQJ  í WR è õIDFWRU\ VHWWLQJ ìô

7KH YROWDJH DFURVV WHUPLQDOV ìðè LV DGGHG WR

WKH YROWDJH VLJQDO õSRVLWLYHô DFURVV WHUPLQDOV

ëðèï $ QHJDWLYH DGGLWLRQ UHVXOW LV UHJDUGHG DV í

DQG EULQJV WKH LQYHUWHU WR D VWRSï

õEô 3Uï æê VHWWLQJ  ìí WR ìè

7KH SRODULW\ UHYHUVLEOH RSHUDWLRQ IXQFWLRQ LV

VHOHFWHGï 7KH YROWDJH DFURVV WHUPLQDOV ìðè LV

DGGHG WR WKH YROWDJH VLJQDO õSRVLWLYHô DFURVV

WHUPLQDOV ëðèï $ SRVLWLYH DGGLWLRQ UHVXOW VWDUWV

IRUZDUG URWDWLRQ õLI WHUPLQDO 67) LV RQô DQG D

QHJDWLYH UHVXOW VWDUWV UHYHUVH URWDWLRQ õ67)

RQôï

7KH FRPSHQVDWLRQ VLJQDO RI WHUPLQDO ì PD\ DOVR

EH DGGHG WR WKH PXOWLðVSHHG VHWWLQJ RU é WR ëíP$

FXUUHQW LQSXWï
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)RUZDUG URWDWLRQ

)RUZDUG URWDWLRQ
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2XWSXW IUHTXHQF\
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WHUPLQDOV ëðè
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7HUPLQDO ì
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LV 21

5HYHUVH
URWDWLRQ )RUZDUG URWDWLRQ

5HYHUVH
URWDWLRQ )RUZDUG URWDWLRQ

õEô 3Uï æê VHWWLQJ LV ìí WR ìè

$X[LOLDU\ ,QSXW &KDUDFWHULVWLFV

ìô 0XOWLðVSHHG LQSXW FRPSHQVDWLRQ

6HWWLQJ ûìû LQ 3Uï ëåñ PXOWLðVSHHG LQSXW

FRPSHQVDWLRQ VHOHFWLRQ õIDFWRU\ VHWWLQJ  íôñ

DGGV WKH

YROWDJH RI WKH DX[LOLDU\ LQSXW WHUPLQDO ì WR WKH

PXOWLðVSHHG RSHUDWLRQ LQ 6HFWLRQ ìïéïæï

,QYHUWHU 2XWSXW $FFRUGLQJ WR 6WDUW 6LJQDO DQG $X[LOLDU\ ,QSXW 7HUPLQDO 3RODULW\

6WDUW 6LJQDO ,QSXW
3Uï æê 6HWWLQJ $GGHG &RPPDQG 9ROWDJH

67)ð6' 675ð6'

ò )RUZDUG URWDWLRQ 5HYHUVH URWDWLRQ
í WR è

ð 6WRS 6WRS

ò )RUZDUG URWDWLRQ 5HYHUVH URWDWLRQ
ìí WR ìè

ð 5HYHUVH URWDWLRQ )RUZDUG URWDWLRQ
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ëô 2YHUULGH

)RU WKH DERYH DX[LOLDU\ LQSXWñ D IL[HG

FRPSHQVDWLRQ YDOXH LV DSSOLHG WR HDFK

VSHHGï

7KH RYHUULGH IXQFWLRQ DOORZV HDFK VSHHG

WR EH HDVLO\ FKDQJHG DW D FRQVWDQW UDWHï

6HW DQ\ RI éñ èñ ìé DQG ìè LQ 3Uï æê WR

XVH WKH RYHUULGH IXQFWLRQï 7KH RYHUULGH

DOORZV WKH PXOWLSOH VSHHGV VHW LQ WKH

SDUDPHWHUVñ DQDORJ LQSXW DFURVV WHUPLQDOV ìð

èñ RU FXUUHQW LQSXW DFURVV WHUPLQDOV éðè WR

EH FKDQJHG DW D FRQVWDQW UDWH EHWZHHQ

èíø DQG ìèíø DFFRUGLQJ WR WKH H[WHUQDO

DQDORJ VLJQDO LQSXW WR DFURVV WHUPLQDOV

ëðèï

+RZ WR ILQG HDFK VSHHG õIUHTXHQF\ õIôô

D
I  ISUïu

ìíí
>+]@

ISUï ã VSHHG VHWWLQJ >+]@

0XOWLSOH VSHHGV

$QDORJ LQSXW DFURVV WHUPLQDOV ìðè

&XUUHQW LQSXW DFURVV WHUPLQDOV éðè

D ã RYHUULGH FRPSHQVDWLRQ YDOXH >ø@

õ$QDORJ LQSXW DFURVV WHUPLQDOV ëðèô

ìèíø

ìííø

èíø

í ëïè
õèô

&
R
P
S
H
Q
VD
WLR
Q
YD
OX
H
õD
ô

7HUPLQDO ëè
õìíô

2YHUULGH 6HWWLQJ 6LJQDO DQG &RPSHQVDWLRQ 9DOXH

7LPH õWô

2
X
WS
X
WI
UH
T
X
H
QF
\
õ+
]ô

+LJK VSHHG

0LGGOH VSHHG

/RZ VSHHG

&RPSHQVDWLRQ UDQJH
E\ RYHUULGH

2YHUULGH 2SHUDWLRQ IRU 0XOWLSOH 6SHHGV

67)

675

6'

5+

50

5/

ìí

ë

è

1)%

,0
3RZHU
VXSSO\

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

6SHHG
VHOHFWLRQ

,QYHUWHU

0RWRU &RQYH\RU

2YHUULGH
VHWWLQJ VLJQDO

2YHUULGH &RQQHFWLRQ ([DPSOH

êô é WR ëíP$ FXUUHQW LQSXW FRPSHQVDWLRQ

:KHQ WKH FXUUHQW LQSXW VHOHFW WHUPLQDO $8ð6'

DUH VKRUWHGñ WKH FXUUHQW LQSXW RI é WR ëíP$'&

DFURVV IUHTXHQF\ VHWWLQJ õFXUUHQW LQSXWô

WHUPLQDOV éðè KDV SUHFHGHQFH RYHU WKH YROWDJH

LQSXW DFURVV IUHTXHQF\ VHWWLQJ õYROWDJH VLJQDOô

WHUPLQDOV ëðèñ EXW WKH YROWDJH VLJQDO DFURVV WKH

DX[LOLDU\ IUHTXHQF\ VHWWLQJ LQSXW WHUPLQDO ìðè LV

DGGHG WR WKH FXUUHQW LQSXW DFURVV WHUPLQDOV éðèï



63(&,),&$7,216

êè

ìïéïæ ([WHUQDO IUHTXHQF\ VHOHFWLRQ õ5(;ñ 5+ñ 50ñ 5/ô &20021

8S WR ìè VSHHGV PD\ EH VHOHFWHG DFFRUGLQJ WR WKH

FRPELQDWLRQ RI FRQQHFWLQJ WKH PXOWLðVSHHG VHOHFW

WHUPLQDOV 5(; õ1RWH ìôñ 5+ñ 50 DQG 5/ð6'ñ DQG

PXOWLðVSHHG RSHUDWLRQ FDQ EH SHUIRUPHG DV VKRZQ

EHORZ E\ VKRUWLQJ WKH VWDUW VLJQDO WHUPLQDO 67)

õ675ôð6'ï

6SHHGV õIUHTXHQFLHVô PD\ EH VSHFLILHG RSWLRQDOO\

IURP WKH RSHUDWLRQ SDQHO RU SDUDPHWHU XQLW DV

LQGLFDWHG LQ WKH WDEOHï

1RWHã ìï $VVLJQ WKH ìèðVSHHG VHOHFW VLJQDO õ5(;ô WR

DQ\ RI WKH LQSXW WHUPLQDOVï

ëï (DFK RI WKH PXOWLSOH VSHHGV PD\ EH

FRPSHQVDWHG IRU E\ WKH H[WHUQDO DQDORJ

VLJQDOï õ5HIHU WR 6HFWLRQ ìïéïç õéôïô

êï +DV SUHFHGHQFH RYHU WKH PDLQ VSHHG

VHWWLQJ VLJQDO õí WR è9ñ í WR ìí9ñ é WR ëíP$

'&ôï

21

21 21 21 21

21 21

212121

21

5+

50

5/

5(;

6SHHG ë
õPLGGOH VSHHGô

6SHHG è

6SHHG ç

6SHHG æ

7LPH2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

6SHHG ì
õKLJK VSHHGô

6SHHG ê
õORZ VSHHGô

6SHHG é

2121 21 21 21 21 21 21

21 21 21 21

21 21 21 21

21 21 21 21
5+

50

5/

5(;

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

6SHHG ä

6SHHG ìí
6SHHG ìì

6SHHG ìë

6SHHG ìê

6SHHG ìé

6SHHG ìè

7LPH

6SHHG å

0XOWLð6SHHG 6HWWLQJ

7HUPLQDO ,QSXW
6SHHG

5(;ð6' 5+ð6' 50ð6' 5/ð6'

)XQFWLRQ

1XPEHU

6HW )UHTXHQF\

5DQJH
5HPDUNV

6SHHG ì

õKLJK VSHHGô
2)) 21 2)) 2)) 3Uï é í WR éíí+]

6SHHG ë

õPLGGOH VSHHGô
2)) 2)) 21 2)) 3Uï è í WR éíí+]

6SHHG ê

õORZ VSHHGô
2)) 2)) 2)) 21 3Uï ç í WR éíí+]

6SHHG é 2)) 2)) 21 21 3Uï ëé í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëé  ääää

6SHHG è 2)) 21 2)) 21 3Uï ëè í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëè  ääää

6SHHG ç 2)) 21 21 2)) 3Uï ëç í WR éíí+]ñääää 3Uï è VHWWLQJ ZKHQ 3Uï ëç  ääää

6SHHG æ 2)) 21 21 21 3Uï ëæ í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëæ  ääää

6SHHG å 21 2)) 2)) 2)) 3Uï ëêë í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëêë  ääää

6SHHG ä 21 2)) 2)) 21 3Uï ëêê í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëêê  ääää

6SHHG ìí 21 2)) 21 2)) 3Uï ëêé í WR éíí+]ñääää 3Uï è VHWWLQJ ZKHQ 3Uï ëêé  ääää

6SHHG ìì 21 2)) 21 21 3Uï ëêè í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëêè  ääää

6SHHG ìë 21 21 2)) 2)) 3Uï ëêç í WR éíí+]ñääää 3Uï é VHWWLQJ ZKHQ 3Uï ëêç  ääää

6SHHG ìê 21 21 2)) 21 3Uï ëêæ í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëêæ  ääää

6SHHG ìé 21 21 21 2)) 3Uï ëêå í WR éíí+]ñääää 3Uï è VHWWLQJ ZKHQ 3Uï ëêå  ääää

6SHHG ìè 21 21 21 21 3Uï ëêä í WR éíí+]ñääää 3Uï ç VHWWLQJ ZKHQ 3Uï ëêä  ääää

([WHUQDO

VHWWLQJ
2)) 2)) 2)) 2))

)UHTXHQF\

VHWWLQJ

SRWHQWLRPHWHU

í WR PD[LPXP

VHWWLQJ
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3RZHU
VXSSO\

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

0XOWLðVSHHG
VHOHFWLRQ

,QYHUWHU 0RWRU

õ1RWHô
)UHTXHQF\
VHWWLQJ
SRWHQWLRPHWHU

0XOWLð6SHHG 2SHUDWLRQ &RQQHFWLRQ ([DPSOH

1RWHã :KHQ WKH IUHTXHQF\ VHWWLQJ SRWHQWLRPHWHU LV

FRQQHFWHGñ WKH LQSXW VLJQDO RI WKH IUHTXHQF\

VHWWLQJ SRWHQWLRPHWHU LV LJQRUHG LI WKH

PXOWLðVSHHG VHOHFW VLJQDO LV VZLWFKHG RQï õ7KLV

DOVR DSSOLHV WR WKH é WR ëíP$ LQSXW VLJQDOïô

)RXUð6SHHG 6HWWLQJ ([DPSOH

7HUPLQDO ,QSXW
6SHHG

)XQFWLRQ

1XPEHU
6HW 9DOXH

5(;ð6' 5+ð6' 50ð6' 5/ð6'

5XQQLQJ

)UHTXHQF\

õ+]ô

6SHHG ì

õKLJK VSHHGô
3Uï é çí 2)) 21 2)) 2)) çí

6SHHG ë

õPLGGOH VSHHGô
3Uï è êí 2)) 2)) 21 2)) êí

6SHHG ê

õORZ VSHHGô
3Uï ç ìí 2)) 2)) 2)) 21 ìí

6SHHG é 3Uï ëé ìè 2)) 2)) 21 21 ìè

6SHHG è 3Uï ëè ääää 2)) 21 2)) 21 ìí

6SHHG ç 3Uï ëç ääää 2)) 21 21 2)) êí

6SHHG æ 3Uï ëæ ääää 2)) 21 21 21 ìí

6SHHG å 3Uï ëêë ääää 21 2)) 2)) 2)) ìí

6SHHG ä 3Uï ëêê ääää 21 2)) 2)) 21 ìí

6SHHG ìí 3Uï ëêé ääää 21 2)) 21 2)) êí

6SHHG ìì 3Uï ëêè ääää 21 2)) 21 21 ìí

6SHHG ìë 3Uï ëêç ääää 21 21 2)) 2)) çí

6SHHG ìê 3Uï ëêæ ääää 21 21 2)) 21 ìí

6SHHG ìé 3Uï ëêå ääää 21 21 21 2)) êí

6SHHG ìè 3Uï ëêä ääää 21 21 21 21 ìí
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êæ

ìïéïå -RJ RSHUDWLRQ õ-2*óô &20021

õó-2* LV QRW SURYLGHG IRU (èíí ô

õìô-RJ RSHUDWLRQ XVLQJ H[WHUQDO VLJQDOV $èíí

-RJ RSHUDWLRQ FDQ EH VWDUWHGîVWRSSHG E\ VKRUWLQJ

WKH MRJ PRGH VHOHFW WHUPLQDO -2*ð6' DQG

VKRUWLQJîRSHQLQJ WKH VWDUW VLJQDO WHUPLQDO 67) RU

675ð6'ï 7KH MRJ IUHTXHQF\ DQG MRJ DFFHOHUDWLRQî

GHFHOHUDWLRQ WLPH DUH VHW LQ 3Uï ìè õIDFWRU\ VHWWLQJ

è+]ñ YDULDEOH EHWZHHQ í DQG éíí+]ô DQG 3Uï ìç

õIDFWRU\ VHWWLQJ íïè VHFRQGVñ YDULDEOH EHWZHHQ í

DQG êçíí VHFRQGVôñ UHVSHFWLYHO\ñ DQG WKHLU

VHWWLQJV FDQ EH FKDQJHG IURP WKH RSHUDWLRQ SDQHO

RU SDUDPHWHU XQLWï

õëô -RJ RSHUDWLRQ XVLQJ RSHUDWLRQ SDQHO RU SDUDPHWHU

XQLW &20021

$OVRñ WKH 38 RSHUDWLRQ PRGH RI WKH RSHUDWLRQ

SDQHO RU SDUDPHWHU XQLW PD\ EH XVHG WR SHUIRUP

MRJ RSHUDWLRQï

,Q WKLV FDVHñ WKH MRJ IUHTXHQF\ LV VHW LQ 3Uï ìè DQG

MRJ DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH LQ 3Uï ìç DQG

WKH IRUZDUG DQG UHYHUVH URWDWLRQ NH\V DUH XVHG WR

SHUIRUP MRJ RSHUDWLRQï

,Q WKH MRJ RSHUDWLRQ PRGHñ PXOWLðVSHHG FRPSHQVDWLRQ

DQG SRODULW\ UHYHUVLEOH RSHUDWLRQ DUH PDGH LQYDOLGï

íïè+]
ê+]

7LPH õWô

21

2
XW
SX
WI
UH
TX
HQ
F\

-RJ IUHTXHQF\ 3Uï ìè

)RUZDUG
URWDWLRQ

'& G\QDPLF EUDNH

5HYHUVH
URWDWLRQ

$FURVV -2*ð6'

)RUZDUG URWDWLRQ
$FURVV 67)ð6'

5HYHUVH URWDWLRQ
$FURVV 675ð6'

21

21

-RJ 2SHUDWLRQ 7LPLQJ &KDUW

ìïéïä ([WHUQDO WKHUPDO UHOD\ LQSXW õ2+ô &20021

:KHQ WKH H[WHUQDO WKHUPDO UHOD\ RU WKHUPDO UHOD\ EXLOW

LQ WKH PRWRU LV DFWXDWHGñ WKH LQYHUWHU RXWSXW LV VKXW

RII DQG DQ DODUP VLJQDO LV JLYHQ WR NHHS WKH PRWRU

VWRSSHG LQ RUGHU WR SURWHFW WKH PRWRU IURP

RYHUKHDWLQJï ,I WKH WKHUPDO UHOD\ FRQWDFW LV UHVHWñ WKH

PRWRU LV QRW UHVWDUWHG XQOHVV WKH UHVHW WHUPLQDO 5(6ð

6' DUH VKRUWHG IRU PRUH WKDQ íïì VHFRQG DQG WKHQ

RSHQHG RU SRZHUðRQ UHVHW LV SHUIRUPHGï

7KH IXQFWLRQ PD\ WKHUHIRUH EH XVHG DV DQ H[WHUQDO

HPHUJHQF\ VWRS VLJQDO LQSXWï

1RWHã $VVLJQ WKH H[WHUQDO WKHUPDO UHOD\ LQSXW VLJQDO

õ2+ô WR DQ\ RI WKH LQSXW VLJQDOVï

8
9
:
2+
6'

,0

,QYHUWHU
7KHUPDO UHOD\

0RWRU

([WHUQDO 7KHUPDO 5HOD\ ,QSXW &RQQHFWLRQ ([DPSOH
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êå

ìïéïìí 6HFRQG DQG WKLUG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHOHFWLRQ
õ57ñ ;äóô &20021

õó;ä LV QRW SURYLGHG IRU (èíí ô

7KH VHFRQG DQG WKLUG DFFHOHUDWLRQîGHFHOHUDWLRQ

IXQFWLRQV PD\ EH XVHG WRã

ìô 6ZLWFK EHWZHHQ RUGLQDU\ XVH DQG HPHUJHQF\ XVHâ

ëô 6ZLWFK EHWZHHQ KHDY\ ORDG DQG OLJKW ORDGâ

êô &KDQJH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH DFFRUGLQJ

WR SRO\JRQDO SDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQâ

éô 6ZLWFK EHWZHHQ WKH PDLQ PRWRU DQG VXE PRWRU

FKDUDFWHULVWLFVâ DQG

èô 6ZLWFK EHWZHHQ WKH LQWHOOLJHQW IXQFWLRQV õ1RWH ìô

õUHIHU WR 6HFWLRQ ìïçïëíôï

7KH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPHñ WRUTXH ERRVW DQG

EDVH IUHTXHQF\ GHSHQG RQ WKH VWDWH DFURVV WHUPLQDOV

57 õ;äôð6' DV IROORZVã

õìô:KHQ WHUPLQDOV 57 õ;äôð6' DUH RSHQñ DFFHOHUDWLRQ

LV PDGH DW DQ RSHUDWLRQ VWDUW DFFRUGLQJ WR WKH

DFFHOHUDWLRQ WLPH VHW LQ 3Uï æ DQG GHFHOHUDWLRQ LV

PDGH DFFRUGLQJ WR WKH GHFHOHUDWLRQ WLPH VHW LQ

3Uï åï

)RU WKH WRUTXH ERRVW DQG EDVH IUHTXHQF\ñ

RSHUDWLRQ LV SHUIRUPHG DW WKH YDOXHV VHW LQ 3Uï í

DQG 3Uï êñ UHVSHFWLYHO\ï

õëô:KHQ WHUPLQDOV 57 õ;äôð6' DUH VKRUWHGñ

DFFHOHUDWLRQîGHFHOHUDWLRQ LV PDGH DFFRUGLQJ WR

WKH WLPH GLIIHUHQW IURP WKH DFFHOHUDWLRQîGHFHOHUDWLRQ

WLPH LQ SDUDJUDSK õìôï 7KLV WLPH LV DV VHW LQ 3Uï éé

õ3Uïììíô RU 3Uï éè

õ 3Uï ìììôï

7KH WRUTXH ERRVW DQG EDVH IUHTXHQF\ XVH WKH

YDOXHV VHW LQ WKH VHFRQG õWKLUGô WRUTXH ERRVW 3Uï

éç õ 3Uï ììëô DQG WKH VHFRQG õWKLUGô 9î) 3Uï éæ

õ 3Uï ììêôñ UHVSHFWLYHO\ï

õêô)RU (èíí ñ WKH YDOXH RI WKH HOHFWURQLF RYHUFXUUHQW

SURWHFWLRQ FDQ DOVR EH FKDQJHGï 7KH YDOXH LV DV VHW

LQ 3Uï éå ZKHQ WHUPLQDOV 57ð6' DUH VKRUWHGñ DQG LV

DV VHW LQ 3Uï ä ZKHQ WHUPLQDOV 57ð6' DUH RSHQHGï

� :KHQ WKH VHFRQG õWKLUGô GHFHOHUDWLRQ WLPH VHW

LQ 3Uï éè õ 3Uï ìììô LV ääää

7KH DFFHOHUDWLRQ WLPH DQG GHFHOHUDWLRQ WLPH DUH

HTXDO DQG DV VHW LQ WKH VHFRQG õWKLUGô

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH 3Uï éé 3Uï ììíôï

� :KHQ WKH VHFRQG õWKLUGô GHFHOHUDWLRQ WLPH VHW

LQ 3Uï éè õ 3Uï ìììô LV EHWZHHQ í DQG êçíí V

7KH DFFHOHUDWLRQ WLPH LV DV VHW LQ 3Uï éé

õ 3Uï ììíô DQG GHFHOHUDWLRQ WLPH LV DV VHW LQ

3Uï éè õ 3Uï ìììôï

� :KHQ WKH VHFRQG õWKLUGô WRUTXH ERRVW VHW LQ

3Uï éç õ 3Uï ììëô LV ääää

7KH WRUTXH ERRVW YDOXH LV DV VHW LQ 3Uï í ZKHQ

WHUPLQDOV 57 õ;äôð6' DUH HLWKHU RSHQ RU VKRUWHGï

� :KHQ WKH VHFRQG õWKLUGô 9î) õEDVH IUHTXHQF\ô

VHW LQ 3Uï éæ õ 3Uï ììêô LV ääää

7KH EDVH IUHTXHQF\ LV DV VHW LQ 3Uï ê ZKHQ

WHUPLQDOV 57 õ;äôð6' DUH HLWKHU RSHQ RU VKRUWHGï

� :KHQ WKH VHFRQG HOHFWURQLF RYHUFXUUHQW

SURWHFWLRQ VHW LQ 3Uï éå LV ääää IRU (èíí

7KH HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ YDOXH LV

DV VHW LQ 3Uï ä ZKHQ WHUPLQDOV 57 õ;äôð6' DUH

HLWKHU RSHQ RU VKRUWHGï

1RWHã ìï 1RW SURYLGHG IRU (èíí ï

ëï )RU (èíí ñ DVVLJQ WKH VHFRQG IXQFWLRQ

VHOHFWLRQ VLJQDO õ57ô WR DQ\ RI WKH LQSXW

WHUPLQDOVï

êï )RU $èíí ñ DVVLJQ WKH WKLUG IXQFWLRQ VHOHFWLRQ

VLJQDO õ;äô WR DQ\ RI WKH LQSXW WHUPLQDOVï

67)õ675ô

57

6'

6WDUW

6HFRQG DFFHOï
îGHFHOï

,QYHUWHU

íïè+]
ê+]
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21

21 21
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WI
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TX
HQ
F\

$FURVV 67)
õ675ôð6'

$FURVV 57ð6'

6WDUWLQJ
IUHTXHQF\
3Uï ìê

$FFHOHUDWLRQ WLPH
3Uï æ

6HFRQG
DFFHOHUDWLRQ
WLPH
3Uï éé

'HFHOHUDWLRQ WLPH
3Uï å

:KHQ '& G\QDPLF
EUDNH LV HQDEOHG

6HFRQG GHFHOHUDWLRQ WLPH
3Uï éé RU 3Uï éè

6HFRQG $FFHOHUDWLRQî'HFHOHUDWLRQ

&RQQHFWLRQ ([DPSOH

([DPSOH RI 8VLQJ 6HFRQG $FFHOHUDWLRQî'HFHOHUDWLRQ
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êä

)RU $èíí ñ WKH 57 VLJQDO DFWLYDWHG FRQGLWLRQ FDQ EH VHW LQ 3Uï ìèèï

3DUDPHWHU

1XPEHU
)XQFWLRQ 1DPH

6HWWLQJ

5DQJH
6HWWLQJ 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í
0DGH YDOLG LPPHGLDWHO\ E\ VZLWFKLQJ WKH 57

VLJQDO RQðRIIï
{

ìèè 57 VLJQDO DFWLYDWHG FRQGLWLRQ VHOHFWLRQ íñ ìí

ìí

0DGH YDOLG RQO\ ZKHQ WKH 57 VLJQDO LV RQ DW

FRQVWDQW VSHHGï

õ,QYDOLG GXULQJ DFFHOHUDWLRQîGHFHOHUDWLRQô

�

)RU (èíí ñ WKH IXQFWLRQ LV PDGH YDOLG LPPHGLDWHO\ E\ VZLWFKLQJ WKH 57 VLJQDO RQðRIIï

ìïéïìì ,QYHUWHU RXWSXW VWRS õ056ô &20021

6KRUW WKH RXWSXW VWRS WHUPLQDO 056ð6' GXULQJ

LQYHUWHU RXWSXW WR FDXVH WKH LQYHUWHU WR LPPHGLDWHO\

VWRS WKH RXWSXWï 2SHQ WHUPLQDOV 056ð6' WR UHVXPH

RSHUDWLRQ LQ DERXW ìíPVï 7HUPLQDO 056 PD\ EH

XVHG DV GHVFULEHG EHORZã

õìô7R VWRS WKH PRWRU E\ PHFKDQLFDO EUDNH õHïJï

HOHFWURPDJQHWLF EUDNHô

7HUPLQDOV 056ð6' PXVW EH VKRUWHG ZKHQ WKH

PHFKDQLFDO EUDNH LV RSHUDWHG DQG EH RSHQHG

EHIRUH PRWRU UHVWDUWï

õëô7R SURYLGH LQWHUORFN WR GLVDEOH RSHUDWLRQ E\ WKH

LQYHUWHU

$IWHU 056ð6' KDYH EHHQ VKRUWHGñ WKH LQYHUWHU

FDQQRW EH RSHUDWHG LI WKH VWDUW VLJQDO LV JLYHQ WR

WKH LQYHUWHUï

õêô7R FRDVW WKH PRWRU WR VWRS

2UGLQDULO\ñ WKH PRWRU LV GHFHOHUDWHG DFFRUGLQJ WR

WKH SUHVHW GHFHOHUDWLRQ WLPH DQG LV VWRSSHG E\

RSHUDWLQJ WKH '& G\QDPLF EUDNH DW ê+] RU OHVVï

%\ XVLQJ WHUPLQDO 056ñ WKH PRWRU LV FRDVWHG WR D

VWRSï

íïè+]

21

21

2
XW
SX
WI
UH
TX
HQ
F\

0RWRU FRDVWHG
WR VWRS

$SSUR[ï
ìíPV

$FURVV 056ð6'

$FURVV 67)
õ675ôð6'

2XWSXW 6WRS 7LPLQJ &KDUW
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éí

ìïéïìë 5HVHW VLJQDO õ5(6ô &RPPRQ

8VHG WR UHVHW WKH DODUP VWRS VWDWH HVWDEOLVKHG E\ WKH

LQYHUWHUöV SURWHFWLYH IXQFWLRQ DFWLYDWHGï 7KH UHVHW

VLJQDO LPPHGLDWHO\ VHWV WKH FRQWURO FLUFXLW WR WKH LQLWLDO

õFROGô VDWHñ HïJï LQLWLDOL]HV WKH HOHFWURQLF RYHUFXUUHQW

SURWHFWLRQ DQG EXLOWðLQ EUDNH UHVLVWRU RYHUKHDW

SURWHFWLRQ FLUFXLWï ,W VKXWV RII WKH LQYHUWHU RXWSXW DW

WKH VDPH WLPHï 'XULQJ UHVHWñ WKH LQYHUWHU RXWSXW LV

NHSW VKXW RIIï 7R JLYH WKLV UHVHW LQSXWñ VKRUW WHUPLQDOV

5(6ð6' IRU PRUH WKDQ íïì Vï :KHQ WKH VKRUWLQJ WLPH

LV ORQJñ WKH RSHUDWLRQ SDQHO RU SDUDPHWHU XQLW

GLVSOD\V WKH LQLWLDO VFUHHQñ ZKLFK LV QRW D IDXOWï

2SHUDWLRQ LV HQDEOHG ZLWKLQ íïë V DIWHU WHUPLQDOV

5(6ð6' DUH RSHQHGï

7KH UHVHW WHUPLQDO LV XVHG WR UHVHW WKH LQYHUWHU DODUP

VWRS VWDWHï ,I WKH UHVHW WHUPLQDO LV VKRUWHGñ WKHQ

RSHQHG ZKLOH WKH LQYHUWHU LV UXQQLQJñ WKH PRWRU PD\

EH UHVWDUWHG GXULQJ FRDVWLQJ õUHIHU WR WKH WLPLQJ FKDUW

EHORZô DQG WKH RXWSXW PD\ EH VKXW RII GXH WR

RYHUYROWDJHï

1RWHã )UHTXHQW UHVHWWLQJ ZLOO PDNH WKH HOHFWURQLF

RYHUFXUUHQW SURWHFWLRQ DQG EUDNH UHVLVWRU

RYHUKHDW SURWHFWLRQ LQYDOLGï

6HWWLQJ DQ\ RI ìñ êñ ìè DQG ìæ LQ UHVHW VHOHFWLRQ

3Uï æè DOORZV WKH DFFLGHQWDO LQSXW RI WKH UHVHW VLJQDO

GXULQJ RSHUDWLRQ WR EH XQDFFHSWHGï

6HWWLQJ RI 5HVHW ,QSXW 6HOHFWLRQ 3Uï æè

3Uï æè 6HWWLQJ 5HVHW 6HOHFWLRQ 38 'LVFRQQHFWLRQ 'HWHFWLRQ 38 6WRS 6HOHFWLRQ

í 5HVHW LQSXW QRUPDOO\ HQDEOHG

ì
5HVHW LQSXW LV HQDEOHG RQO\ ZKHQ

SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

2SHUDWLRQ LV FRQWLQXHG XQFKDQJHG

LI WKH 38 LV UHPRYHGï

ë 5HVHW LQSXW QRUPDOO\ HQDEOHG

ê
5HVHW LQSXW LV HQDEOHG RQO\ ZKHQ

SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

:KHQ WKH 38 LV UHPRYHGñ WKH 38

GLVSOD\V HUURU DQG WKH LQYHUWHU

RXWSXW LV VKXW RIIï

2QO\ LQ WKH 38 RSHUDWLRQ

PRGHñ WKH PRWRU LV

GHFHOHUDWHG WR D VWRS ZKHQ

WKH >6723@ NH\ LV SUHVVHGï

ìé 5HVHW LQSXW QRUPDOO\ HQDEOHG

ìè
5HVHW LQSXW LV HQDEOHG RQO\ ZKHQ

SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

2SHUDWLRQ LV FRQWLQXHG XQFKDQJHG

LI WKH 38 LV UHPRYHGï

ìç 5HVHW LQSXW QRUPDOO\ HQDEOHG

ìæ
5HVHW LQSXW LV HQDEOHG RQO\ ZKHQ

SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

:KHQ WKH 38 LV UHPRYHGñ WKH 38

GLVSOD\V HUURU DQG WKH LQYHUWHU

RXWSXW LV VKXW RIIï

,Q DQ\ RI WKH 38ñ H[WHUQDO

DQG FRPPXQLFDWLRQ

RSHUDWLRQ PRGHVñ WKH PRWRU

LV GHFHOHUDWHG WR D VWRS

ZKHQ WKH >6723@ NH\ LV

SUHVVHGï

21

21

21

7

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

$FURVV 5(6ð6'

$FURVV 67) õ675ôð6'

&RDVWLQJ

2UGLQDU\ DFFHOHUDWLRQ

&RDVWLQJ WLPH

$SSUR[ï íïëV

7ã 6KRXOG EH ORQJHU WKDQ WKH WLPH RI FRDVWLQJ WR VWRSï

:KHQ PRWRU LV UHVWDUWHG
GXULQJ FRDVWLQJñ LQYHUWHU
DFWLYDWHV FXUUHQW
OLPLW WR VWDUW DFFHOHUDWLRQï

&RDVWLQJ WR VWRS
õ,QGLFDWHV PRWRU VSHHGô

$SSUR[ï íïëV

5HVHW ,QSXW 7LPLQJ &KDUW GXULQJ 1RUPDO 2SHUDWLRQ
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1.4.13 Automatic restart after instantaneous power failure selection
(CS*) COMMON

(*CS is not provided for E500  )

This function allows the motor to be restarted
automatically when power is restored after an
instantaneous power failure. (For more information,
refer to Section 1.6.19.)
(1) With frequency search A500

Detecting the speed of the coasting motor during
power restoration, this function allows the motor
to smoothly return to its original speed.
1) To disable automatic restart after

instantaneous power failure
Set 9999 (factory setting) in Pr. 57 (reset time
for automatic restart after instantaneous power
failure) to disable automatic restart after
instantaneous power failure.

2) To enable automatic restart after instantaneous
power failure
Change 9999 (factory setting) in Pr. 57 to 0
and change the Pr. 162 value to 0 (factory
setting). By shorting terminals CS-SD, the
motor, if it is coasting, restarts automatically at
the time of power restoration after
instantaneous power failure. Note that if the
time to restore the power is longer than the

coasting-to-stop time, the motor is restarted
after it has stopped once.
When the function of automatic restart after
instantaneous power failure has been selected,
power-related alarm outputs (instantaneous
power failure (E.IPF) and undervoltage
(E.UVT)) are not provided if an instantaneous
power failure occurs. Note that the inverter
cannot be operated when terminals CS-SD are
open.

3) When you do not use the function of automatic
restart after instantaneous power failure
In this case, the motor speed is not detected
for smooth restart but the current limit function
is utilized for restart. Depending on the
magnitude (load inertia, etc.) of the load,
acceleration may be made after the motor
speed has significantly reduced. If the load
inertia is extremely large, the protective circuit
may be activated (E.OV1 to E.OV3 or E.THT).
Action taken for E.OVT
� Increase the value set in Pr. 22.

15ms

Instantaneous power failure time

Power supply (R, S, T)

Motor speed
N (r/min)

Inverter output
frequency
f (Hz)

[Coasting time] + [speed detection time]

Cushion voltage time (value set in Pr. 58)

Ordinary acceleration time (ramp set in Pr. 7)

Pr. 57 setting

Inverter output
voltage
E (V)

Timing Chart for Restart with Frequency Search
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(2)Without frequency search COMMON

This function allows the motor to restart at the
time of power restoration at the frequency before
the occurrence of an instantaneous power failure
and return to its original speed.
1) To disable automatic restart after instantaneous

power failure
Set 9999 (factory setting) in
Pr. 57 (reset time for automatic restart after

instantan-eous power failure) to disable
automatic restart after instantaneous power
failure.

2) To enable automatic restart after instantaneous
power failure
Change 9999 (factory setting) in Pr. 57 to 0. For
A500 , further change the Pr. 162 value to 1.

If power is restored while control power
remains, the motor restarts at the frequency
before the occurrence of an instantaneous
power failure.

If control power is lost during a long instantan-
eous power failure, the operation of automatic
restart after instantaneous power failure is not
performed at the time of power restoration and
the motor starts at the starting frequency. In
this case, the operation performed is as
described in paragraph

3) When you do not use the function of automatic
restart after instantaneous power failure
In this case, the motor speed is not detected
for smooth restart but the current limit function
is utilized for restart. Depending on the
magnitude (load inertia etc.) of the load,
acceleration may be made after the motor
speed has significantly reduced. If the load
inertia is extremely large, the protective circuit
may be activated (E.OV1 to E.OV3 or E.THT).
Action taken for E.OVT
⋅ Increase the value set in Pr. 22.

10ms

Instantaneous power failure time

Power supply (R, S, T)

Motor speed
N (r/min)

Inverter output
frequency
f (Hz)

Inverter output
voltage
E (V)

Coasting time

Pr. 57 setting

Cushion voltage time
Pr. 58 setting

Timing Chart for Restart without Frequency Search
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1.4.14 High power factor converter connection (X10*, X11*) COMMON

(*X10 and X11 are not provided for E500  )

Used with the inverter in accordance with the
Japanese harmonic suppression guidelines issued
by the Ministry of International Trade and Industries,
the high power factor converter (FR-HC) is an
optional high power factor inverter unit designed to
suppress harmonics to the input power supply.
For E500 , set "0" in Pr. 30 and make connections
as shown below.
For A500 , set "2" in Pr. 30 and make connections
as shown below.
Terminal MRS may be used when the FR-HC

connection (inverter operation enable) signal (X10)
(Note) is not used. Also, when the computer link
inboard option (FR-A5NR) is used and the setting is
made to hold the mode at the time of an
instantaneous power failure, holding operation is
performed by the FR-HC connection (instantaneous
power failure detection) signal (X11).
Note: Allocate the FR-HC connection signals (X10,

X11) to any of the input terminals.

NFB MC

MC1

MC2

R

S

T

R2

S2

T2

R3

S3

T3

R3

S3

T3

R4

S4

T4

R4

S4

T4

MC1

MC2

P

N

P (+)

N (−)

R (L1)
S (L2)
T (L3)

RDY

RSO
SER

S
T
R1
S1

R1 (L11)
S1 (L21)

RES
SD

U

V

W

R2

S2

T2

MC

External box
(FR-HCB)

High power factor converter
(FR-HC)

Reactor 1
(FR-HCL01)

Filter capacitor

Power
supply Motor

Resistor

(Note 3)

(Note 1)

(Note 2)

Reactor 2
(FR-HCL02)

Resistor

Inverter
(Note 1)

Note: 1. Always keep the inverter's power input terminals R, S, T open.
              If connections are made to them accidentally, the inverter will be damaged. Also, reverse 
              polarity of terminals P and N will damage the high power factor converter and inverter.
          2. For              , separate power may be supplied to terminals R1 and S1.
          3. Make no connections to the terminals R1 and S1 of the high power factor converter.

A500

MRS
X10A500

E500

High Power Factor Converter Connection and Wiring Example

Having a power return function, the high power factor
converter returns power in the regenerative mode.
For A500  7.5K or less, the brake circuit built in the
inverter is not activated.
Undervoltage and instantaneous power failure are
detected by the high power factor converter. When
the protective function of the high power factor
converter is activated, the inverter operation enable
signal shuts off the inverter output. The undervoltage
and instantaneous power failure protective functions
of the inverter itself are made invalid.

When you need automatic restart after instantaneous
power failure, choose automatic restart after
instantaneous power failure in the inverter and also
set the parameter to activate automatic restart after
instantaneous power failure in the high power factor
converter. The inverter restarts in accordance with
the automatic restart after instantaneous power
failure of the high power factor converter.
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1.4.15 24VDC and external transistor common (PC) COMMON

When the transistor output (open collector) of a
programmable controller (PC) having an external
power supply is input to the inverter, supply external
interface power to prevent a malfunction from
occurring due to leakage current as shown on the
right.
Making connections as shown on the right supplies
external power to the photocoupler in the inverter as
indicted by the dotted lines. Since terminal SD is not
connected, no power is supplied to the photocoupler
from the control power supply of the inverter.
Also, terminals PC-SD may be used as a 24VDC
0.1A power output. When using terminals PC-SD as
a 24VDC power supply, a malfunction due to
leakage current cannot be prevented.

DC12/24V

Y00

0V

SD

STF

PC

Photocoupler

PC

External
power
supply for
MELSEC

Inverter

Photocoupler

Inverter control
power supply

Terminal PC Connection Example

When terminal PC is not used
When the control power supply voltage in the inverter connected with the output module (open collector
output) of the programmable controller has become higher than the external power supply voltage of the
PC as shown below, a current indicated by the dotted lines flows if the transistor of the PC is not on,
accidentally giving the inverter a command signal.
• Measures

(1) Insert a diode to prevent leakage current.
(2)Use an all-point independent type output module (such as AY40A).

DC12/24V

Y00

0V

STF

SD

Photocoupler

PC MELSEC-A

Diode provided
as measures

External
power
supply for
MELSEC

Photocoupler

Inverter control
power supply
(+24V)

Inverter

Connection Example without Terminal PC Being Used
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1.4.16 Output signals (RUN, SU, IPF, OL, FU, A, B, C) COMMON

(1)Output terminal function assignment COMMON

The inverter has output terminals whose functions can be changed by parameter setting.
1) A500

When Pr. 76 = 0 (factory setting), terminals RUN, SU, IPF, OL, FU, A, B and C are assigned functions by
Pr. 190 to Pr. 195 respectively.

Parameter

Number
Function Name Setting Range Factory Setting

190 RUN terminal function selection 0 to 199, 9999 0 (inverter running (RUN))

191 SU terminal function selection 0 to 199, 9999 1 (up to frequency (SU))

192 IPF terminal function selection 0 to 199, 9999 2 (instantaneous power failure/undervoltage (IPF))

193 OL terminal function selection 0 to 199, 9999 3 (overload alarm (OL))

194 FU terminal function selection 0 to 199, 9999 4 (output frequency detection (FU))

195 ABC terminal function selection 0 to 199, 9999 99 (alarm output (ABC))

Setting

Positive

logic

Negative

logic

Signal

Name
Function Operation

Related

Parameters

0 100 RUN Inverter running
Output during operation when the inverter output

frequency rises to or above the starting frequency.


1 101 SU Up to frequency Refer to Pr. 41 "up-to-frequency sensitivity". Pr. 41

2 102 IPF
Instantaneous power

failure or undervoltage

Output at occurrence of an instantaneous power failure or

undervoltage.


3 103 OL Overload alarm Output while stall prevention function is activated.
Pr. 22, 23, 66,

148, 149, 154

4 104 FU
Output frequency

detection
Refer to Pr. 42 Pr. 43 (output frequency detection). Pr. 42, 43

5 105 FU2
Second output

frequency detection
Refer to Pr. 50 "second output frequency detection". Pr. 50

6 106 FU3
Third output

frequency detection
Refer to Pr. 116 "third output frequency detection". Pr. 116

7 107 RBP
Regenerative brake

pre-alarm

Output when 85% of the regenerative brake duty set in

Pr. 70 is reached.
Pr. 70

8 108 THP
Electronic overcurrent

protection prealarm

Output when the electronic overcurrent protection

cumulative value reaches 85% of the preset level.
Pr. 9

9 109 PRG Program mode Output in the program mode. Pr. 79, 200 to 231

10 110 PU PU operation mode Output when the PU operation mode is selected. Pr. 17 = 0 to 3

11 111 RY
Inverter operation

ready

Output when the inverter can be started by switching the

start signal on and while it is running.


12 112 Y12
Output current

detection
Refer to Pr. 150 and Pr. 151 (output current detection). Pr. 150, 151

13 113 Y13 Zero current detection Refer to Pr. 152 and Pr. 153 (zero current detection). Pr. 152, 153

14 114 FDN PID lower limit

15 115 FUP PID upper limit

16 116 RL
PID forward-reverse

rotation output

Refer to Pr. 128 to Pr. 134 (PID control). Pr. 128 to 134

17  MC1

Commercial power

supply-inverter

switch-over MC1

18  MC2

Commercial power

supply-inverter

switch-over MC2

19  MC3

Commercial power

supply-inverter

switch-over MC3

Refer to Pr. 135 to Pr. 139 (commercial power supply-

inverter switch-over).
Pr. 135 to 139
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6HWWLQJ

3RVLWLYH

ORJLF

1HJDWLYH

ORJLF

6LJQDO

1DPH
)XQFWLRQ 2SHUDWLRQ

5HODWHG

3DUDPHWHUV

ëí ìëí %2) %UDNH RSHQ UHTXHVW 5HIHU WR 3Uï ëæå WR 3Uï ëåè õEUDNH VHTXHQFH IXQFWLRQôï 3Uï ëæå WR ëåè

ëè ìëè )$1 )DQ IDLOXUH RXWSXW 2XWSXW DW WKH WLPH RI IDQ IDLOXUHï �

ëç ìëç ),1 )LQ RYHUKHDW SUHDODUP
2XWSXW ZKHQ WKH KHDW VLQN WHPSHUDWXUH UHDFKHV DERXW

åèø RI WKH ILQ RYHUKHDW SURWHFWLRQ DFWLYDWLQJ WHPSHUDWXUHï
�

äå ìäå /) /LJKW IDXOW RXWSXW 2XWSXW ZKHQ D PLQRU IDXOW RFFXUVï �

ää ìää $%& $ODUP RXWSXW
2XWSXW ZKHQ WKH LQYHUWHUöV SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

WR VWRS WKH RXWSXW õPDMRU IDXOWôï
�

ääää � 1R IXQFWLRQ � �

ëô (èíí

7HUPLQDOV 581ñ )8ñ $ñ % DQG & DUH DVVLJQHG IXQFWLRQV E\ 3Uï ìäí WR 3Uï ìäëñ UHVSHFWLYHO\ï

3DUDPHWHU

1XPEHU
)XQFWLRQ 1DPH 6HWWLQJ 5DQJH )DFWRU\ 6HWWLQJ

ìäí 581 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ää í õLQYHUWHU UXQQLQJ õ581ôô

ìäì )8 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ää é õRXWSXW IUHTXHQF\ GHWHFWLRQ õ)8ôô

ìäë $%& WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ää ää õDODUP RXWSXW õ$%&ôô

6HWWLQJ

3RVLWLYH ORJLF

6LJQDO

1DPH
)XQFWLRQ 2SHUDWLRQ

5HODWHG

3DUDPHWHUV

í 581 ,QYHUWHU UXQQLQJ
2XWSXW GXULQJ RSHUDWLRQ ZKHQ WKH LQYHUWHU RXWSXW

IUHTXHQF\ ULVHV WR RU DERYH WKH VWDUWLQJ IUHTXHQF\
�

ì 68 8S WR IUHTXHQF\ 5HIHU WR 3Uï éì ûXSðWRðIUHTXHQF\ VHQVLWLYLW\ûï 3Uï éì

ê 2/ 2YHUORDG DODUP 2XWSXW ZKLOH VWDOO SUHYHQWLRQ IXQFWLRQ LV DFWLYDWHGï
3Uï ëëñ ëêñ ççñ

ìèé

é )8
2XWSXW IUHTXHQF\

GHWHFWLRQ
5HIHU WR 3Uï éëñ 3Uï éê õRXWSXW IUHTXHQF\ GHWHFWLRQôï 3Uï éëñ éê

ìì 5<
,QYHUWHU RSHUDWLRQ

UHDG\

2XWSXW ZKHQ WKH LQYHUWHU FDQ EH VWDUWHG E\ VZLWFKLQJ WKH

VWDUW VLJQDO RQï
�

ìë <ìë
2XWSXW FXUUHQW

GHWHFWLRQ
5HIHU WR 3Uï ìèí DQG 3Uï ìèì õRXWSXW FXUUHQW GHWHFWLRQôï 3Uï ìèíñ ìèì

ìê <ìê =HUR FXUUHQW GHWHFWLRQ 5HIHU WR 3Uï ìèë DQG 3Uï ìèê õ]HUR FXUUHQW GHWHFWLRQôï 3Uï ìèëñ ìèê

ìé )'1 3,' ORZHU OLPLW

ìè )83 3,' XSSHU OLPLW

ìç 5/
3,' IRUZDUGðUHYHUVH

URWDWLRQ RXWSXW

5HIHU WR 3Uï ìëå WR 3Uï ìêé õ3,' FRQWUROôï 3Uï ìëå WR ìêé

äå /) /LJKW IDXOW RXWSXW 2XWSXW ZKHQ D PLQRU IDXOW RFFXUVï �

ää $%& $ODUP RXWSXW
2XWSXW ZKHQ WKH LQYHUWHUöV SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

WR VWRS WKH RXWSXW õPDMRU IDXOWôï
�
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õëô2SHQ FROOHFWRU RXWSXW VLJQDO FRQWURO ORJLF $èíí

(LWKHU RI WKH VLQN DQG VRXUFH ORJLF W\SHV PD\ EH

XVHG DV WKH RXWSXW VLJQDO FRQWURO ORJLFï 7KH

FRQQHFWRU SRVLWLRQ HWFï QHHG QRW EH FKDQJHGï

,Q WKH VLQN ORJLF W\SHñ D VLJQDO VZLWFKHV RQ ZKHQ D

FXUUHQW IORZV RXW RI WKH FRUUHVSRQGLQJ VLJQDO LQSXW

WHUPLQDOï 7HUPLQDO 6( LV D FRPPRQ WHUPLQDOï

,Q WKH VRXUFH ORJLF W\SHñ D VLJQDO VZLWFKHV RQ

ZKHQ D FXUUHQW IORZV LQWR WKH FRUUHVSRQGLQJ

VLJQDO LQSXW WHUPLQDOï 7HUPLQDO 6( LV D FRPPRQ

WHUPLQDOï

581

68

6(

ëé9'&

ä

å

ë

ì

$;éí

581

68

6(

ëé9'&

ä

å

ë

ì

$;åí

6LQN /RJLF 7\SH 6RXUFH /RJLF 7\SH

õêô$ODUP RXWSXW õFRQWDFW RXWSXWô &20021

)RU DODUP RXWSXWñ D FKDQJHRYHU FRQWDFW LV XVHG

DQG LWV RSHUDWLRQ LV VKRZQ LQ WKH ULJKW WDEOHï

:KHQ DQ\ RI WKH SURWHFWLYH IXQFWLRQV KDYH EHHQ

DFWLYDWHGñ WKH $/$50 ODPS LV OLW DQG UHPDLQV OLWï ,I

WKH FRQWDFW LV RSHQHG E\ WKH PDJQHWLF FRQWDFWRU

HWFï LQ WKH LQYHUWHU SRZHU VXSSO\ñ WKH LQYHUWHU

FRQWURO SRZHU LV ORVW DQG WKH DODUP RXWSXW VLJQDO

FDQQRW EH NHSW RQï 7R NHHS WKH DODUP RXWSXW VLJQDO

RQñ WKH DODUP RXWSXW FRQWDFW õDFURVV WHUPLQDOV

%ð&ô PXVW EH NHSW RSHQ E\ WKH H[WHUQDO FLUFXLWï

)RU $èíí ñ WKH DODUP RXWSXW VLJQDO FDQ EH NHSW RQ

E\ XVLQJ WHUPLQDOV 5ìñ 6ì WR FRQQHFW WKH FRQWURO

FLUFXLW ZLWK WKH RWKHU SRZHU VXSSO\ï õ5HIHU WR

6HFWLRQ ìïéïëïô

,Q WKLV FDVHñ LI WKH FXUUHQW OLPLW IXQFWLRQñ VWDOO

SUHYHQWLRQñ IDQ IDLOXUH RU EUDNH GLVFKDUJH UHVLVWRU

RYHUKHDW SURWHFWLRQ IXQFWLRQ LV DFWLYDWHGñ WKH

DODUP RXWSXW LV QRW VZLWFKHG RQñ WHUPLQDOV %ð&

UHPDLQ FORVHGñ DQG WKH $/$50 ODPS LV QRW OLWï

:KHQ SURWHFWLYH IXQFWLRQV KDYH EHHQ DFWLYDWHGñ

WKHLU KLVWRU\ FDQ EH UHDG LQ WKH PRQLWRULQJ PRGH

RI WKH RSHUDWLRQ SDQHO RU SDUDPHWHU XQLWï

$ODUP 5HOD\ 2SHUDWLRQ DQG /DPS 2Qî2II

6WDWXV &RQWDFW 2SHUDWLRQ
$/$50

/DPS
7HUPLQDOV

1RUPDO RU

LQYHUWHU

SRZHU RII

7KH UHOD\ FRLO LV NHSW

GHðHQHUJL]HG DQG WKH 1î&

õQRUPDOO\ FORVHGô FRQWDFW

FORVHGï

2II
& $

%

$ODUP

:KHQ WKH SURWHFWLYH

IXQFWLRQ LV DFWLYDWHGñ WKH

UHOD\ FRLO LV HQHUJL]HGñ WKH

1î& FRQWDFW LV RSHQHGñ

DQG WKH 1î2 õQRUPDOO\

RSHQô FRQWDFW FORVHGï

+RZHYHUñ WKH FRQWDFW GRHV

QRW RSHUDWH ZKHQ D IDQ

IDLOXUH RFFXUVï

2Q
& $

%
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õéô'HVFULSWLRQ RI WKH RXWSXW IXQFWLRQV &20021

7KH IROORZLQJ GHVFULSWLRQ DVVXPHV WKDW WKH ORJLF

VHWWLQJ LV SRVLWLYHï

ìô ,QYHUWHU UXQQLQJ õ581ô &20021

7KH RXWSXW VLJQDO LV 21 õORZô ZKHQ WKH LQYHUWHU

LV UXQQLQJ DW RU DERYH WKH VWDUWLQJ IUHTXHQF\ñ

DQG LV 2)) õKLJKô GXULQJ LQYHUWHU VWRS DQG '&

G\QDPLF EUDNH RSHUDWLRQï

ëô 8SðWRðIUHTXHQF\ õ68ô &20021

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ WKH

RXWSXW IUHTXHQF\ õHVWLPDWHG VSHHG IRU

DGYDQFHG õJHQHUDOðSXUSRVHô PDJQHWLF IOX[

YHFWRU FRQWUROô KDV UHDFKHG WKH SUHVHW

IUHTXHQF\ï 7KH XSðWRðIUHTXHQF\ VLJQDO

VHQVLWLYLW\ õóô LV VHW LQ 3Uï éì DQG LV DGMXVWDEOH

EHWZHHQ rì DQG rìííø ZLWK UHVSHFW WR WKH VHW

IUHTXHQF\ õIVôï

:KHQ WKH VSHHG LV FKDQJHG E\ VZLWFKLQJ WKH

VSHHG FRPPDQG IURP RQH WR DQRWKHU DV LQ

PXOWLðVSHHG RSHUDWLRQñ WKH RXWSXW RI 68 LV QRW

VZLWFKHG RII EXW LV NHSW RQ LI WKH RWKHU VSHHG LV

LQFOXGHG LQ WKH XSðWRðIUHTXHQF\ VHQVLWLYLW\

UDQJHï

$ ORQJ DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH ZLOO PDNH

WKH RXWSXW LQVWDEOHï

êô )UHTXHQF\ GHWHFWLRQ õ)8ñ )8ë õ1RWH ìôñ )8ê

õ1RWH ìôô &20021

7KH RXWSXW LV VZLWFKHG RQ ZKHQ WKH RXWSXW

IUHTXHQF\ õHVWLPDWHG VSHHG IRU DGYDQFHG

õJHQHUDOðSXUSRVHô PDJQHWLF IOX[ YHFWRU FRQWUROô

KDV UHDFKHG RU H[FHHGHG WKH IUHTXHQF\ VHW LQ

WKH RXWSXW IUHTXHQF\ GHWHFWLRQ SDUDPHWHUï

)8 ã 6HW LQ 3Uï éë õ 3Uï éê IRU UHYHUVH URWDWLRQô

)8ë ã 6HW LQ 3Uï èí õVHFRQG RXWSXW IUHTXHQF\

GHWHFWLRQô õ1RWH ìô

)8ê ã 6HW LQ 3Uï ììç õWKLUG RXWSXW IUHTXHQF\

GHWHFWLRQô õ1RWH ìô

1RWHã ìï 1RW SURYLGHG IRU (èíí ï

éô ,QYHUWHU RSHUDWLRQ UHDG\ õ5<ô &20021

7KH RXWSXW VLJQDO WXUQV RQ ZKHQ WKH LQYHUWHU LV

UHDG\ WR EH VWDUWHG E\ VZLWFKLQJ RQ WKH VWDUW

VLJQDOï 7KH RXWSXW LV DOVR 21 GXULQJ RSHUDWLRQï

ó

ó

W

W

W

W

W

W

W

21

W

3RZHU VXSSO\ õ5ñ 6ñ 7ô

,QYHUWHU RSHUDWLRQ
UHDG\ õ5<ô

6WDUW VLJQDO 67)ñ 675

,QYHUWHU UXQQLQJ
VLJQDO õ581ô

8SðWRðIUHTXHQF\ VLJQDO õ68ô

)UHTXHQF\ GHWHFWLRQ
VLJQDO õ)8ñ )8ëñ )8êô

,QYHUWHU RXWSXW
IUHTXHQF\

,QYHUWHU VHW
IUHTXHQF\
õIVô

'& G\QDPLF
EUDNH RSHUDWLRQ
SRLQW

)8 VHW IUHTXHQF\

21

21

21 21

21

21
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èô ,QVWDQWDQHRXV SRZHU IDLOXUH õ,3)ô $èíí

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ WKH

LQVWDQWDQHRXV SRZHU IDLOXUH RU XQGHUYROWDJH

SURWHFWLRQ LV DFWLYDWHG GXULQJ LQYHUWHU

RSHUDWLRQï

%\ VHOHFWLQJ WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW

DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH õE\ VHWWLQJ D

YDOXH RWKHU WKDQ ääää LQ 3Uï èæôñ WKH ,3)î897

VLJQDO LV QRW RXWSXW LI DQ LQVWDQWDQHRXV SRZHU

IDLOXUH RU XQGHUYROWDJH RFFXUVï

21
èí WR
ìííPV

3RZHU VXSSO\
õ5ñ 6ñ 7ô

,QVWDQWDQHRXV SRZHU
IDLOXUH VLJQDO õ,3)ô

,QVWDQWDQHRXV
SRZHU IDLOXUH WLPH

21

$SSUR[LPDWHO\ï èPV

çô 2YHUORDG õ2/ô &20021

7KH RXWSXW VLJQDO LV VZLWFKHG RQ õORZô IRU PRUH

WKDQ ìííPV ZKHQ VWDOO SUHYHQWLRQ LV DFWLYDWHG

GXH WR WKH H[FHVV RI WKH RXWSXW FXUUHQW RYHU WKH

IROORZLQJ YDOXH DQG LV VZLWFKHG RII õKLJKô ZKHQ

VWDOO SUHYHQWLRQ LV GHDFWLYDWHG GXH WR WKH IDOO RI

WKH RXWSXW FXUUHQW RU UHJHQHUDWLYH YROWDJH

EHORZ WKH SUHGHWHUPLQHG YDOXHï

x 3Uï ëëã 6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO

x 3Uï ëêã 6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO DW

GRXEOH VSHHG

x 3Uï ççã 6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO

UHGXFWLRQ VWDUWLQJ IUHTXHQF\

x 3Uï ìéå õ1RWH ìôã 6WDOO SUHYHQWLRQ OHYHO DW í9

LQSXW

x 3Uï ìéä õ1RWH ìôã 6WDOO SUHYHQWLRQ OHYHO DW

ìí9 LQSXW

x 3Uï ìèéã 9ROWDJH UHGXFWLRQ VHOHFWLRQ GXULQJ

VWDOO SUHYHQWLRQ RSHUDWLRQ

1RWHã ìï 1RW SURYLGHG IRU (èíí ï

W
2)) 21 21

6WDOO SUHYHQWLRQ
RSHUDWLRQ FXUUHQW
RU RSHUDWLRQ
UHJHQHUDWLYH
YROWDJH

2SHUDWLRQ OHYHO

2YHUORDG õ2/ô

æô 5HJHQHUDWLYH EUDNH SUHðDODUP õ5%3ô $èíí

7KH SUHðDODUP VLJQDO LV RXWSXW õVZLWFKHG ORZô

ZKHQ åèø RI WKH UHJHQHUDWLYH EUDNH GXW\ VHW LQ

3Uï æí LV UHDFKHGï 7KH SUHðDODUP VLJQDO LV UHVHW

õVZLWFKHG KLJKô ZKHQ WKH GXW\ IDOOV EHORZ åèøï

ìííø
åèø

2)) 21 W

5HJHQHUDWLYH EUDNH
GXW\ õ 3Uï æíô

5HJHQHUDWLYH EUDNH
SUHDODUP õ5%3ô

åô (OHFWURQLF RYHUFXUUHQW SURWHFWLRQ SUHðDODUP

õ7+3ô $èíí

7KH SUHðDODUP VLJQDO LV RXWSXW õVZLWFKHG ORZô

ZKHQ WKH HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ

FXPXODWLYH YDOXH UHDFKHV åèø RI WKH SUHVHW

OHYHOï 7KH SUHðDODUP VLJQDO LV UHVHW õVZLWFKHG

KLJKô ZKHQ WKH YDOXH IDOOV EHORZ åèøï

x (OHFWURQLF RYHUFXUUHQW SURWHFWLRQ FXPXODWLYH

YDOXH

íøã /RZHU WKDQ WKH YDOXH VHW LQ 3Uï ä

ìííøã (OHFWURQLF RYHUFXUUHQW SURWHFWLRQ

DFWLYDWLRQ YDOXH

2)) 21

ìííø
åèø

W

(OHFWURQLF
RYHUFXUUHQW
SURWHFWLRQ
DFWLYDWLRQ OHYHO

(OHFWURQLF RYHUFXUUHQW
SURWHFWLRQ SUHDODUP õ7+3ô 21

äô 3URJUDP PRGH RSHUDWLRQ õ35*ô $èíí

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ è LV

VHW LQ 3Uï æäñ SURJUDPPHG RSHUDWLRQ PRGHï

ìíô 38 PRGH RSHUDWLRQ õ38ô $èíí

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ

WKH 38 RSHUDWLRQ PRGH LV VHOHFWHGï

35* 38

W

W
21

3URJUDP PRGH
RSHUDWLRQ õ35*ô

38 RSHUDWLRQ õ38ô

([WHUQDO

21
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11) Output current detection (Y12) COMMON

The output is provided (switched low) when the
output current remains higher than the value
set in Pr. 150 for longer than the time set in
Pr. 151 during inverter operation.

This signal can be utilized for over-torque
detection, etc.

OFF OFF

Min. 100ms

ON

Time (t)
Output current detection
signal (Y12)

Output current
Pr. 150

Pr. 151

12) Zero current detection (Y13) COMMON

The output is provided (switched low) when
the output current remains lower than the
value set in Pr. 152 for longer than the time
set in
Pr. 153 during inverter operation. If the

condition does not hold, the signal remains on
for approximately 100ms.
This signal can be utilized to detect whether
or not output torque exists, for example.

OFFOFF

100ms

ON

Start signal
STF, STR

Output current

Zero current detection
signal output (Y13)

Pr. 153 detection time Pr. 153 detection time

Pr. 152

ON ON

13) PID upper, lower limits (FUP, FDN)
PID forward-reverse rotation output (RL) COMMON

Made valid when the X14 signal is turned on
to start PID control.
The upper limit (FUP) is output (switched low)
when the measurement signal exceeds the
upper limit value set in Pr. 131, and the lower
limit (FDN) is output (switched low) when the
measurement signal exceeds the lower limit
value set in Pr. 132.
The PID forward-reverse rotation output (RL)
is provided (switched low) when the output
indication of the parameter unit is forward

rotation (FWD). This output is not provided
when the indication is reverse rotation (REV)
or stop (STOP).

Pr. 132

Pr. 131

ON

OFF

OFF

Measurement
signal

Time (t)

Upper limit (FUP)

Lower limit (FDN) ON

14) Commercial power supply-inverter switch-
over (MC1, MC2, MC3) A500

When "1" is set in Pr. 135 to choose the
commercial power supply-inverter switch-over
sequence, the MC1 signal for MC across
power supply-inverter, MC2 signal for MC
across power supply-motor and MC3 signal
for MC across inverter output-motor are
output in accordance with the setting of the
commercial power supply-inverter switch-over
sequence.
These signals allow automatic changeover to
commercial power supply operation in a
system which cannot be stopped at
occurrence of an inverter alarm, for example.
Note that this function is not activated at the
time of the CPU error among the inverter
alarms.
For more information, refer to Section 1.6.32.

15) Brake open request (BOF) A500

This function is activated when "7" or "8" is
set in Pr. 60 to choose the brake sequence
mode. Operate the electromagnetic brake
according to the ON-OFF of the brake open
request signal (BOF).
For details, refer to Section 1.6.44.

16) Fan failure output (FAN) A500

The output is provided (switched low) at the
time of a fan failure.
However, the inverter does not come to an
alarm stop and continues running.
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ìæô )LQ RYHUKHDW SUHDODUP õ),1ô $èíí

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ

WKH KHDW VLQN WHPSHUDWXUH UHDFKHV DERXW åèø

RI WKH ILQ RYHUKHDW SURWHFWLRQ DFWLYDWLQJ

WHPSHUDWXUHï

(ï),1

21

7HPSHUDWXUH

åèø

)LQ RYHUKHDW SURWHFWLRQ

)LQ RYHUKHDW
SUHDODUP õ),1ô

õìííøô

7LPH õWô

ìåô /LJKW IDXOW RXWSXW õ/)ô &20021

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ D

PLQRU IDXOW RFFXUVï

ìäô $ODUP RXWSXW õ$%&ô &20021

7KH RXWSXW LV SURYLGHG õVZLWFKHG ORZô ZKHQ

WKH LQYHUWHUöV SURWHFWLYH IXQFWLRQ LV DFWLYDWHG

WR VWRS WKH RXWSXW õPDMRU IDXOWôï
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1.4.17 Meter connection and adjustment (FM) COMMON

The output frequency etc. of the inverter can be
indicated by a DC ammeter of 1mA full-scale and max.
300Ω internal resistance or a commercially available
digital meter which is connected across terminals
FM-SD.
The meter can be calibrated from the operation
panel or parameter unit. Note that the reading varies
according to the wiring distance if the meter is placed
away from the inverter. In this case, connect a
calibration resistor in series with the meter as shown
below and adjust until the reading matches the
operation panel or parameter unit indication (meter
monitoring mode).
Install the meter within 200m (50m for the digital
meter) of the inverter and connect them by at least
0.3mm2 twisted or shielded cables.
Types of Meters Connected

(+)

(–)

FM

SD

FM

SD

1mA

Inverter

Analog meter

(1mA full-scale)

Inverter 1440 pulses/s

Digital meter

(Note) Calibration resistor

Note: Not required when calibrated from
         the operation panel or parameter unit.

Types of Meters Connected

«Up to two meters may be used in parallel but a
digital meter cannot be used with an analog meter.

Output waveform of terminal FM
The output signal of terminal FM has a pulse
waveform as shown in the table below and the
number of its pulses is proportional to the inverter
output frequency.
The output voltage (average voltage) is also
proportional to the output frequency.

Terminal FM Output Voltage

Specifications

Output waveform 8V

1/1440Hz

Pr. 900

Number of output

pulses (pulses/sec)

Max. 2400 pulses/s

Set a full-scale value which achieves 1400

pulses/s.

Pr. 55: frequency monitoring reference

Pr. 56: current monitoring reference

Output voltage

0 to 8VDC maximum (Note 1)

(Approximately 3.5V (Note 3) at 1400

pulses/s)

Note: 1. 0.5V or less when a DC ammeter of 300Ω
internal resistance is connected to measure
the output voltage.

2. Value in parentheses indicates factory
setting.

3. Approximately 4.7V for E500

24V

2.2K

8V 22K

3.3K

SD

FM

R FM

Inverter

24V

2.2K

8V 20K

4.7K

SD

FM

R FM

Inverter

1) A500 2) E500

Examples of Inverters and Frequency Meters
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Adjustment
� Analog meter

To adjust the reading of an analog meter
(ammeter), turn the calibration resistor to change
the current.
When using the operation panel or parameter unit
for adjustment, change the pulse width of the
output waveform (adjust the current through the
adjustment of the output voltage) to adjust the
reading.
Note: It is not recommended to use a voltage type

meter because it is easily affected by a
voltage drop, induction noise etc. and
cannot provide a correct reading if the wiring
distance is long.

� Digital meter
Since the digital meter counts and displays the
number of pulses, adjust it from the operation
panel or parameter unit.
The inverter output, at which the reference pulses
of 1440 pulses/s are output, can be set in
Pr. 55 when frequency monitoring is used as

reference, or in Pr. 56 when current monitoring is
used as reference.

[Example] 1. To set the output across FM-SD to 1440
pulses/s at the inverter output frequency
of 120Hz, set 120 (Hz) in Pr. 55.
(Factory setting: 60Hz)

2. To set the output across FM-SD to 1440
pulses/s at the inverter output current of
15A, set 15 (A) Pr. 56. (Factory setting:
rated inverter current)

1.4.18 Analog output adjustment (AM) A500

A full-scale 10VDC analog signal can be output from
across terminals AM-5.
The analog output level can be calibrated by the
operation panel or parameter unit. Terminal AM
function selection can be set in Pr. 158.
Since terminal AM is not isolated from the control
circuit of the inverter, use a shielded cable of shorter
than 30m.
The output signal from terminal AM delays about
several 100ms in output and therefore cannot be
used as a signal for control which requires fast
response.

CPU

AM

5
10VDC

Inverter

FM signal

Terminal AM Output Circuit

Adjustment

Set the reference output value of the inverter which
outputs the full-scale voltage 10VDC.
Set it in Pr. 55 for frequency monitoring reference, or
in Pr. 56 for current monitoring reference.
Use Pr. 901, terminal AM output calibration, to
adjust the output voltage.
[Example] 1. To set the output across AM-5 to

10VDC at the inverter output frequency
of 90Hz, set 90Hz in Pr. 55. (Factory
setting: 60Hz)

2. To set the output across AM-5 to
10VDC at the inverter output current of
20A, set 20A in Pr. 56. (Factory setting:
rated inverter current)
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1.4.19 Control circuit common terminals (SD, 5, SE) COMMON

Terminals SD, 5 and SE are all common terminals
(0V) for I/O terminals. In A500 , they are isolated
from each other. In E500 , terminals SD and 5 are
not isolated (isolated in the 400V class). Terminals
SD and SE and terminals 5 and SE are isolated.
Do not earth these terminals.
Terminal SD is a common terminal for the contact
input terminals (STF, STR, STOP (Note), RH, RM,
RL, JOG (Note), RT (Note), MRS, RES, AU (Note),
CS (Note) and frequency output signal (FM). It is
photocoupler isolated from the internal control circuit.

Terminal 5 is a common terminal for the frequency
setting analog input signals. It is a 0V terminal of the
internal control circuit and should be protected from
external noise using a shielded or twisted cable.
Terminal SE is a common terminal for the open
collector output terminals (RUN, SU (Note), OL
(Note), IPF (Note), FU). It is photocoupler isolated
from the internal control circuit.
Note: Not provided for E500

1.4.20 Signal inputs by contactless switches COMMON

If a transistor is used instead of a contacted switch
as shown on the right, the input signals of the
inverter can control terminals STF, STR, STOP
(Note), RH, RM, RL, JOG (Note), RT (Note), MRS,
RES, AU (Note), CS (Note).
Note: Not provided for E500 .

«Electrical characteristics required for the external
transistor
•IC : Collector current [10mA or more]

If the rating is small, the external
transistor may be damaged or the
inverter input may not be active.

•VCEX : Open-time permissible collector-to-
emitter voltage [30V or more]
If the rating is small, the external
transistor may be damaged.

•VCE(sat) : Conduction-time collector-to-emitter
saturation voltage [3V or less]
If the saturation voltage is large, the
inverter input may not be active.

•ICEX : Collector shut-off current (leakage
current) [100µA or less]
If the shut-off current is large, it may be
accidentally input to the inverter.

+24V

Ic   6mA

SD

STF, etc.

Inverter

External Signal Input by Transistor

Note: 1. When using an external transistor
connected with the external power supply,
use terminal PC to prevent a fault from
occurring due to leakage current. (Refer to
Section 1.4.15.)

2. Note that an SSR (solid-state relay) has a
relatively large leakage current at OFF time
and it may be accidentally input to the
inverter.
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ìïéïëì &RQQHFWLRQ WR 38 FRQQHFWRU &20021

õìô:KHQ FRQQHFWLQJ WKH RSHUDWLRQ SDQHO RU

SDUDPHWHU XQLW XVLQJ D FRQQHFWLRQ FDEOH

á5HFRPPHQGHG FDEOH FRQQHFWRU!

x 3DUDPHWHU XQLW FRQQHFWLRQ FDEOH õ)5ð&%ë�ô

õRSWLRQô RU WKH IROORZLQJ FRQQHFWRU DQG

FDEOHï

x &RQQHFWRUã 5-éè FRQQHFWRU

([DPSOHãèðèèéæëíðêñ 1LSSRQ $03

x &DEOHã &DEOH FRQIRUPLQJ WR (,$èçå

õHïJï ìí%$6(ð7 FDEOHô

([DPSOHã6*/3(9 íïèPP u é3ñ
0,768%,6+, &$%/(

,1'8675,(6ñ /7'ï

á:KHQ XVLQJ WKH RSHUDWLRQ SDQHO RQ (èíí !

$ EDFN FRYHU DQG D UHOD\ DGDSWRU DUH UHTXLUHG

WR XVH WKH RSHUDWLRQ SDQHOï 8VH WKH RSWLRQDO

)5ð(è3 õVHW RI FRYHU DQG DGDSWRUôï $OVRñ ZKHQ

XVLQJ WKH EXLOWðLQ SRWHQWLRPHWHUñ UHFDOLEUDWH WKH

ELDV õ 3Uï äëëô DQG JDLQ 3Uï äëêô ZLWK WKH

FDEOH ILWWHGï

1RWHã 0D[ï ZLULQJ OHQJWK LV ëíPï

õëô)RU 56ðéåè FRPPXQLFDWLRQ

:LWK WKH RSHUDWLRQ SDQHO GLVFRQQHFWHGñ WKH 38

FRQQHFWRU FDQ EH XVHG IRU FRPPXQLFDWLRQ RSHUDWLRQ

IURP D SHUVRQDO FRPSXWHU HWFï

á38 FRQQHFWRU SLQðRXWV!

9LHZHG IURP WKH LQYHUWHU õUHFHSWDFOH VLGHô IURQW

ìô 6*
ëô 3è6
êô 5'$
éô 6'%

èô 6'$
çô 5'%
æô 6*
åô 3è6

åô
WR
ìô

)RU $èíí

åô WR ìô

ìô ðððððð
ëô 3è6
êô 5'$
éô 6'%

èô 6'$
çô 5'%
æô 6*
åô 3è6

)RU (èíí

8VH WKH FRQQHFWRU DQG FDEOH DV GHWDLOHG EHORZï

x &RQQHFWRUã 5-éè FRQQHFWRU

([DPSOHãèðèèéæëíðêñ 1LSSRQ $03

x &DEOHã &DEOH FRQIRUPLQJ WR (,$èçå

õHïJï ìí%$6(ð7 FDEOHô

([DPSOHã6*/3(9 íïèPP u é3ñ
0,768%,6+, &$%/(

,1'8675,(6ñ /7'ï

1RWHã ìï 'R QRW FRQQHFW WR WKH /$1 ERDUGñ )$; PRGHP

VRFNHW RU WHOHSKRQH PRGXODU FRQQHFWRU RI WKH

FRPSXWHUï 6LQFH WKH\ DUH GLIIHUHQFH LQ

HOHFWULFDO VSHFLILFDWLRQVñ WKH SURGXFWV PD\ EH

GDPDJHGï

ëï 3LQV ë DQG å õ3è6ô DUH WKH SRZHU VXSSO\ IRU

RSHUDWLRQ SDQHO RU SDUDPHWHU XQLWï

'R QRW XVH WKHP IRU 56ðéåè FRPPXQLFDWLRQï

êï )RU (èíí ñ NHHS SLQ ì RSHQ ZKHQ PDNLQJ

56ðéåè FRPPXQLFDWLRQï

éï :KHQ WKH FRPPXQLFDWLRQ SRUW RI WKH SHUVRQDO

FRPSXWHU KDV 56ðëêë& VSHFLILFDWLRQVñ SUHSDUH

DQ 56ðéåèî56ðëêë& FRQYHUWHUï
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0XOWLðVSHHG
RSHUDWLRQ VSHHGV
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æ $FFHOHUDWLRQ WLPH
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è Vîìè V
õ1RWH çô
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è Vîìè V
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$FFHOHUDWLRQî
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FXUUHQW
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ìë '& LQMHFWLRQ EUDNH YROWDJH í WR êíø
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6WRSSLQJ
DFFXUDF\
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ìïçïìí

ìê 6WDUWLQJ IUHTXHQF\ í WR çí+] íïè+]
0RWRU WRUTXH
DGMXVWPHQW

ìïçïæ

ìé /RDG SDWWHUQ VHOHFWLRQ õ1RWH ìô í WR è í
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SDWWHUQ VHOHFWLRQ

ìïçïä

ìè -RJ IUHTXHQF\ í WR éíí+] è+]
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íïè V
-RJ RSHUDWLRQ
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ìæ 056 LQSXW VHOHFWLRQ íñë í
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VHOHFWLRQ
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2SHUDWLRQ RYHU

ìëí+]
ìïçïæ
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YROWDJH OLPLW

ìïçïä
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$FFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH
IUHTXHQF\

ì WR éíí+] çí+]

ëì
$FFHOHUDWLRQîGHFHOHUDWLRQ WLPH
LQFUHPHQWV

íñì í

$FFHOHUDWLRQî
GHFHOHUDWLRQ WLPH

VHWWLQJ
ìïçïå

~ ëë 6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO í WR ëííøñ ääää ìèíø

ëê
6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO DW GRXEOH
VSHHG
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&XUUHQW OLPLW ìïçïìè

~ ëé 0XOWLðVSHHG VHWWLQJ õVSHHG éô í WR éíí+]ñ ääää ääää

~ ëè 0XOWLðVSHHG VHWWLQJ õVSHHG èô í WR éíí+]ñ ääää ääää

~ ëç 0XOWLðVSHHG VHWWLQJ õVSHHG çô í WR éíí+]ñ ääää ääää

~ ëæ 0XOWLðVSHHG VHWWLQJ õVSHHG æô í WR éíí+]ñ ääää ääää

ëå 0XOWLðVSHHG LQSXW FRPSHQVDWLRQ íñ ì í

0XOWLðVSHHG
RSHUDWLRQ VSHHGV

ìïçïç

ëä $FFHOHUDWLRQîGHFHOHUDWLRQ SDWWHUQ íñ ìñ ëñ ê í
$FFHOHUDWLRQî

GHFHOHUDWLRQ WLPH
FKDQJLQJ SDWWHUQ

ìïçïå

êí 5HJHQHUDWLYH IXQFWLRQ VHOHFWLRQ íñ ìñ ë í
8VH RI )5ð$%5
EUDNH UHVLVWRU

ìïçïìì

êì )UHTXHQF\ MXPS ì$ í WR éíí+]ñ ääää ääää

êë )UHTXHQF\ MXPS ì% í WR éíí+]ñ ääää ääää

êê )UHTXHQF\ MXPS ë$ í WR éíí+]ñ ääää ääää

êé )UHTXHQF\ MXPS ë% í WR éíí+]ñ ääää ääää

êè )UHTXHQF\ MXPS ê$ í WR éíí+]ñ ääää ääää

êç )UHTXHQF\ MXPS ê% í WR éíí+]ñ ääää ääää

)UHTXHQF\ MXPS
RSHUDWLRQ

õ$YRLGDQFH RI
UHVRQDQFH

SKHQRPHQRQô

ìïçïìç

6
WD
QG
D
UG
R
SH
UD
WLR
Q
IX
QF
WLR
QV

êæ 6SHHG GLVSOD\ íñì WR äääå í
6SHHG LQGLFDWLRQ
FKDQJHðRYHU

ìïçïè
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èæ

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

éì 8SðWRðIUHTXHQF\ VHQVLWLYLW\ í WR ìííø ìíø

éë 2XWSXW IUHTXHQF\ GHWHFWLRQ í WR éíí+] ç+]

2
X
WS
X
W

WH
UP
LQ
D
O

IX
QF
WLR
QV

éê
2XWSXW IUHTXHQF\ GHWHFWLRQ IRU UHYHUVH
URWDWLRQ

í WR éíí+]ñ ääää ääää

2XWSXW VLJQDO 21ð
2)) SRLQW
DGMXVWPHQW

ìïéïìç

éé 6HFRQG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH
í WR êçíí Vî
í WR êçí V

è V

éè 6HFRQG GHFHOHUDWLRQ WLPH
í WR êçíí Vî

í WR êçí Vñ ääää
ääää

ìïçïå

éç 6HFRQG WRUTXH ERRVW õ1RWH ìô í WR êíøñ ääää ääää

éæ 6HFRQG 9î) õEDVH IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

2SHUDWLRQDO
IXQFWLRQ IRU VXE

PRWRU
:KHQ RQH

LQYHUWHU LV XVHG WR
SHUIRUP VZLWFKð
RYHU RSHUDWLRQ RI

WZR PRWRUV

ìïçïä

éå 6HFRQG VWDOO SUHYHQWLRQ RSHUDWLRQ FXUUHQW í WR ëííø ìèíø

éä
6HFRQG VWDOO SUHYHQWLRQ RSHUDWLRQ
IUHTXHQF\

í WR éíí+]ñ ääää í
6WRSðRQðFRQWDFW

RSHUDWLRQ
ìïçïìè6

H
FR
Q
G
IX
Q
FW
LR
Q
V

èí 6HFRQG RXWSXW IUHTXHQF\ GHWHFWLRQ í WR éíí+] êí+]
2XWSXW VLJQDO 21ð

2)) SRLQW
DGMXVWPHQW

ìïéïìç

~ èë '8î38 PDLQ GLVSOD\ GDWD VHOHFWLRQ
í WR ëíñ ëëñ ëêñ ëéñ ëèñ

ìíí
í

~ èê 38 OHYHO GLVSOD\ GDWD VHOHFWLRQ í WR êñ è WR ìéñ ìæñ ìå ì

~ èé )0 WHUPLQDO IXQFWLRQ VHOHFWLRQ
ì WR êñ è WR ìéñ
ìæñ ìåñ ëì

ì

6HOHFWLRQ RI
YDULRXV PRQLWRU

GLVSOD\V
ìïçïìå

~ èè )UHTXHQF\ PRQLWRULQJ UHIHUHQFH í WR éíí+] çí+]

'
LV
S
OD
\
IX
QF
WLR
QV

~ èç &XUUHQW PRQLWRULQJ UHIHUHQFH í WR èíí$
5DWHG RXWSXW

FXUUHQW

([WHUQDO PHWHU
FDOLEUDWLRQ

ìïçïè
ìïçïìå

èæ 5HVWDUW FRDVWLQJ WLPH íñ íïì WR è Vñ ääää ääää

$
X
WR
P
D
WLF

UH
VW
D
UW

IX
QF
WLR
QV

èå 5HVWDUW FXVKLRQ WLPH í WR çí V ìïí V

5HVWDUW RSHUDWLRQ ìïçïìä

$
G
G
LWL
R
Q
D
O

IX
QF
WLR
Q

èä 5HPRWH VHWWLQJ IXQFWLRQ VHOHFWLRQ íñ ìñ ë í
6SHHG DGMXVWPHQW

IURP UHPRWH
ORFDWLRQ

ìïçïç

çí ,QWHOOLJHQW PRGH VHOHFWLRQ í WR å í

çì 5HIHUHQFH , IRU LQWHOOLJHQW PRGH í WR èíí$ñ ääää ääää

çë 5HIï , IRU LQWHOOLJHQW PRGH DFFHOï í WR ëííøñ ääää ääää

çê 5HIï , IRU LQWHOOLJHQW PRGH GHFHOï í WR ëííøñ ääää ääää

çé 6WDUWLQJ IUHTXHQF\ IRU HOHYDWRU PRGH í WR ìí+]ñ ääää ääää

,QWHOOLJHQW
RSHUDWLRQ

ìïçïëí

çè 5HWU\ VHOHFWLRQ í WR è í 5HWU\ RSHUDWLRQ ìïçïëì

çç
6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO UHGXFWLRQ
VWDUWLQJ IUHTXHQF\

í WR éíí+] çí+]
&RQVWDQWðRXWSXW
UHJLRQ KLJKðVSHHG

RSHUDWLRQ
ìïçïìè

çæ 1XPEHU RI UHWULHV DW DODUP RFFXUUHQFH í WR ìíñìíì WR ììí í

çå 5HWU\ ZDLWLQJ WLPH í WR ìí V ì V

çä 5HWU\ FRXQW GLVSOD\ HUDVXUH í í

5HWU\ RSHUDWLRQ ìïçïëì

æí 6SHFLDO UHJHQHUDWLYH EUDNH GXW\
í WR ìèøîí WR êíøîíø

õ1RWH ìíô
íø

8VH RI H[WHUQDO
EUDNH UHVLVWRU

ìïçïìì

æì $SSOLHG PRWRU
í WR åñ ìê WR ìåñ

ëíñ ëêñ ëé
í

8VH RI VSHFLDOð
SXUSRVH PRWRU

ìïçïìë
ìïçïëç

~ æë 3:0 IUHTXHQF\ VHOHFWLRQ í WR ìè ë
1RLVHñ OHDNDJH
FXUUHQW UHGXFWLRQ

ìïçïëë

æê íðè9îíðìí9 VHOHFWLRQ í WR èñ ìí WR ìè ì
$QDORJ IUHTXHQF\
VHWWLQJ VHOHFWLRQ

ìïçïç

æé )LOWHU WLPH FRQVWDQW í WR å ì ìïçïëê

~ æè
5HVHW VHOHFWLRQîGLVFRQQHFWHG 38
GHWHFWLRQî38 VWRS VHOHFWLRQ

í WR êñ ìé WR ìæ ìé
5HVHW IXQFWLRQ

VHOHFWLRQ
ìïçïìé

æç $ODUP FRGH RXWSXW VHOHFWLRQ íñ ìñ ëñ ê í
'LJLWDO RXWSXW RI
DODUP GHILQLWLRQ

ìïçïìæ

2
S
H
UD
WLR
Q
VH
OH
FW
LR
Q
IX
QF
WLR
QV

~ ææ 3DUDPHWHU ZULWH GLVDEOH VHOHFWLRQ íñ ìñ ë í
3DUDPHWHU GDWD
FKDQJH LQKLELW

ìïçïë
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èå

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

æå 5HYHUVH URWDWLRQ SUHYHQWLRQ VHOHFWLRQ íñ ìñ ë í
/LPLWDWLRQ RI
URWDWLRQ LQ RQH

GLUHFWLRQ
ìïçïê

2
S
H
UD
WLR
Q

VH
OH
FW
LR
Q

IX
QF
WLR
QV

æä 2SHUDWLRQ PRGH VHOHFWLRQ í WR å í
2SHUDWLRQ PRGH

VHOHFWLRQ
ìïçïì

åí 0RWRU FDSDFLW\ íïé WR èèN:ñ ääää ääää

åì 1XPEHU RI PRWRU SROHV ëñ éñ çñ ìëñ ìéñ ìçñ ääää ääää

)RU DGYDQFHG
PDJQHWLF IOX[
YHFWRU FRQWURO

ìïçïëé

åë 0RWRU H[FLWLQJ FXUUHQW õ1RWH éô í WR ñ ääää ääää
)RU RSWLRQDO PRWRU
FRQVWDQW VHWWLQJ

ìïçïëç

åê 5DWHG PRWRU YROWDJH í WR ìííí9
ëííîéíí9
õ1RWH ëô

åé 5DWHG PRWRU IUHTXHQF\ èí WR ìëí+] çí+]

)RU DXWR WXQLQJ

åä 6SHHG FRQWURO JDLQ í WR ëííïíø ìííø
)RU VOLS

FRPSHQVDWLRQ
ìïçïëé

äí 0RWRU FRQVWDQW õ5ìô õ1RWH éô í WRñ ääää ääää

äì 0RWRU FRQVWDQW õ5ëô õ1RWH éô í WRñ ääää ääää

äë 0RWRU FRQVWDQW õ/ìô õ1RWH éô í WRñ ääää ääää

äê 0RWRU FRQVWDQW õ/ëô õ1RWH éô í WRñ ääää ääää

äé 0RWRU FRQVWDQW õ;ô í WRñ ääää ääää

)RU RSWLRQDO PRWRU
FRQVWDQW VHWWLQJ

ìïçïëç

äè 2QOLQH DXWR WXQLQJ VHOHFWLRQ íñ ì í
)RU RQOLQH DXWR

WXQLQJ
ìïçïëæ

0
RW
R
U
FR
QV
WD
QW
V

äç $XWR WXQLQJ VHWWLQJîVWDWXV íñ ìñ ìíì í
)RU RQOLQH DXWR

WXQLQJ
ìïçïëç

ìíí 9î)ì õILUVW IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

ìíì 9î)ì õILUVW IUHTXHQF\ YROWDJHô õ1RWH ìô í WR ìííí9 í

ìíë 9î)ë õVHFRQG IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

ìíê 9î)ë õVHFRQG IUHTXHQF\ YROWDJHô õ1RWH ìô í WR ìííí9 í

ìíé 9î)ê õWKLUG IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

ìíè 9î)ê õWKLUG IUHTXHQF\ YROWDJHô õ1RWH ìô í WR ìííí9 í

ìíç 9î)é õIRXUWK IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

ìíæ 9î)é õIRXUWK IUHTXHQF\ YROWDJHô õ1RWH ìô í WR ìííí9 í

ìíå 9î)è õILIWK IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

è
ðS
R
LQ
W
IOH
[L
E
OH
9
î)

FK
D
UD
FW
H
ULV
WLF
V

ìíä 9î)è õILIWK IUHTXHQF\ YROWDJHô õ1RWH ìô í WR ìííí9 í

)RU RSWLRQDO
RXWSXW

FKDUDFWHULVWLF
VHWWLQJ

ìïçïëä

ììí 7KLUG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH
í WR êçíí Vî

í WR êçí Vñ ääää
ääää

ììì 7KLUG GHFHOHUDWLRQ WLPH
í WR êçíí Vî

í WR êçí Vñ ääää
ääää

ìïçïå

ììë 7KLUG WRUTXH ERRVW õ1RWH ìô í WR êíïíøñ ääää ääää
ììê 7KLUG 9î) õEDVH IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää

ìïçïä

ììé 7KLUG VWDOO SUHYHQWLRQ RSHUDWLRQ FXUUHQW í WR ëííø ìèíø
ììè 7KLUG VWDOO SUHYHQWLRQ RSHUDWLRQ IUHTXHQF\ í WR éíí+] í

ìïçïìè7
K
LU
G
IX
QF
WLR
QV

ììç 7KLUG RXWSXW IUHTXHQF\ GHWHFWLRQ í WR éíí+]ñ ääää ääää

2SHUDWLRQDO
IXQFWLRQV IRU VXE

PRWRUV
:KHQ RQH

LQYHUWHU LV XVHG WR
SHUIRUP VZLWFKð
RYHU RSHUDWLRQ RI
WKUHH PRWRUV

ìïéïìç

ììæ 6WDWLRQ QXPEHU í WR êì í

&
R
P
P
X
QL

FD
WLR
Q

IX
QF
WLR
QV

ììå &RPPXQLFDWLRQ VSHHG éåñ äçñ ìäë ìäë

&RPPXQLFDWLRQ
RSHUDWLRQ ZLWK

SHUVRQDO
FRPSXWHU

ìïçïêí
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Func-
tion

Parameter
Number

Name Setting Range
Factory
Setting

Purpose,
Application, Etc.

Refer to
Section

119 Stop bit length/data length
0, 1 (data length 8)

10, 11 (data length 7)
1

120 Parity check presence/absence 0, 1, 2 2

121 Number of communication retries 0 to 10, 9999 1

122 Communication check time interval 0, 0.1 to 999.8 s, 9999 0

123 Waiting time setting 0 to 150ms, 9999 9999

C
om

m
un

ic
at

io
n 

fu
nc

tio
ns

124 CR, LF presence/absence selection 0,1,2 1

Communication
operation with

personal
computer

1.6.30

128 PID action selection 10, 11, 20, 21 10
129 PID proportional band 0.1 to 1000%, 9999 100%
130 PID integral time 0.1 to 3600 s, 9999 1 s
131 Upper limit 0 to 100%, 9999 9999
132 Lower limit 0 to 100%, 9999 9999
133 PID action set point for PU operation 0 to 100% 0%

P
ID

 c
on

tr
ol

134 PID differential time 0.01 to 10.00 s, 9999 9999

For operation
under PID control

1.6.31

135
Commercial power supply-inverter
switch-over sequence output terminal
selection

0, 1 0

136 MC switch-over interlock time 0 to 100.0 s 1.0 s
137 Start waiting time 0 to 100.0 s 0.5 s

138
Commercial power supply-inverter
switch-over selection at alarm occurrence

0, 1 0

C
om

m
er

ci
al

 p
ow

er
su

pp
ly

-in
ve

rt
er

 s
w

itc
h-

ov
er

139
Automatic inverter-commercial power
supply switch-over frequency

0 to 60.00Hz, 9999 9999

For commercial
power supply-
inverter switch-
over operation

1.6.32

140
Backlash acceleration stopping frequency
(Note 7)

0 to 400Hz 1.00Hz

141
Backlash acceleration stopping time
(Note 7)

0 to 360 s 0.5 s

142
Backlash deceleration stopping frequency
(Note 7)

0 to 400Hz 1.00HzB
ac

kl
as

h

143
Backlash deceleration stopping time
(Note 7)

0 to 360 s 0.5 s

Backlash
compensation

1.6.8

144 Speed setting switch-over
0, 2, 4, 6, 8, 10, 102,
104, 106, 108, 110

4
Speed indication

change-over
1.6.5

148 Stall prevention level at 0V input 0 to 200% 150%D
is

pl
ay

A
dd

iti
on

al
 fu

nc
tio

ns

149 Stall prevention level at 10V input 0 to 200% 200%

Analog setting of
current limit level 1.6.15

150 Output current detection level 0 to 200% 150%
151 Output current detection period 0 to 10 s 0
152 Zero current detection level 0 to 200.0% 5.0%

C
ur

re
nt

de
te

ct
io

n

153 Zero current detection period 0 to 1 s 0.5 s

Current detection
signal output

1.6.33

154
Voltage reduction selection during stall
prevention operation

0, 1 1

Selection of
voltage reduction

during stall
prevention
operation

1.6.15

155 RT activated condition 0, 10 0

Second function
activated
condition
selection

1.4.10

156 Stall prevention operation selection 0 to 31, 100, 101 0

S
ub

 fu
nc

tio
ns

157 OL signal waiting time 0 to 25 s, 9999 0
Current limit 1.6.15
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çí

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

6
X
E
IX
Q
FW
LR
QV

ìèå $0 WHUPLQDO IXQFWLRQ VHOHFWLRQ
ì WR êñ è WR ìéñ
ìæñ ìåñ ëì

ì
6HOHFWLRQ RI

YDULRXV PRQLWRU
GLVSOD\V

ìïçïìå

$
G
G
LWL
R
Q
D
O

IX
QF
WLR
Q

~ ìçí 8VHU JURXS UHDG VHOHFWLRQ íñ ìñ ìíñ ìì í
8VHU JURXS

SDUDPHWHU UHDG
VHOHFWLRQ

ìïçïêé

ìçë
$XWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV
SRZHU IDLOXUH VHOHFWLRQ

íñ ì í

ìçê )LUVW FXVKLRQ WLPH IRU UHVWDUW í WR ëí V í V

ìçé )LUVW FXVKLRQ YROWDJH IRU UHVWDUW í WR ìííø íø

$
X
WR
P
D
WLF

UH
VW
D
UW

D
IW
H
U
LQ
VW
D
Q
WD
Q
H
RX
V

S
R
Z
H
U
ID
LOX
UH

ìçè 5HVWDUW VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO í WR ëííø ìèíø

$XWRPDWLF UHVWDUW
RSHUDWLRQ

ìïçïìä

ìæí :DWWðKRXU PHWHU FOHDU í í

,Q
LWL
D
O

P
R
QL
WR
U

ìæì $FWXDO RSHUDWLRQ KRXU PHWHU FOHDU í í

0RQLWRU YDOXH
FOHDULQJ

ìïçïêè

ìæê 8VHU JURXS ì UHJLVWUDWLRQ í WR äää í

ìæé 8VHU JURXS ì GHOHWLRQ í WR äääñ ääää í

ìæè 8VHU JURXS ë UHJLVWUDWLRQ í WR äää í8
VH
U

IX
QF
WLR
QV

ìæç 8VHU JURXS ë GHOHWLRQ í WR äääñ ääää í

5HJLVWUDWLRQ DQG
GHOHWLRQ RI

SDUDPHWHUV WR DQG
IURP XVHU JURXS

ìïçïêé

ìåí 5/ WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää í

ìåì 50 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää ì

ìåë 5+ WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää ë

ìåê 57 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää ê

ìåé $8 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää é

ìåè -2* WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää è

ìåç &6 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ääñ ääää ç

,QSXW WHUPLQDO
IXQFWLRQ VHOHFWLRQ

ìïéïé

ìäí 581 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää í

ìäì 68 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää ì

ìäë ,3) WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää ë

ìäê 2/ WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää ê

ìäé )8 WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää é

7
H
UP

LQ
D
OD
VV
LJ
QP

H
QW
IX
Q
FW
LR
Q
V

ìäè $%& WHUPLQDO IXQFWLRQ VHOHFWLRQ í WR ìääñ ääää ää

2XWSXW WHUPLQDO
IXQFWLRQ VHOHFWLRQ

ìïéïìç

$
G
G
LWL
R
Q
D
O

IX
QF
WLR
Q

ìää 8VHUöV LQLWLDO YDOXH VHWWLQJ í WR äääñ ääää í
2SWLRQDO VHWWLQJ RI
LQLWLDO SDUDPHWHU

YDOXHV
ìïçïêç

ëíí
3URJUDPPHG RSHUDWLRQ PLQXWHîVHFRQG
VHOHFWLRQ

í WR ê í

ëíì WR ëìí
3URJUDP VHW ì
ì WR ìí

íðëã 5RWDWLRQ GLUHFWLRQ
íðéííñ ääääã )UHTXHQF\

íðääïèäã 7LPH

í
ääää
í

ëìì WR ëëí
3URJUDP VHW ë
ìì WR ëí

íðëã 5RWDWLRQ GLUHFWLRQ
íðéííñ ääääã )UHTXHQF\

íðääïèäã 7LPH

í
ääää
í

ëëì WR ëêí
3URJUDP VHW ê
ëì WR êí

íðëã 5RWDWLRQ GLUHFWLRQ
íðéííñ ääääã )UHTXHQF\

íðääïèäã 7LPH

í
ääää
í

3
UR
J
UD
P
P
HG

R
S
H
UD
WLR
Q

ëêì 7LPHU VHWWLQJ í WR ääïèä í

3URJUDPPHG
RSHUDWLRQ ìïçïêæ
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çì

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

~ ëêë 0XOWLðVSHHG VHWWLQJ õVSHHG åô í WR éíí+]ñ ääää ääää

~ ëêê 0XOWLðVSHHG VHWWLQJ õVSHHG äô í WR éíí+]ñ ääää ääää

~ ëêé 0XOWLðVSHHG VHWWLQJ õVSHHG ìíô í WR éíí+]ñ ääää ääää

~ ëêè 0XOWLðVSHHG VHWWLQJ õVSHHG ììô í WR éíí+]ñ ääää ääää

~ ëêç 0XOWLðVSHHG VHWWLQJ õVSHHG ìëô í WR éíí+]ñ ääää ääää

~ ëêæ 0XOWLðVSHHG VHWWLQJ õVSHHG ìêô í WR éíí+]ñ ääää ääää

~ ëêå 0XOWLðVSHHG VHWWLQJ õVSHHG ìéô í WR éíí+]ñ ääää ääää0
X
OWL
ðV
S
HH
G
R
S
H
UD
WLR
Q

~ ëêä 0XOWLðVSHHG VHWWLQJ õVSHHG ìèô í WR éíí+]ñ ääää ääää

0XOWLðVSHHG õìèð
VSHHGô RSHUDWLRQ

VSHHGV
ìïçïç

~ ëéí 6RIWð3:0 VHWWLQJ íñ ì ì
1RLVHñ OHDNDJH
FXUUHQWñ QRLVH
UHGXFWLRQ

ìïçïëë

6
X
E

IX
QF
WLR
QV

ëéé &RROLQJ IDQ RSHUDWLRQ VHOHFWLRQ íñ ì í
(ORQJDWLRQ RI
FRROLQJ IDQ OLIH

ìïçïêå

6
WR
S

VH
OH
FW
LR
Q

IX
QF
WLR
Q

ëèí 6WRS VHOHFWLRQ í WR ìíí Vñ ääää ääää
'HFHOHUDWLRQ WR
VWRSñ FRDVWLQJ WR
VWRS VHOHFWLRQ

ìïçïêä

ëçì 3RZHU IDLOXUH VWRS VHOHFWLRQ íñ ì í

ëçë
6XEWUDFWHG IUHTXHQF\ DW GHFHOHUDWLRQ
VWDUW

í WR ëí+] ê+]

ëçê 6XEWUDFWLRQ VWDUWLQJ IUHTXHQF\ í WR ìëí+]ñ ääää çí+]
ëçé 3RZHUðIDLOXUH GHFHOHUDWLRQ WLPH ì í WR êçííîí WR êçí V è V

ëçè 3RZHUðIDLOXUH GHFHOHUDWLRQ WLPH ë
í WR êçííîí WR êçí Vñ

ääää
ääää

3
R
Z
H
U
ID
LOX
UH
VW
RS

IX
QF
WLR
Q

ëçç
3RZHUðIDLOXUH GHFHOHUDWLRQ WLPH VZLWFKð
RYHU IUHTXHQF\

í WR éíí+] çí+]

6HOHFWLRQ RI
GHFHOHUDWLRQ WR
VWRS DW SRZHU

IDLOXUH

ìïçïéí

6
H
OH
FW
LR
Q

IX
QF
WLR
Q

ëæí
6WRSðRQðFRQWDFWîORDG WRUTXH KLJKðVSHHG
IUHTXHQF\ FRQWURO VHOHFWLRQ

íñ ìñ ëñ ê í &RQWURO VHOHFWLRQ ìïçïéì

~ ëæì +LJKðVSHHG VHWWLQJ PD[LPXP FXUUHQW í WR ëííø èíø

~ ëæë 0LGðVSHHG VHWWLQJ PLQLPXP FXUUHQW í WR ëííø ìííø

~ ëæê &XUUHQW DYHUDJLQJ UDQJH í WR éíí+]ñ ääää ääää

+
LJ
K
ðV
S
H
H
G

IU
H
TX
H
QF
\

FR
QW
UR
O

~ ëæé &XUUHQW DYHUDJLQJ ILOWHU FRQVWDQW ì WR éííí ìç

+LJKðVSHHG
IUHTXHQF\ FRQWURO

ìïçïéë

ëæè
6WRSðRQðFRQWDFW H[FLWLQJ FXUUHQW ORZð
VSHHG PXOWLSO\LQJ IDFWRU

í WR ìíííøñ ääää
ääää

õ1RWH èô

6
WR
S
RQ

FR
QW
DF
W

ëæç 6WRSðRQðFRQWDFW 3:0 FDUULHU IUHTXHQF\ í WR ìèñ ääää
ääää

õ1RWH èô

6WRSðRQðFRQWDFW
FRQWURO

ìïçïéê

ëæå %UDNH RSHQLQJ IUHTXHQF\ õ1RWH êô í WR êí+] ê+]

ëæä %UDNH RSHQLQJ FXUUHQW õ1RWH êô í WR ëííø ìêíø

ëåí
%UDNH RSHQLQJ FXUUHQW GHWHFWLRQ WLPH
õ1RWH êô

í WR ë V íïê V

ëåì %UDNH RSHUDWLRQ WLPH DW VWDUW õ1RWH êô í WR è V íïê V

ëåë %UDNH RSHUDWLRQ IUHTXHQF\ õ1RWH êô í WR êí+] ç+]

ëåê %UDNH RSHUDWLRQ WLPH DW VWRS õ1RWH êô í WR è V íïê V

ëåé
'HFHOHUDWLRQ GHWHFWLRQ IXQFWLRQ VHOHFWLRQ
õ1RWH êô

íñ ì í%
UD
NH

VH
T
X
H
QF
H
IX
QF
WLR
QV

ëåè 2YHUVSHHG GHWHFWLRQ IUHTXHQF\ í WR êí+]ñ ääää ääää

(OHFWURPDJQHWLF
EUDNH VHTXHQFH

FRQWURO
ìïçïéé

ëåç 'URRS JDLQ í WR ìííø íø

'
UR
R
S

ëåæ 'URRS ILOWHU WLPH FRQVWDQW íïíí WR ìïíí V íïê V

/RDG EDODQFH
DGMXVWPHQW

ìïçïéè
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çë

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

~ äíí )0 WHUPLQDO FDOLEUDWLRQ �� ��

~ äíì $0 WHUPLQDO FDOLEUDWLRQ �� ��

)RU H[WHUQDO
PHWHU FDOLEUDWLRQ

ìïçïè

äíë )UHTXHQF\ VHWWLQJ YROWDJH ELDV í WR ìí9 í WR çí+] í9 í+]

äíê )UHTXHQF\ VHWWLQJ YROWDJH JDLQ í WR ìí9
ì WR

éíí+]
è9

çí
+]

äíé )UHTXHQF\ VHWWLQJ FXUUHQW ELDV í WR ëíP$ í WR çí+] éP$ í+]

&
D
OLE
UD
WLR
Q
IX
QF
WLR
QV

äíè )UHTXHQF\ VHWWLQJ FXUUHQW JDLQ í WR ëíP$
ì WR

éíí+]
ëí
P$

çí
+]

&DOLEUDWLRQ RI
RXWSXW IUHTXHQF\
WR IUHTXHQF\
VHWWLQJ VLJQDO

ìïçïç

$
G
G
LWL
R
Q
D
O

IX
QF
WLR
Q

ääí %X]]HU FRQWURO íñ ì ì
2SHUDWLRQ SDQHO
RU SDUDPHWHU XQLW
EX]]HU VHOHFWLRQ

ìïçïéå

1RWHã ìï ,QGLFDWHV WKH SDUDPHWHU VHWWLQJV ZKLFK DUH LJQRUHG ZKHQ WKH DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWURO PRGH LV VHOHFWHGï

ëï 7KH IDFWRU\ VHWWLQJ RI WKH )5ð$èéí õéíí9 FODVVô LV éíí9ï

êï &DQ EH VHW ZKHQ 3Uï åíñ 3Uï åì z ääääñ 3Uï çí  æ RU åï

éï &DQ EH DFFHVVHG ZKHQ 3Uï åíñ 3Uï åì z ääääñ 3Uï ææ  åíìï

èï &DQ EH DFFHVVHG ZKHQ 3Uï ëæí  ì RU êñ 3Uï åíñ 3Uï åì z ääääï
çï 7KH VHWWLQJ GHSHQGV RQ WKH LQYHUWHU FDSDFLW\ï

æï &DQ EH DFFHVVHG ZKHQ 3Uï ëä  êï

åï ,I WKH 3Uï ææ õSDUDPHWHU ZULWH LQKLELW VHOHFWLRQô YDOXH LV í õIDFWRU\ VHWWLQJôñ WKH YDOXHV RI WKH

SDUDPHWHUV PDUNHG ~ FDQ EH FKDQJHG GXULQJ RSHUDWLRQï õ+RZHYHUñ WKH 3Uï æë DQG 3Uï ëéí

YDOXHV FDQQRW EH FKDQJHG GXULQJ H[WHUQDO RSHUDWLRQïô

äï 7KH VHWWLQJ GHSHQGV RQ WKH LQYHUWHU FDSDFLW\ã õíïé.ñ íïæè.ôîõìïè. WR êïæ.ôîõèïè.ñ æïè.ôîõìì. RU

PRUHôï

ìíï7KH VHWWLQJ GHSHQGV RQ WKH LQYHUWHU FDSDFLW\ã õíïé. WR ìïè.ôîõëïë. WR æïè.ôîõìì. RU PRUHôï
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1.5.2 FR-E500

Func-
tion

Parameter
Number

Name Setting Range
Factory
Setting

Purpose,
Application, Etc.

Refer to
Section

0 Torque boost (Note 1) 0 to 30%
6%/4%
(Note 8)

Motor torque
adjustment

1.6.9

1 Maximum frequency 0 to 120Hz 120Hz
2 Minimum frequency 0 to 120Hz 0Hz

Output frequency
limit

1.6.7

3 Base frequency(Note 1) 0 to 400Hz 60Hz
Frequency at
rated motor

torque
1.6.9

¤ 4 Multi-speed setting (high speed) 0 to 400Hz 60Hz
¤ 5 Multi-speed setting (middle speed) 0 to 400Hz 30Hz
¤ 6 Multi-speed setting (low speed) 0 to 400Hz 10Hz

Multi-speed
operation speeds

1.6.6

7 Acceleration time 0 to 3600 s/ 0 to 360 s
5 s/10s
(Note 2)

8 Deceleration time 0 to 3600 s/ 0 to 360 s
5 s/10s
(Note 2)

Acceleration/
deceleration time

setting
1.6.8

B
as

ic
 fu

nc
tio

ns

9 Electronic thermal O/L relay 0 to 500A
Rated output

current
(Note 4)

Motor overheat
protection

1.6.12

10 DC injection brake operation frequency 0 to 120Hz 3Hz
11 DC injection brake operation time 0 to 10 s 0.5 s
12 DC injection brake voltage 0 to 30% 6%

Stopping
accuracy

adjustment
1.6.10

13 Starting frequency 0 to 60Hz 0.5Hz
Motor torque
adjustment

1.6.7

14 Load pattern selection (Note 1) 0 to 3 0
V/F characteristic
pattern selection

1.6.9

15 Jog frequency 0 to 400Hz 5Hz
16 Jog acceleration/deceleration time 0 to 3600 s/0 to 360 s 0.5 s

Jog operation
1.6.6
1.6.8

18 High-speed maximum frequency 120 to 400Hz 120Hz
Operation over

120Hz
1.6.7

19 Base frequency voltage (Note 1) 0 to 1000V, 8888,9999 9999
Max. output
voltage limit

1.6.9

20
Acceleration/deceleration reference
frequency

1 to 400Hz 60Hz

21
Acceleration/deceleration time
increments

0,1 0

Acceleration/
deceleration time

setting
1.6.8

¤ 22 Stall prevention operation level 0 to 200% 150%

23
Stall prevention operation level at double
speed (Note 5)

0 to 200%, 9999 9999
Current limit 1.6.15

¤ 24 Multi-speed setting (speed 4) 0 to 400Hz, 9999 9999
¤ 25 Multi-speed setting (speed 5) 0 to 400Hz, 9999 9999
¤ 26 Multi-speed setting (speed 6) 0 to 400Hz, 9999 9999
¤ 27 Multi-speed setting (speed 7) 0 to 400Hz, 9999 9999

Multi-speed
operation speeds

1.6.6

29 Acceleration/deceleration pattern 0,1,2 0
Acceleration/

deceleration time
changing pattern

1.6.8

30 Regenerative function selection 0,1 0
Use of external
brake resistor

1.6.11

31 Frequency jump 1A 0 to 400Hz, 9999 9999
32 Frequency jump 1B 0 to 400Hz, 9999 9999
33 Frequency jump 2A 0 to 400Hz, 9999 9999
34 Frequency jump 2B 0 to 400Hz, 9999 9999
35 Frequency jump 3A 0 to 400Hz, 9999 9999
36 Frequency jump 3B 0 to 400Hz, 9999 9999

Frequency jump
operation

(Avoidance of
resonance

phenomenon)

1.6.16

37 Speed display 0, 0.01 to 9998 0
Speed indication

change-over
1.6.5

38 Frequency at 5V (10V) input 1 to 400Hz 60Hz (Note 6)

S
ta

nd
ar

d 
op

er
at

io
n 

fu
nc

tio
ns

39 Frequency at 20mA input 1 to 400Hz 60Hz (Note 6)

Calibration of
output frequency

to frequency
setting signal

1.6.6
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çé

)XQFð
WLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

3XUSRVHñ
$SSOLFDWLRQñ (WFï

5HIHU WR
6HFWLRQ

éì 8SðWRðIUHTXHQF\ VHQVLWLYLW\ í WR ìííø ìíø

éë 2XWSXW IUHTXHQF\ GHWHFWLRQ í WR éíí+] ç+]

2
X
WS
X
W

WH
UP
LQ
D
O

IX
QF
WLR
QV

éê
2XWSXW IUHTXHQF\ GHWHFWLRQ IRU UHYHUVH
URWDWLRQ

í WR éíí+]ñ ääää ääää

2XWSXW VLJQDO 21ð
2)) SRLQW
DGMXVWPHQW

ìïéïìç

éé 6HFRQG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH í WR êçíí Vîí WR êçí V
è Vîìí V
õ1RWH ëô

éè 6HFRQG GHFHOHUDWLRQ WLPH
í WR êçíí Vî

í WR êçí Vñ ääää
ääää

ìïçïå

éç 6HFRQG WRUTXH ERRVW õ1RWH ìô í WR êíøñ ääää ääää

éæ 6HFRQG 9î) õEDVH IUHTXHQF\ô õ1RWH ìô í WR éíí+]ñ ääää ääää
ìïçïä

6
R
Q
G
IX
QF
WLR
Q
V

éå 6HFRQG HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ í WR èíí$ñ ääää ääää

2SHUDWLRQDO
IXQFWLRQ IRU VXE

PRWRU
:KHQ RQH

LQYHUWHU LV XVHG WR
SHUIRUP VZLWFKð
RYHU RSHUDWLRQ RI
WZR PRWRUV ìïçïìë

~ èë '8î38 PDLQ GLVSOD\ GDWD VHOHFWLRQ íñëêñìíí í

~ èé )0 WHUPLQDO IXQFWLRQ VHOHFWLRQ íñìñë í
ìïçïìå

~ èè )UHTXHQF\ PRQLWRULQJ UHIHUHQFH í WR éíí+] çí+]

'
LV
S
OD
\

IX
QF
WLR
QV

~ èç &XUUHQW PRQLWRULQJ UHIHUHQFH í WR èíí$
5DWHG RXWSXW
FXUUHQW

6HOHFWLRQ RI
YDULRXV PRQLWRU

GLVSOD\V ìïçïè

èæ 5HVWDUW FRDVWLQJ WLPH í WR è Vñ ääää ääää

$
X
WR
P
D
WLF

UH
VW
D
UW

IX
QF
WLR
QV

èå 5HVWDUW FXVKLRQ WLPH í WR çí V ìïí V

5HVWDUW RSHUDWLRQ ìïçïìä

$
G
G
LWL
R
Q
D
O

IX
QF
WLR
Q

èä 5HPRWH VHWWLQJ IXQFWLRQ VHOHFWLRQ íñìñë í
6SHHG DGMXVWPHQW
IURP UHPRWH
ORFDWLRQ

ìïçïç

çí 6KRUWHVW DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH íñìñëñììñìë í

çì 5HIHUHQFH FXUUHQW í WR èíí$ñ ääää ääää

çë 5HIHUHQFH FXUUHQW IRU DFFHOHUDWLRQ í WR ëííøñ ääää ääää

çê 5HIHUHQFH FXUUHQW IRU GHFHOHUDWLRQ í WR ëííøñ ääää ääää

,QWHOOLJHQW
RSHUDWLRQ

ìïçïëí

çè 5HWU\ VHOHFWLRQ íñìñëñê í 5HWU\ RSHUDWLRQ ìïçïëì

çç
6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO UHGXFWLRQ
VWDUWLQJ IUHTXHQF\ õ1RWH èô

í WR éíí+] çí+]
&RQVWDQWðRXWSXW
UHJLRQ KLJKðVSHHG

RSHUDWLRQ
ìïçïìè

çæ 1XPEHU RI UHWULHV DW DODUP RFFXUUHQFH
í WR ìíñ
ìíì WR ììí

í

çå 5HWU\ ZDLWLQJ WLPH íïì WR êçí V ì V

çä 5HWU\ FRXQW GLVSOD\ HUDVXUH í í

5HWU\ RSHUDWLRQ ìïçïëì

æí 6SHFLDO UHJHQHUDWLYH EUDNH GXW\ í WR êíø íø
8VH RI H[WHUQDO
EUDNH UHVLVWRU

ìïçïìì

æì $SSOLHG PRWRU õ1RWH èô

íñìñêñèñçñìêñ
ìèñìçñëêñìííñìíìñ
ìíêñììêñìëêñìíèñ
ììèñìíçñììç

í
8VH RI VSHFLDOð
SXUSRVH PRWRU

ìïçïìë
ìïçïëç

~ æë 3:0 IUHTXHQF\ VHOHFWLRQ í WR ìè ì
1RLVHñ OHDNDJH
FXUUHQW UHGXFWLRQ

ìïçïëë

æê íðè9îíðìí9 VHOHFWLRQ íñì í ìïçïç

æé )LOWHU WLPH FRQVWDQW í WR å ì
$QDORJ IUHTXHQF\
VHWWLQJ VHOHFWLRQ ìïçïëê

æè
5HVHW VHOHFWLRQîGLVFRQQHFWHG 38
GHWHFWLRQî38 VWRS VHOHFWLRQ

í WR êñìé WR ìæ ìé
5HVHW IXQFWLRQ
VHOHFWLRQ

ìïçïìé

ææ 3DUDPHWHU ZULWH GLVDEOH VHOHFWLRQ íñìñë í
3DUDPHWHU GDWD
FKDQJH LQKLELW

ìïçïë

æå 5HYHUVH URWDWLRQ SUHYHQWLRQ VHOHFWLRQ íñìñë í
/LPLWDWLRQ RI
URWDWLRQ LQ RQH
GLUHFWLRQ

ìïçïê

2
S
H
UD
WLR
Q
VH
OH
FW
LR
Q
IX
QF
WLR
QV

æä 2SHUDWLRQ PRGH VHOHFWLRQ õ1RWH èô í WR éñç WR å ì
2SHUDWLRQ PRGH

VHOHFWLRQ
ìïçïì
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Func-
tion

Parameter
Number

Name Setting Range
Factory
Setting

Purpose,
Application, Etc.

Refer to
Section

80 Motor capacity 0.1 to 7.5kW, 9999 9999
For general-

purpose magnetic
flux vector control

1.6.25

82 Motor exciting current 0 to 500A, 9999 9999
83 Rated motor voltage 0 to 1000V 200V/400V
84 Rated motor frequency 50 to 120Hz 60Hz
90 Motor constant (R1) (Note 5) 0 to 50Ω, 9999 9999M

ot
or

 c
on

st
an

ts

96 Auto-tuning setting/status (Note 5) 0, 1 0

For auto tuning 1.6.26

117 Station number 0 to 31 0
118 Communication speed 48,96,192 48

119 Stop bit length/data length
0,1 (data length 8)

10,11 (data length 7)
1

120 Parity check presence/absence 0,1,2 2
121 Number of communication retries 0 to 10,9999 1
122 Communication check time interval 0 to 999.8 s, 9999 0
123 Waiting time setting 0 to 150, 9999 9999

C
om

m
un

ic
at

io
n

fu
nc

tio
ns

124 CR, LF presence/absence selection 0,1,2 1

Communication
operation with

personal
computer

1.6.30

128 PID action selection 0,20,21 0
129 PID proportional band 0.1 to 1000%, 9999 100%
130 PID integral time 0.1 to 3600 s, 9999 1 s
131 Upper limit 0 to 100%, 9999 9999
132 Lower limit 0 to 100%, 9999 9999
133 PID action set point for PU operation 0 to 100% 0%

P
ID

 c
on

tr
ol

134 PID differential time 0.01 to 10.00 s, 9999 9999

For operation
under PID control

1.6.31

A
dd

iti
on

al
fu

nc
tio

n

146 frequency setting command selection 0, 1, 9999 0
Built-in

potentiometer
selection

1.4.6

150 Output current detection level 0 to 200% 150%
151 Output current detection period 0 to 10 s 0
152 Zero current detection level 0 to 200.0% 5.0%C

ur
re

nt
de

te
ct

io
n

153 Zero current detection period 0.05 to 1 s 0.5 s

Current detection
signal output

1.6.33

S
ub

fu
nc

tio
n

156 Stall prevention operation selection 0 to 31,100 0 Current limit 1.6.15

A
dd

iti
on

al
fu

nc
tio

n

160 User group read selection 0, 1, 10, 11 0
User group

parameter read
selection

1.6.34

In
iti

al
m

on
ito

r

171 Actual operation hour meter clear 0 0
Monitor value

clearing
1.6.35

173 User group 1 registration 0 to 999 0

174 User group 1 deletion 0 to 999,9999 0

175 User group 2 registration 0 to 999 0U
se

r
fu

nc
tio

ns

176 User group 2 deletion 0 to 999,9999 0

Registration and
deletion of

parameters to and
from user group

1.6.34

180 RL terminal function selection 0 to 8, 16, 18 0
181 RM terminal function selection 0 to 8, 16, 18 1
182 RH terminal function selection 0 to 8, 16, 18 2
183 MRS terminal function selection 0 to 8, 16, 18 6

Input terminal
function selection

1.4.4

190 RUN terminal function selection 0 to 99 0
191 FU terminal function selection 0 to 99 4

T
er

m
in

al
as

si
gn

m
en

t
fu

nc
tio

ns

192 A, B, C terminal function selection 0 to 99 99

Output terminal
function selection

1.4.16
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Func-
tion

Parameter
Number

Name Setting Range
Factory
Setting

Purpose,
Application, Etc.

Refer to
Section

¤ 232 Multi-speed setting (speed 8) 0 to 400Hz, 9999 9999
¤ 233 Multi-speed setting (speed 9) 0 to 400Hz, 9999 9999
¤ 234 Multi-speed setting (speed 10) 0 to 400Hz, 9999 9999
¤ 235 Multi-speed setting (speed 11) 0 to 400Hz, 9999 9999
¤ 236 Multi-speed setting (speed 12) 0 to 400Hz, 9999 9999
¤ 237 Multi-speed setting (speed 13) 0 to 400Hz, 9999 9999
¤ 238 Multi-speed setting (speed 14) 0 to 400Hz, 9999 9999

M
ul

ti-
sp

ee
d 

op
er

at
io

n

¤ 239 Multi-speed setting (speed 15) 0 to 400Hz, 9999 9999

Multi-speed(15-
speed) operation

speed
1.6.6

240 Soft-PWM setting 0,1 1
Noise, leakage
current, noise

reduction
1.6.22

244 Cooling fan operation selection 0,1 0
Elongation of

cooling fan life
1.6.38

245 Rated motor slip 0 to 50%, 9999 9999
246 Slip compensation response time 0.01 to 10 s 0.5 s

247
Constant-output region slip compensation
selection

0, 9999 9999

For slip
compensation

1.6.28

S
ub

 fu
nc

tio
ns

249 Ground fault detection at start 0, 1 0
Ground fault

detection
1.6.46

S
to

p
se

le
ct

io
n

fu
nc

tio
n

250 Stop selection
0 to 100 s,

1000 to 1100 s,
8888, 9999

9999
Deceleration to
stop, coasting to

stop selection
1.6.39

900 FM terminal calibration  
For external

meter calibration
1.6.5

902 Frequency setting voltage bias 0 to 10V 0 to 60Hz 0V 0Hz

903 Frequency setting voltage gain 0 to 10V 1 to 400Hz 5V
60
Hz

904 Frequency setting current bias 0 to 20mA 0 to 60Hz 4mA 0Hz
905 Frequency setting current gain 0 to 20mA 1 to 400Hz 20mA 60Hz

Calibration of
output frequency

to frequency
setting signal

1.6.6

922
Built-in frequency setting potentiometer
bias

0 to 5V 0 to 60Hz 0V 0Hz

C
al

ib
ra

tio
n 

fu
nc

tio
ns

923
Built-in frequency setting potentiometer
gain

0 to 5V 1 to 400Hz 5V 60Hz

Calibration of
output frequency

to built-in
potentiometer

1.6.6

Note: 1. Indicates the parameter of which setting is ignored when the general-purpose magnetic flux

vector control mode is selected.

2. The setting depends on the inverter capacity: (0.1K to 3.7K)/(5.5K to 7.5K).

3. Since calibration is made before shipment from the factory, the settings differ slightly between

inverters. The inverter is preset to provide a frequency slightly higher than 60Hz.

4. Set to 85% of the rated inverter current for the 0.1 to 0.75K.

5. If "2" is set in Pr. 77 (parameter write inhibit selection), the setting cannot be changed during

operation.

6. If the Pr. 77 (parameter write inhibit selection) value is 0 (factory setting), the values of the

parameters marked ¤ can be changed during operation. (However, the Pr. 72 value may only be

changed during PU operation.)

7. Can be accessed when Pr. 80 ≠ 9999 and Pr. 77 = 801.

4% for the FR-E540-5.5K and 7.5K.
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çæ

ìïç )XQFWLRQV õ3DUDPHWHUVô

ìïçïì 2SHUDWLRQ PRGH VHOHFWLRQ > 3Uï æä@ &20021

<RX FDQ FKRRVH WKH RSHUDWLRQ PRGH VXFK DV 38 RU

H[WHUQDO RSHUDWLRQ PRGHï 7KH RSHUDWLRQ PRGH LV

IDFWRU\ðVHW WR DOORZ WKH 38 RSHUDWLRQ RU H[WHUQDO

RSHUDWLRQ WR EH VHOHFWHGñ õDQG WKH H[WHUQDO RSHUDWLRQ

PRGH LV VHOHFWHG IRU $èíí RU WKH 38 RSHUDWLRQ

PRGH VHOHFWHG IRU (èíí DW SRZHUðRQôï 6HW WKH

FRUUHVSRQGLQJ YDOXH WR VHOHFW WKH UHTXLUHG PRGH

IURP DPRQJ YDULRXV PRGHVñ HïJï WKH PRGH LQ ZKLFK

38 RSHUDWLRQ LV FKRVHQ DW SRZHUðRQ õVHW YDOXH ìôñ

WKH PRGH LQ ZKLFK H[WHUQDO VLJQDOV DQG RSHUDWLRQ

SDQHO õSDUDPHWHU XQLWô DUH XVHG IRU WKH UXQQLQJ

IUHTXHQF\ VHWWLQJ DQG VWDUW VLJQDOñ DQG WKH

SURJUDPPHG RSHUDWLRQ õQRW DYDLODEOH IRU (èíí ô

PRGHï

&RUUHVSRQGLQJ

0RGHO
3DUDPHWHU

1XPEHU

6HW

9DOXH
'HVFULSWLRQ

3DUDPHWHU

'LVSOD\

)UHTXHQF\

6HWWLQJ
6WDUW 6LJQDO

$W 3RZHUð

2Q
$èíí (èíí

38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô u õ1RWH ëô
í

38 RU H[WHUQDO RSHUDWLRQ PD\

EH VHOHFWHGï (;7 ([WHUQDO VLJQDO õ67)ñ 675ô { õ1RWH ëô

{

õ)DFWRU\

VHWWLQJô

{

ì 38 RSHUDWLRQ RQO\ DOORZHG 38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô { {

{

õ)DFWRU\

VHWWLQJô

ë
([WHUQDO RSHUDWLRQ RQO\

DOORZHG
(;7 ([WHUQDO VLJQDO õ67)ñ 675ô { { {

ê
2SHUDWLRQ SDQHO

õ38ô
67)ñ675 {

é

38ðH[WHUQDO VLJQDO FRPELQHG

RSHUDWLRQ
38ò(

([WHUQDO VLJQDO
2SHUDWLRQ SDQHO

õ38ô
{

{ {

35*
3Uï ëíí WR

3Uï ëêì
67) õ1RWH ìô {

è
3URJUDPPHG RU 38 RSHUDWLRQ

PD\ EH VHOHFWHGï
38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô u

{ u

38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô u
ç

38 RU H[WHUQDO RSHUDWLRQ PD\

EH VHOHFWHG GXULQJ RSHUDWLRQ

õVZLWFKðRYHU PRGHôï
(;7 ([WHUQDO VLJQDO õ67)ñ 675ô {

{ {

38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô u
æ

38 DQG H[WHUQDO RSHUDWLRQV

PD\ EH LQWHUORFNHG E\ ;ìë

õ056ô VLJQDOï
(;7 ([WHUQDO VLJQDO õ67)ñ 675ô {

{ {

38 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô
'HSHQGLQJ

RQ WHUPLQDO

æä

å

38 RU H[WHUQDO RSHUDWLRQ PD\

EH VHOHFWHG E\ ;ìë õ056ô

VLJQDOï (;7 ([WHUQDO VLJQDO õ67)ñ 675ô
'HSHQGLQJ

RQ WHUPLQDO

{ {

1RWHã ìï )RU GHWDLOV RI JURXS VHOHFWLRQ 5+ñ 50ñ 5/ DQG WLPHU UHVHW 675ñ UHIHU WR 3Uï ëíí WR 3Uï ëêìï

ëï )RU (èíí ñ WKH 38 RSHUDWLRQ PRGH LV FKRVHQ DW SRZHUðRQ ZKHQ 3Uï ìéç  ääääï

õìô38 RSHUDWLRQ &20021

$IWHU PDNLQJ FRQQHFWLRQV DV VKRZQ RQ WKH ULJKW

DQG FKDQJLQJ WKH UHTXLUHG IXQFWLRQV õSDUDPHWHU

YDOXHVô IURP WKH IDFWRU\ VHWWLQJVñ VHW IUHTXHQFLHV

IURP WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô DQG

VWDUW RSHUDWLRQï

)RU (èíí ñ 38 RSHUDWLRQ LV VHOHFWHG DW SRZHUðRQ

ZKHQ 3Uï æä LV DV IDFWRU\ðVHW õ 3Uï æä ìôï

2SHUDWLRQ ZLWK WKH SRWHQWLRPHWHU RI WKH

RSHUDWLRQ SDQHO LV HQDEOHG LQ WKH 38 RSHUDWLRQ

PRGHï )RU PRUH LQIRUPDWLRQñ UHIHU WR 6HFWLRQ

ìïéïç õëôï

1)%

,0

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

$

%

&

056

5(6

6'

)5ð'8íé
+]
$
9

021 (;7 38

&21752/ 3$1(/

):'

02'(

6(7

5(9 ):'

6723
5(6(7

5(9

3RZHU
VXSSO\

2XWSXW VWRS

5HVHW

,QYHUWHU

2SHUDWLRQ SDQHO
0RWRU

*URXQG

$ODUP RXWSXW

*URXQG

&RQQHFWLRQ ([DPSOH IRU 38 2SHUDWLRQ

1RWHã 7KH PRWRU DQG LQYHUWHU PXVW EH JURXQGHGï )RU WKH

JURXQGLQJ PHWKRGñ UHIHU WR 6HFWLRQ ìïäïæï
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õëô([WHUQDO RSHUDWLRQ &20021

$IWHU PDNLQJ FRQQHFWLRQV DV VKRZQ LQ WKH EHORZ

H[DPSOH DQG VHWWLQJ WKH IXQFWLRQV õSDUDPHWHU

YDOXHVôñ \RX FDQ HQWHU WKH H[WHUQDO UXQQLQJ

VLJQDOñ VHW IUHTXHQF\ñ DQG SHUIRUP YDULRXV

RSHUDWLRQVï +RZ WR XVH WKH H[WHUQDO WHUPLQDOV

ZLOO EH GHVFULEHG EHORZï

)RU $èíí ñ H[WHUQDO RSHUDWLRQ LV VHOHFWHG DW

SRZHUðRQ ZKHQ 3Uï æä LV DV IDFWRU\ðVHW

õ 3Uï æä  íô

:KHQ \RX KDYH VHOHFWHG WKH 38 RSHUDWLRQ PRGH

IRU UHTXLUHG IXQFWLRQ õSDUDPHWHUô VHWWLQJ HWFïñ

UHWXUQ WR H[WHUQDO RSHUDWLRQ EHIRUH VWDUWLQJ

RSHUDWLRQï

1)%

,0

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

67)

675

5+

50

5/

-2*

57

056

5(6

6'

)0

6'

)5ð'8íé
+]
$
9

021 (;7 38

&21752/ 3$1(/

):'

02'(

6(7

5(9 ):'

6723
5(6(7

5(9

ìí

ë

è

3RZHU
VXSSO\

)RUZDUG URWDWLRQ VWDUW

5HYHUVH URWDWLRQ VWDUW

0XOWLðVSHHG
VHOHFWLRQ

+LJKðVSHHG VHWWLQJ

0LGGOHðVSHHG VHWWLQJ

/RZðVSHHG VHWWLQJ

-RJ PRGH VHOHFWLRQ
6HFRQG DFFHOïîGHFHOï
WLPH VHOHFWLRQ

2XWSXW VWRS

5HVHW

)UHTXHQF\
VHWWLQJ
SRWHQWLRPHWHU

ìîë:ìN:

,QYHUWHU

2SHUDWLRQ SDQHO
0RWRU

*URXQG

$ODUP RXWSXW

&DOLEUDWLRQ
UHVLVWRU 0RYLQJ FRLO W\SH IUHTXHQF\ PHWHU

ìP$ IXOOðVFDOH

*URXQG

$

%

&

&RQQHFWLRQ ([DPSOH IRU ([WHUQDO 2SHUDWLRQ

1RWHã 7KH PRWRU DQG LQYHUWHU PXVW EH JURXQGHGï

)RU WKH JURXQGLQJ PHWKRGñ UHIHU WR 6HFWLRQ ìïäïæï
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õêô&RPELQHG RSHUDWLRQ õSHUIRUPLQJ RSHUDWLRQ E\

HQWHULQJ H[WHUQDO VLJQDO DV VWDUW VLJQDO DQG VHWWLQJ

UXQQLQJ IUHTXHQF\ IURP RSHUDWLRQ SDQHOô

0DNH FRQQHFWLRQV DV VKRZQ EHORZ DQG VHW ûêû LQ

3Uï æäñ RSHUDWLRQ PRGH VHOHFWLRQï

7KH UXQQLQJ IUHTXHQF\ LV VHW IURP WKH RSHUDWLRQ

SDQHO EXW WKH H[WHUQDO VLJQDOV DFFHSWHG DUH WKH

PXOWLðVSHHG VHWWLQJ VLJQDOV RQO\ï 7KH PXOWLðVSHHG

VHWWLQJ VLJQDOV RYHUULGH WKH GLJLWDO VHWWLQJ RQ WKH

RSHUDWLRQ SDQHOï

)RU (èíí ñ KRZHYHUñ ZKHQ WKH UXQQLQJ IUHTXHQF\

KDV EHHQ ZLWK WKH SRWHQWLRPHWHU RI WKH RSHUDWLRQ

SDQHOñ WKH PXOWLðVSHHG VHWWLQJ VLJQDOV DUH LQYDOLGï

1)%

,0

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

67)

675

056

5(6

6'

)5ð'8íé
+]
$
9

021 (;7 38

&21752/ 3$1(/

):'

02'(

6(7

5(9 ):'

6723
5(6(7

5(9

3RZHU
VXSSO\

)RUZDUG URWDWLRQ VWDUW

5HYHUVH URWDWLRQ VWDUW

2XWSXW VWRS

5HVHW

,QYHUWHU

2SHUDWLRQ SDQHO 0RWRU

*URXQG

$ODUP RXWSXW

*URXQG

1RWHã 7KH PRWRU DQG LQYHUWHU
PXVW EH JURXQGHGï
)RU WKH JURXQGLQJ PHWKRGñ
UHIHU WR 6HFWLRQ ìïäïæï

$

%

&

&RQQHFWLRQ ([DPSOH IRU &RPELQHG 2SHUDWLRQ >VWDUWã H[WHUQDO VLJQDOñ UXQQLQJ IUHTXHQF\ã RSHUDWLRQ SDQHO@

õéô&RPELQHG RSHUDWLRQ õSHUIRUPLQJ RSHUDWLRQ E\

SURYLGLQJ VWDUW VLJQDO IURP RSHUDWLRQ SDQHO DQG

VHWWLQJ UXQQLQJ IUHTXHQF\ IURP H[WHUQDO

SRWHQWLRPHWHUô &20021

0DNH FRQQHFWLRQV DV VKRZQ EHORZ DQG VHW ûéû LQ

3Uï æäñ RSHUDWLRQ PRGH VHOHFWLRQï
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,0

5 õ/ìô

6 õ/ëô
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:
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ìí

ë

è

3RZHU
VXSSO\

0XOWLðVSHHG
VHOHFWLRQ

+LJKðVSHHG VHWWLQJ

0LGGOHðVSHHG VHWWLQJ

/RZðVSHHG VHWWLQJ

-RJ PRGH VHOHFWLRQ
6HFRQG DFFHOïîGHFHOï

WLPH VHOHFWLRQ
2XWSXW VWRS

5HVHW

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ìîë:ìN:

,QYHUWHU

2SHUDWLRQ SDQHO 0RWRU

*URXQG

$ODUP RXWSXW

&DOLEUDWLRQ
UHVLVWRU )UHTXHQF\ PHWHU

*URXQG

1RWHã 7KH PRWRU DQG LQYHUWHU
PXVW EH JURXQGHGï
)RU WKH JURXQGLQJ PHWKRGñ
UHIHU WR 6HFWLRQ ìïäïæï

$

%

&

&RQQHFWLRQ ([DPSOH IRU &RPELQHG 2SHUDWLRQ >VWDUWã RSHUDWLRQ SDQHOñ UXQQLQJ IUHTXHQF\ã H[WHUQDO VLJQDO@
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õèô3URJUDPPHG RSHUDWLRQ $èíí

0DNH FRQQHFWLRQV DV VKRZQ EHORZ DQG DXWRPDWLF

RSHUDWLRQ LV SHUIRUPHG XQGHU WKH FRQWURO RI WKH

WLPHU LQ WKH LQYHUWHU DFFRUGLQJ WR WKH RSHUDWLRQ

WLPHñ IUHTXHQF\ DQG URWDWLRQ GLUHFWLRQ SUHVHW IURP

WKH RSHUDWLRQ SDQHOï

6HW ûèû LQ WKH RSHUDWLRQ PRGH VHOHFWLRQ 3Uï æä

DQG ûêû õSURJUDPPHG RSHUDWLRQ EORFN RXWSXWô LQ

WKH RXWSXW LQ WHUPLQDO IXQFWLRQ VZLWFKLQJ 3Uï æçï

1)%

,0

5 õ/ìô

6 õ/ëô

7 õ/êô
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&21752/ 3$1(/

):'

02'(

6(7

5(9 ):'

6723
5(6(7

5(9

)8

2/

,3)

68

6(

3RZHU
VXSSO\

3URJUDPPHG RSHUDWLRQ VWDUW

7LPHU UHVHW

*URXS VHOHFWLRQ

,QYHUWHU

2SHUDWLRQ SDQHO 0RWRU

*URXQG

*URXS RSHUDWLRQ VLJQDOV

7LPHðRXW VLJQDO

*URXQG

1RWHã 7KH PRWRU DQG LQYHUWHU
PXVW EH JURXQGHGï
)RU WKH JURXQGLQJ PHWKRGñ
UHIHU WR 6HFWLRQ ìïäïæï

&RQQHFWLRQ ([DPSOH IRU 3URJUDPPHG 2SHUDWLRQ

ìô 5HVWULFWLRQV RQ WKH RSHUDWLRQ PRGHï

'XULQJ SURJUDPPHG RSHUDWLRQñ QR 38 RSHUDWLRQVñ

H[WHUQDO RSHUDWLRQV DQG FRPELQHG RSHUDWLRQV FDQ

EH PDGHï

:KHQ WKH SURJUDPPHG RSHUDWLRQ VWDUW VLJQDO

õ67)ô DQG WLPHU UHVHW VLJQDO õ675ô DUH RQñ

VZLWFKLQJ EHWZHHQ WKH 38 RSHUDWLRQ PRGH DQG

H[WHUQDO RSHUDWLRQ PRGH FDQQRW EH GRQHï

6HWWLQJ ûèû õSURJUDPPHG RSHUDWLRQô LQ 3Uï æä

GLVDEOHV WKH IROORZLQJ IXQFWLRQV IURP EHLQJ XVHG LI

WKH FRUUHVSRQGLQJ LQERDUG RSWLRQ LV LQVWDOOHGã

2ULHQWDWLRQ FRQWURO

3/* IHHGEDFN FRQWURO

ìëðELW GLJLWDO LQSXW

3, FRQWURO

ëô ,QSXW WHUPLQDO LQIRUPDWLRQ

:KHQ WKH SURJUDPPHG RSHUDWLRQ LV SHUIRUPHG

E\ VHWWLQJ ûèû õSURJUDPPHG RSHUDWLRQô LQ

3Uï æäñ WKH IROORZLQJ WHUPLQDOV DUH PDGH YDOLG

DQG LQYDOLG DV LQGLFDWHG EHORZã

9DOLG DQG ,QYDOLG 7HUPLQDOV LQ 3URJUDPPHG 2SHUDWLRQ 0RGH

9DOLG

7HUPLQDOV

,QYDOLG

7HUPLQDOV

7HUPLQDOV 8VHG IRU

3URJUDPPHG 2SHUDWLRQ

5(6

056

57

&6

$8

6723

ë

é

ì

-2*

67)

675

5+

50

5/

êô 2SHUDWLRQ DW WKH WLPH RI LQVWDQWDQHRXV SRZHU

IDLOXUH

,I D SRZHU IDLOXUH RFFXUV GXULQJ SURJUDPPHG

RSHUDWLRQñ WKH PRWRU LV FRDVWHG DQG WKH LQWHPDO

WLPHU LV UHVHWï 7KHUHIRUH WKH SURJUDPPHG

RSHUDWLRQ LV QRW UHVWDUWHG ZKHQ WKH SRZHU LV

UHVWRUHGï

7R UHVWDUW WKH SURJUDPPHG RSHUDWLRQñ VZLWFK WKH

SURJUDPPHG RSHUDWLRQ VWDUW VLJQDO õWHUPLQDO 67)ô

RQFH RIIñ WKHQ RQï

7KH SURJUDPPHG RSHUDWLRQ LV WKHQ VWDUWHG IURP

WKH LQLWLDO VWDWHï

éô 6HWWLQJ RI RSHUDWLRQ WLPHñ IUHTXHQF\ DQG URWDWLRQ

GLUHFWLRQ

:LWK WKH DERYH WKUHH LWHPV GHILQHG DV RQH SRLQWñ

ìí SRLQWV DUH JURXSHG DV IROORZVã

1Rïì
ë
ê
é

ìí

1Rïìì

ëí

1Rïëì

êí

6HW 3RLQW
5RWDWLRQ 'LUHFWLRQñ

)UHTXHQF\ñ 6WDUWLQJ 7LPH

*URXS ì

*URXS ë

*URXS ê

}
}
}

3Uï ëíë
3Uï ëíì

3Uï ëíê
3Uï ëíé

3Uï ëìí

3Uï ëìì

3Uï ëëí

}
}
}

}
}

3Uï ëëì

3Uï ëêí

}
}
}

}
}
}

}
}
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8VH SDUDPHWHUV 3Uï ëíí WR 3Uï ëêë IRU WKLV VHWWLQJï

ëí+]
ìí+]

êè+]

êí+]

í ì ê

é

ç æïêí ä

)
RU
Z
D
UG

UR
WD
WLR
Q

5
H
Z
D
UG

UR
WD
WLR
Q

7LPH õWô

3URJUDPPHG 2SHUDWLRQ 6HWWLQJ ([DPSOH

1Rïì )RUZDUG URWDWLRQ DW ëí+]ñ ì KRXU í PLQXWHV

o 3Uï ëíì  ìñ ëíñ ìãíí

1Rïë 6WRSñ ê KRXUV í PLQXWHV

o 3Uï ëíë  íñ íñ êãíí

1Rïê 5HYHUVH URWDWLRQ DW êí+]ñ é KRXUV í PLQXWHV

o 3Uï ëíê  ëñ êíñ éãíí

1Rïé )RUZDUG URWDWLRQ DW ìí+]ñ ç KRXUV í PLQXWHV

o 3Uï ëíé  ìñ ìíñ çãíí

1Rïè )RUZDUG URWDWLRQ DW êè+]ñ æ KRXUV êí PLQXWHV

o 3Uï ëíè  ìñ êèñ æãêí

1Rïç 6WRSñ ä KRXUV í PLQXWHV

o 3Uï ëíç  íñ íñ äãíí

x 7LPH LV í ZKHQ ERWK WKH VWDUW DQG JURXS VHOHFW

VLJQDOV DUH LQSXWï

x ,I HLWKHU WKH VHW YDOXH RU WLPH LV ääääñ LW LV UHJDUGHG

DV QR VHWWLQJï

z 6HWWLQJ WKH IUHTXHQF\ DQG URWDWLRQ GLUHFWLRQ

38 6FUHHQ 'LVSOD\

5RWDWLRQ GLUHFWLRQ ìã IRUZDUG URWDWLRQñ ëã UHYHUVH URWDWLRQñ ê DQG XS  HUURUñ íã VWRS
)UHTXHQF\ íïì+] LQFUHPHQWV
x 7R PDNH D VWRSñ ZULWH í WR WKH URUDWLRQ GLUHFWLRQ DQG IUHTXHQF\ï
x 6HW ääää IRU QR VHWWLQJï

ëíì 6HW35* ì
'LUHFWLRQ ì
6HW
7LPH

êíïíí+]

z6HWWLQJ WKH WLPH

38 6FUHHQ 'LVSOD\

ëíì 6HW35* ì
'LUHFWLRQ ì
6HW
7LPH

êíïíí+]
é ã êíV

7R VHOHFW WKH WLPH XQLWñ XVH SDUDPHWHU 3Uï ëíí
õSURJUDPPHG RSHUDWLRQ PLQXWHîVHFRQG VHOHFWLRQôï
x 7KH LQSXW RI ìãåí õH[FHVV RI èä PLQXWHV RU èä VHFRQGVô UHVXOWV LQ HUURUï
x 6HW ääää IRU QR VHWWLQJï

LQ XQLWV RI PLQXWHV 3Uï ëíí  ìñ ê
LQ XQLWV RI VHFRQGV 3Uï ëíí  íñ ë

+RXU 0LQXWH
0LQXWH 6HFRQG

1RWHã :KHQ XVLQJ WKH RSHUDWLRQ SDQHO IRU VHWWLQJñ UHDG WKH SDUDPHWHUVñ WKHQ VHW WKH URWDWLRQ GLUHFWLRQñ

IUHTXHQF\ DQG WLPH RI GD\ LQ WKLV RUGHUï

z %DVH WLPH

3URJUDPPHG RSHUDWLRQ LV SHUIRUPHG XQGHU WKH

FRQWURO RI WKH LQWHUQDO WLPHU õ5$0ôï

Lô 7KH WLPHU UDQJH LV EHWZHHQ í DQG ääïèäï

:KHQ 3Uï ëíí  íñ WKH PD[LPXP WLPH LV ää

PLQXWHV èä VHFRQGV

:KHQ 3Uï ëíí  ìñ WKH PD[LPXP WLPH LV ää

KRXUV èä PLQXWHV

LLô 5HVHWWLQJ WKH EDVH WLPH

7KH EDVH WLPH LV FOHDUHG E\ WKH WLPHU UHVHW

WHUPLQDOñ LQYHUWHU UHVHW WHUPLQDOñ RU SRZHUðRIIï

LLLô 7KH EDVH WLPH PD\ EH VHW RSWLRQDOO\ LQ 3Uï ëêìï

7KLV FDQ EH XVHG IRU WLPH PDWFKLQJï

LYô:KHQ 3Uï ëíí  ë RU êñ WKH YROWDJH PRQLWRULQJ

YDOXH GLVSOD\HG LV UHSODFHG E\ WKH EDVH WLPHï

Yô 7LPHU DFFXUDF\

,QVWDQWDQHRXV HUURUã r íïìçV
&XPXODWLYH HUURU õr èíSSP GXH WR WKH DFFXUDF\

RI WKH FU\VWDO RVFLOODWRUô

)5ð$ LQGHSHQGHQWã (UURU RI PD[ï éïèV HYHU\

GD\ëé+U u çí u çí u èíSSP  éïêëV
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(6) Switch-over mode COMMON

By setting "6" in Pr. 79 "operation mode
selection", you can select between PU
operation, external operation and computer link
operation (when FR-A5NR option is used with
A500 ) while continuing the operating status.

Corresponding

ModelOperation Mode

Switching
Switching Operation/Operating Status

A500 E500

External operation to PU

operation

Select the PU operation mode.
• Rotation direction is the same as that of external operation.
• Set frequency is as set by the potentiometer (frequency setting potentiometer).

(Note that the setting will disappear when power is switched off or the inverter is
reset.)

¡ ¡

External operation to

computer link operation

Mode change command to computer link mode is transmitted from the computer.
• Rotation direction is the same as that of external operation.
• Set frequency is as set by the potentiometer (frequency setting potentiometer).

(Note that the setting will disappear when power is switched off or the inverter is
reset.)

¡

(Note 1)
×

PU operation to external

operation

Press the external operation key of the parameter unit.

• Rotation direction is determined by the external operation input signal.

• Set frequency is determined by the external frequency setting signal.

¡ ¡

PU operation to

computer link operation

Mode change command to computer link mode is transmitted from the computer.

• Rotation direction and set frequency are the same as those of PU operation.

¡

(Note 1)
×

Computer link operation

to external operation

The switch-over command to the external mode is sent from the computer.

• Rotation direction is determined by the external operation input signal.

• Set frequency is determined by the external frequency setting signal.

¡

(Note 1)
×

Computer link operation

to PU operation

Select the PU operation mode with the operation panel or parameter unit.

• Rotation direction and set frequency are the same as those of computer link

operation.

¡

(Note 1)
×

Note: 1. Computer link operation is enabled when the FR-A5NR option is used with A500 .

2. When switch-over is selected for E500 , the potentiometer setting of the operation panel is made invalid if Pr.  146 = 1 or

9999.

(7)PU operation interlock (edit enable signal)
COMMON

Make connections as shown below and set "7" in
Pr.  79, operation mode selection. Switching ON-

OFF the signal across X12 (MRS)-SD allows PU
operation to be interlocked.

Note: 1. The X12 signal may be assigned to any
terminal for A500  only.

2. For E500  and A500 , if the X12 signal is
not assigned to any terminal, the MRS
signal acts as the PU operation interlock
signal and the ordinary output stop function
in the PU operation mode is not activated.

NFB

IM

R (L1)

S (L2)

T (L3)

U

V

W

STF

STR

X12(MRS)

SD

FR-DU04
Hz
A
V

MON EXT PU

CONTROL PANEL

FWD

MODE

SET

REV FWD

STOP
RESET

REV

Power
supply

Forward rotation start

Reverse rotation start

PU operation interlock

Inverter

Operation panel Motor

Ground

Ground

Note: The motor and inverter
         must be grounded.
         For the grounding method,
         refer to Section 1.9.7.

Connection Example for PU Operation Interlock
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7KH IROORZLQJ WDEOH LQGLFDWHV WKH IXQFWLRQV RI WKH

;ìë õ056ô VLJQDO ZKHQ WKH 3Uï æä VHWWLQJ LV æ õ38

RSHUDWLRQ LQWHUORFNôï

;ìë õ056ô 6LJQDO )XQFWLRQV

3Uï æä

6HWWLQJ
;ìë õ056ô ð6' )XQFWLRQ

6KRUWHG

õ21ô

x 2XWSXW VWRSSHG GXULQJ H[WHUQDO

RSHUDWLRQï

x 2SHUDWLRQ PRGH FDQ EH VZLWFKHG WR

38 RSHUDWLRQ PRGHï

x 3DUDPHWHU YDOXHV FDQ EH UHZULWWHQ LQ

38 RSHUDWLRQ PRGHï

x 38 RSHUDWLRQ DOORZHGï
æ

2SHQ

õ2))ô

x )RUFLEO\ VZLWFKHG WR H[WHUQDO RSHUDWLRQ

PRGHï

x ([WHUQDO RSHUDWLRQ DOORZHGï

x 6ZLWFKLQJ WR 38 RSHUDWLRQ PRGH

LQKLELWHGï

2SHUDWLRQ 0RGH 6ZLWFKLQJ 2SHUDWLRQ

2SHUDWLQJ &RQGLWLRQ

2SHUDWLRQ

PRGH
6WDWXV

;ìë õ056ôð6'

2SHUDWLRQ

0RGH

õ1RWH éô

2SHUDWLQJ 6WDWXV 3DUDPHWHU :ULWH

6ZLWFKLQJ

WR 38

2SHUDWLRQ

0RGH

'XULQJ VWRS
6KRUWHGo RSHQ

õ1RWH êô
'XULQJ VWRS $OORZHGo GLVDOORZHG 'LVDOORZHG

38
'XULQJ

RSHUDWLRQ

6KRUWHGo RSHQ

õ1RWH êô

([WHUQDO

,I H[WHUQDO RSHUDWLRQ

IUHTXHQF\ VHWWLQJ DQG

VWDUW VLJQDO DUH HQWHUHGñ

RSHUDWLRQ LV SHUIRUPHG LQ

WKDW VWDWXVï

$OORZHGo GLVDOORZHG 'LVDOORZHG

2SHQo VKRUWHG 'LVDOORZHGo GLVDOORZHG $OORZHG
'XULQJ VWRS

6KRUWHGo RSHQ
'XULQJ VWRS

'LVDOORZHGo GLVDOORZHG 'LVDOORZHG

2SHQo VKRUWHG
'XULQJ RSHUDWLRQ

o RXWSXW VWRS
'LVDOORZHGo GLVDOORZHG 'LVDOORZHG([WHUQDO

'XULQJ

RSHUDWLRQ
6KRUWHGo RSHQ

([WHUQDO

2XWSXW VWRS

o GXULQJ RSHUDWLRQ
'LVDOORZHGo GLVDOORZHG 'LVDOORZHG

1RWHã ìï )RU $èíí ñ ZKHQ 3Uï æä  æ DQG WKH 38 RSHUDWLRQ H[WHUQDO LQWHUORFN VLJQDO õ;ìë õ056ôô LV 2))ñ QHWZRUN RSHUDWLRQ VXFK DV

FRPSXWHU OLQN FDQQRW EH XVHGï

ëï ,I WKH ;ìë õ056ô VLJQDO LV RQñ WKH RSHUDWLRQ PRGH FDQQRW EH VZLWFKHG WR WKH 38 RSHUDWLRQ PRGH ZKHQ WKH VWDUW VLJQDO õ67)ñ

675ô LV RQï

êï 7KH RSHUDWLRQ PRGH VZLWFKHV WR WKH H[WHUQDO RSHUDWLRQ PRGH LQGHSHQGHQWO\ RI ZKHWKHU WKH VWDUW VLJQDO õ67)ñ 675ô LV RQ RU

RIIï 7KHUHIRUHñ WKH PRWRU LV UXQ LQ WKH H[WHUQDO RSHUDWLRQ PRGH ZKHQ WKH ;ìë õ056ô VLJQDO LV VZLWFKHG RII ZLWK HLWKHU RI 67) RU

675 RQï

éï :KHQ DQ DODUP RFFXUVñ WKH LQYHUWHU FDQ EH UHVHW E\ SUHVVLQJ WKH >5(6(7@ NH\ RI WKH RSHUDWLRQ SDQHOï

èï :KHQ WKH 056 VLJQDO LV XVHG DV WKH 38 LQWHUORFN VLJQDOñ VZLWFKLQJ WKH 056 VLJQDO RQ DQG UHZULWLQJ WKH 3Uï æä YDOXH WR

RWKHU WKDQ æ LQ WKH 38 RSHUDWLRQ PRGH FDXVHV WKH 056 VLJQDO WR SURYLGH WKH RUGLQDU\ 056 IXQFWLRQ õRXWSXW VWRSôï $OVRñ DV

VRRQ DV æ LV VHW LQ 3Uï æäñ WKH 056 VLJQDO DFWV DV D 38 LQWHUORFN VLJQDOï

çï )RU $èíí ñ ZKHQ WKH 056 VLJQDO LV XVHG DV WKH 38 RSHUDWLRQ H[WHUQDO LQWHUORFN VLJQDOñ WKH VLJQDO ORJLF FRQIRUPV WR WKH 3Uï

ìæ VHWWLQJï :KHQ 3Uï ìæ  ëñ 21 LQ WKH DERYH GHVFULSWLRQ LV UHSODFHG E\ 2)) DQG 2)) E\ 21ï
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õåô2SHUDWLRQ PRGH VZLWFKLQJ E\ H[WHUQDO VLJQDO
&20021

0DNH FRQQHFWLRQV DV VKRZQ EHORZ DQG VHW ûåûLQ

3Uï æäñ RSHUDWLRQ PRGH VHOHFWLRQï 7KH RSHUDWLRQ

PRGH FDQ EH FKDQJHG E\ VZLWFKLQJ 21ð2)) WKH

VLJQDO DFURVV ;ìçð6'ï

3Uï æä

6HWWLQJ
;ìçð6'

)L[HG

0RGH
5HPDUNV

6KRUWHG

õ21ô

([WHUQDO

RSHUDWLRQ

PRGH

&DQQRW EH FKDQJHG WR 38

RSHUDWLRQ PRGHï

å

2SHQ

õ2))ô

38

RSHUDWLRQ

PRGH

&DQQRW EH FKDQJHG WR

H[WHUQDO RSHUDWLRQ PRGHï

6KRUW ;ìçð6' LQ WKH 38 RSHUDWLRQ PRGH WR IRUFLEO\

FKDQJH LW WR WKH H[WHUQDO RSHUDWLRQ PRGHï 2SHQ

;ìçð6' WR VZLWFK WR WKH 38 RSHUDWLRQ PRGHï

1RWH WKDW WKLV VZLWFKLQJ LV RQO\ HQDEOHG GXULQJ DQ

LQYHUWHU VWRS DQG FDQQRW EH GRQH GXULQJ RSHUDWLRQï

1RWHã $OORFDWH WKH ;ìç VLJQDO WR DQ\ RI WKH LQSXW

WHUPLQDOVï

1)%

,0

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

67)

675

;ìç

6'

)5ð'8íé
+]
$
9

021 (;7 38

&21752/ 3$1(/

):'

02'(

6(7

5(9 ):'

6723
5(6(7

5(9

3RZHU
VXSSO\

)RUZDUG URWDWLRQ VWDUW

5HYHUVH URWDWLRQ VWDUW

2SHUDWLRQ PRGH VZLWFKLQJ

,QYHUWHU

2SHUDWLRQ SDQHO 0RWRU

*URXQG

*URXQG

1RWHã 7KH PRWRU DQG LQYHUWHU
PXVW EH JURXQGHGï
)RU WKH JURXQGLQJ PHWKRGñ
UHIHU WR 6HFWLRQ ìïäïæï

&RQQHFWLRQ ([DPSOH IRU 2SHUDWLRQ 0RGH 6ZLWFKLQJ E\ ([WHUQDO 6LJQDO
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ìïçïë 3DUDPHWHU ZULWH LQKLELW VHOHFWLRQ > 3Uï ææ@ &20021

:ULWLQJ FDQ EH LQKLELWHG VR WKDW WKH IXQFWLRQV VHW IURP

WKH RSHUDWLRQ SDQHO FDQQRW EH FKDQJHG DFFLGHQWDOO\ï

3DUDPHWHU

1XPEHU

6HW

9DOXH
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í

3DUDPHWHU ZULWH HQDEOHG

RQO\ GXULQJ D VWRS LQ 38

RSHUDWLRQ PRGH

{

ì 3DUDPHWHU ZULWH GLVDEOHG �
ææ

ë
:ULWH DOZD\V HQDEOHG

LQFOXGLQJ GXULQJ RSHUDWLRQ
�

1RWHã ìï $IWHU SDUDPHWHU ZULWH LV LQKLELWHGñ ZULWH LV

RQO\ HQDEOHG IRU 3Uï ææ DQG 3Uï æäï

$IWHU FKDQJLQJ WKH 3Uï ææ YDOXH WR í WR

HQDEOH SDUDPHWHU ZULWHñ FKDQJH WKH VHW

YDOXH RI WKH IXQFWLRQ ZKLFK UHTXLUHV

FKDQJLQJï

ëï :KHQ RSHUDWLRQ PRGH VHOHFWLRQ õ 3Uï æäô LV

H[WHUQDO RSHUDWLRQ RQO\ õVHW YDOXH ëôñ

FKDQJH WKH 3Uï æä YDOXH WR í RQFHñ FKRRVH

WKH 38 RSHUDWLRQ PRGHñ DQG VHOHFW

SDUDPHWHU ZULWH LQKLELWï

/LVW RI ([FHSWLRQV WR 3Uï ææñ 3DUDPHWHU :ULWH ,QKLELW 6HOHFWLRQñ IRU $èíí

3Uï ææ 6HWWLQJ
í õ:ULWH HQDEOHG RQO\ GXULQJ VWRS LQ 38

RSHUDWLRQ PRGHô
ì õ:ULWH LQKLELWô

ë õ:ULWH DOZD\V

HQDEOHGô

38 õ38ò(ô (;7 38ò( 35* 38 38ò( (;7 35*
2SHUDWLRQ PRGH

3Uï æä VHWWLQJ íñ ìñ ê

æñ å
è íñ ëñ æñ å é è íñ ìñ èñ æñ å ê é íñ ë è

í WR

éñ æñ å
è

38 RSHUDWLRQ IUHTXHQF\ { � { � � {

3Uï é WR çñëëñëé WR ëæñ

èë WR èçñæèñìçíñëêë WR

ëêäñëæì WR ëæéñäííñäíì

{ { u {

3Uï æëñëéí { u { u {

3Uï ëíí WR ëêì u { u u { u u {

3Uï ææ { u { u { u {

3Uï æä u
u

õ:ULWH HQDEOHG GXULQJ

VWRSô

{ u

5HPDUNV

{ ,QGLFDWHV WKDW ZULWH LV DOVR HQDEOHG

GXULQJ RSHUDWLRQï

u ,QGLFDWHV WKDW ZULWH LV GLVDEOHG GXULQJ

RSHUDWLRQ LQ H[WHUQDO RSHUDWLRQ PRGHï

{ ,QGLFDWHV WKDW ZULWH LV HQDEOHGï

u ,QGLFDWHV WKDW ZULWH LV GLVDEOHGï

{ ,QGLFDWHV WKDW ZULWH

LV DOZD\V HQDEOHGï

u ,QGLFDWHV WKDW ZULWH

LV GLVDEOHG GXULQJ

RSHUDWLRQï

1RWHã )RU $èíí ñ 3Uï ëêñ éåñ éäñ çíñ çìñ ççñ æìñ æä WR åìñ åêñ åéñ äèñ äçñ ìíí WR ìíäñ DQG ìêè WR ìêä DUH

ZULWHðGLVDEOHG GXULQJ LQYHUWHU RSHUDWLRQ LI ZULWH LV DOZD\V HQDEOHGï
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/LVW RI ([FHSWLRQV WR 3Uï ææñ 3DUDPHWHU :ULWH ,QKLELW 6HOHFWLRQñ IRU (èíí

3Uï ææ 6HWWLQJ
í õ:ULWH HQDEOHG RQO\ GXULQJ VWRS

LQ 38 RSHUDWLRQ PRGHô
ì õ:ULWH LQKLELWô ë õ:ULWH DOZD\V HQDEOHGô

38õ38ò(ô (;7 38ò( 38 38ò( (;72SHUDWLRQ PRGH

3Uï æä VHWWLQJ íñ ìñ êñ æñ å íñ ëñ æñ å é íñ ìñ æñ å ê é íñ ë
í WR éñæñå

38 RSHUDWLRQ IUHTXHQF\ { � { � � {

3Uï é WR çñëëñëé WR ëæñèëñ

èé WR èçñëêë WR ëêä
{ { u {

3Uï æë { u { u {

3Uï ææ { u { { {

3Uï æä u
u

õ:ULWH HQDEOHG

GXULQJ VWRSô

{ u

5HPDUNV

{ ,QGLFDWHV WKDW ZULWH LV DOVR

HQDEOHG GXULQJ RSHUDWLRQï

u ,QGLFDWHV WKDW ZULWH LV GLVDEOHG

GXULQJ RSHUDWLRQ LQ H[WHUQDO

RSHUDWLRQ PRGHï

{ ,QGLFDWHV WKDW ZULWH LV HQDEOHGï

u ,QGLFDWHV WKDW ZULWH LV GLVDEOHGï

{ ,QGLFDWHV WKDW ZULWH LV

DOZD\V HQDEOHGï

u ,QGLFDWHV WKDW ZULWH LV

GLVDEOHG GXULQJ

RSHUDWLRQï

1RWHã 3Uï ëêñ ççñ æìñ æäñ äí DQG äç DUH ZULWHðGLVDEOHG GXULQJ LQYHUWHU RSHUDWLRQ LI ZULWH LV DOZD\V HQDEOHGï

ìïçïê 5HYHUVH URWDWLRQ SUHYHQWLRQ VHOHFWLRQ > 3Uï æå@ &20021

'LVDOORZV WKH PRWRU IURP UXQQLQJ RQO\ LQ WKH UHYHUVH

RU IRUZDUG GLUHFWLRQ ZKHQ LW LV GHVLUHG WR UXQ WKH

PRWRU RQO\ LQ RQH GLUHFWLRQï

7KLV IXQFWLRQ LV YDOLG LQ DQ\ RSHUDWLRQ PRGH IRU WKH

UHYHUVH RU IRUZDUG URWDWLRQ NH\ RQ WKH RSHUDWLRQ

SDQHO õSDUDPHWHU XQLWô DQG WKH UHYHUVH RU IRUZDUG

URWDWLRQ VWDUW LQSXW VLJQDO WHUPLQDO 675 RU 67)ï

3DUDPHWHU

1XPEHU

6HW

9DOXH
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í
%RWK IRUZDUG DQG

UHYHUVH URWDWLRQV DOORZHG
{

ì

5HYHUVH URWDWLRQ

GLVDOORZHG õIRUZDUG

URWDWLRQ RQO\ DOORZHGô

�
æå

ë

)RUZDUG URWDWLRQ

GLVDOORZHG õUHYHUVH

URWDWLRQ RQO\ DOORZHGô

�

ìïçïé )UHTXHQF\ UHVROXWLRQ &20021

7KH UXQQLQJ IUHTXHQF\ RI WKH LQYHUWHU FDQ EH VHW E\

HLWKHU WKH DQDORJ LQSXW WR WKH IUHTXHQF\ VHWWLQJ LQSXW

WHUPLQDO RU WKH GLJLWDO LQSXW IURP WKH RSHUDWLRQ SDQHO

RU SDUDPHWHU XQLWï 7KH RSHUDWLRQ SDQHO DOORZV

VHWWLQJ LQ LQFUHPHQWV RI íïíì+] XS WR ìíí+] DQG

íïì+] DW PRUH WKDQ ìíí+]ñ DQG WKH SDUDPHWHU XQLW

DOORZV VHWWLQJ LQ LQFUHPHQWV RI íïíì+] IURP LWV WHQð

NH\ SDGï

õìô2XWSXW IUHTXHQF\ UHVROXWLRQ &20021

)RU WKH RXWSXW IUHTXHQF\ UHVROXWLRQ 'I287ñ UHIHU
WR WKH FRPPRQ VSHFLILFDWLRQV LQ 6HFWLRQ ìïìïëï

7KH RXWSXW IUHTXHQF\ UHVROXWLRQ GRHV QRW

FKDQJH LI WKH RXWSXW IUHTXHQF\ YDULHV EHWZHHQ í

DQG éíí+]ï

'IRXW

2
XW
SX
WI
UH
TX
HQ
F\

6HW IUHTXHQF\

2XWSXW )UHTXHQF\ 5HVROXWLRQ
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õëô6HW IUHTXHQF\ UHVROXWLRQ &20021

7KH VHW IUHTXHQF\ UHVROXWLRQ IRU WKH GLJLWDO LQSXW LV

GHWHUPLQHG E\ WKH QXPEHU RI GLJLWV VHW E\ WKH

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWôï 7KH VHW

IUHTXHQF\ UHVROXWLRQ IRU WKH DQDORJ LQSXW LV

GHWHUPLQHG E\ WKH QXPEHU RI DQDORJðWRðGLJLWDO

FRQYHUWHU ELWVï

)RU D YROWDJH VLJQDOã

'I  
)UHTXHQF\ VHWWLQJ YROWDJH JDLQ õ3Uïäíêô

éíäç >+]@

)RU D FXUUHQW VLJQDOã

'I  
)UHTXHQF\ VHWWLQJ FXUUHQW JDLQ õ3Uïäíèô

éíäç >+]@

6HW )UHTXHQF\ 5HVROXWLRQ

,QSXW &RQGLWLRQ )UHTXHQF\ 5HVROXWLRQ õ ' Iô

$QDORJ LQSXW &20021 õ1RWH ìô

$FURVV ëðè

$FURVV ìðè õ1RWH ëô

$FURVV éðè

'I

ìîéíäç)
UH
TX
HQ
F\

)RU KRZ WR ILQG 'Iñ
VHH DERYHï

í9 WR è9

í9 WR ìí9

íP$ WR ëíP$ 7HUPLQDO é

)UHTXHQF\ VHWWLQJ LQSXW VLJQDO

'LJLWDO LQSXW

õ6HWWLQJ IURP RSHUDWLRQ SDQHO RU

SDUDPHWHU XQLWô

'I  íïíì+]
õ'I  íïì+] DW OHVV WKDQ ìíí+] IRU RSHUDWLRQ SDQHOô

'LJLWDO LQSXW õ1RWH ìô

õ)URP RSWLRQô

'HSHQGV RQ WKH VHWWLQJ UHVROXWLRQ RI WKH )5ð$è$; õìëðELW GLJLWDO LQSXWôñ )5ð$è15 õFRPSXWHU

OLQNô RU RWKHU RSWLRQï

1RWHã ìï 6LQFH WKH IUHTXHQF\ UHVROXWLRQ LQ WKH LQYHUWHU LV íïíì+]ñ FRQWURO FDQQRW EH H[HUFLVHG LI WKH UHVROXWLRQ VHWWLQJ LV OHVV WKDQ

íïíì+]ï

ëï 7HUPLQDO ì LV QRW SURYLGHG IRU (èíí ï

ìïçïè 0RWRU IUHTXHQF\ñ VSHHG GLVSOD\ > 3Uï êæñ èèñ èçñ ìééóñ äííñ äíìó@
&20021

õó 3Uï ìéé DQG äíì DUH QRW SURYLGHG IRU (èíí ïô

7KH RXWSXW IUHTXHQF\ RI WKH LQYHUWHU FDQ EH GLVSOD\HG RQ WKH IUHTXHQF\ PRQLWRU RI WKH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWôï $OVR WKH RXWSXW FXUUHQW RI WKH RXWSXW WHUPLQDO )0 IRU PHWHU õIUHTXHQF\ PHWHUô FDQ EH

LQGLFDWHG E\ D ìP$ '& DPPHWHU HWFï

,Q DGGLWLRQñ WKH PRWRU VSHHG õUîPLQôñ ORDG VKDIW VSHHGñ OLQH VSHHG õPîPLQôñ HWFï FDQ EH GLVSOD\HGï

õìô 6SHHG GLVSOD\ > 3Uï êæñ 3Uï ìéé@

ìô $èíí

:KHQ WKH UXQQLQJ VSHHG PRQLWRU GLVSOD\ RI WKH

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô LV VHOHFWHGñ WKH

RXWSXW IUHTXHQF\ FDQ EH GLVSOD\HG LQ PRWRU

VSHHG õUîPLQô RU ORDG VSHHG õYDOXH SURSRUWLRQDO WR

WKH PRWRU VSHHGôï ,Q WKH 9î) PRGHñ WKH VSHHG

GLVSOD\HG GLIIHUV IURP WKH DFWXDO VSHHG E\ D

PRWRU VOLS YDOXH VLQFH WKH LQYHUWHU RXWSXW

IUHTXHQF\ LV GLVSOD\HG LQ WHUPV RI V\QFKURQRXV

VSHHGï 'XULQJ FRQVWDQWðVSHHG RSHUDWLRQñ WKH

PRWRU VSHHG LV DSSUR[LPDWH WR WKH GLVSOD\ YDOXH

EHFDXVH WKH PRWRU VOLS LV VHYHUDO SHUFHQWï

+RZHYHUñ GXULQJ DFFHOHUDWLRQîGHFHOHUDWLRQ RU

ORZðVSHHG RSHUDWLRQ

RI OHVV WKDQ DERXW ç+]ñ WKH DFWXDO VSHHG DQG

GLVSOD\ YDOXH PD\ GLIIHU JUHDWO\ï :KHQ WKH

DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO PRGH KDV

EHHQ VHOHFWHGñ WKLV GLVSOD\ SURYLGHV WKH

HVWLPDWHG YDOXH RI WKH DFWXDO VSHHG õHVWLPDWHG

YDOXH GHULYHG IURP PRWRU VOLS FDOFXODWLRQôï

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH
)DFWRU\
6HWWLQJ

êæ
6SHHG
GLVSOD\

íñ ì WR äääå
í

õ)UHTXHQF\
VHWWLQJô

ìéé
6SHHG VHWWLQJ
FKDQJHðRYHU

íñ ëñ éñ çñ åñ
ìíñ ìíëñ ìíéñ
ìíçñ ìíåñ ììí

é
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6HW WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO LQ 3Uï éå DQG
3Uï ììéï

5HIHU WR WKH IROORZLQJ OLVW WR VHW YDOXHV LQ 3Uï éä DQG
3Uï ììèï
3Uï ììé DQG 3Uï ììè DUH PDGH YDOLG E\ VZLWFKLQJ RQ

WKH ;ä VLJQDOï 6HW ûäû LQ DQ\ RI 3Uï ìåí WR 3Uï ìåç WR

DOORFDWH WKH WHUPLQDO XVHG WR LQSXW WKH ;ä VLJQDOï

%\ FKDQJLQJ WKH 3Uï êæ DQG 3Uï ìéé YDOXHVñ WKH

XQLWV RI WKH UXQQLQJ VSHHG VHWWLQJ LQ WKH 38

RSHUDWLRQ PRGH DQG SDUDPHWHU VHWWLQJ XVHG IRU

IUHTXHQF\ VHWWLQJ FDQ EH FKDQJHG IURP WKH

IUHTXHQF\ WR WKH PRWRU VSHHG RU PDFKLQH VSHHGï

5HIHU WR WKH IROORZLQJ FRPELQDWLRQVã

5XQQLQJ

6SHHG

0RQLWRU

'LVSOD\

3DUDPHWHU 6HWWLQJ

8QLW

5XQQLQJ 6SHHG

6HWWLQJ 8QLW

3Uï êæ

6HWWLQJ

3Uï ìéé

6HWWLQJ

6SHHG RI

éðSROH

PRWRU

õUîPLQô

+] í í

í ë WR ìí

ì WR äääå ìíë WR ììí

0RWRU

VSHHG

õUîPLQô

UîPLQ

í ìíë WR ììí

+] ì WR äääå í0DFKLQH

VSHHG UîPLQ ì WR äääå ë WR ìí

1RWHã ìï 'XULQJ 3/* IHHGEDFN FRQWUROñ WKH GDWD

GLVSOD\HG LV WKH VDPH DV LQ DGYDQFHG

PDJQHWLF IOX[ YHFWRU FRQWUROï 1RWH WKDW WKH

VSHHG GLVSOD\HG LV WKH DFWXDO VSHHG IURP

WKH 3/*ï

ëï :KHQ WKH UXQQLQJ VSHHG GLVSOD\ KDV EHHQ

VHOHFWHG ZLWK ûíû VHW LQ 3Uï êæ DQG ûíû LQ
3Uï ìééñ WKH PRQLWRU GLVSOD\ VKRZV WKH

VSHHG UHIHUHQFH IRU D éðSROH PRWRU

õìåííUîPLQ LV GLVSOD\HG DW çí+]ôï

êï 7R FKDQJH WKH 38 PDLQ PRQLWRU õ38 PDLQ

GLVSOD\ô RU 38 OHYHO PHWHU õ38 OHYHO

GLVSOD\ôñ UHIHU WR 3Uï èë DQG 3Uï èêï

éï $V WKH RSHUDWLRQ SDQHO GLVSOD\ LV é GLJLWVñ

ûððððû LV GLVSOD\HG ZKHQ WKH PRQLWRUHG

YDOXH H[FHHGV ûääääûï

ëô (èíí

7KH VHWWLQJ PHWKRG LV VLPLODU WR WKDW RI $èíí EXW

RQO\ 3Uï êæ LV XVHG IRU VHWWLQJ DV LW GRHV QRW KDYH
3Uï ìééï

3DUDPHWHU

QXPEHU
1DPH 6HWWLQJ 5DQJH

)DFWRU\

6HWWLQJ

êæ
6SHHG

GLVSOD\
íñíïíì WR äääå

í

õ2XWSXW

IUHTXHQF\ô

7R GLVSOD\ WKH PDFKLQH VSHHGñ VHW WKH PDFKLQH

VSHHG IRU çí+] RSHUDWLRQ LQ 3Uï êæï

$OVRñ XVH WKH IUHTXHQF\ DV WKH XQLWV RI WKH UXQQLQJ

VSHHG VHWWLQJ LQ WKH 38 RSHUDWLRQ PRGH DQG

SDUDPHWHU VHWWLQJ XVHG IRU IUHTXHQF\ VHWWLQJï

1RWHã ìï 5HIHU WR 3Uï èë DQG 3Uï èê ZKHQ LW LV

GHVLUHG WR FKDQJH WKH PRQLWRU õ38 PDLQ

GLVSOD\ô RI WKH RSHUDWLRQ SDQHO RU WKH 38

OHYHO PHWHU õ38 OHYHO GLVSOD\ôï

ëï $V WKH RSHUDWLRQ SDQHO VKRZV D YDOXH LQ é

GLJLWVñ DQ\ PRQLWRU YDOXH RYHU ûääääû LV

VKRZQ DV ûððððûï

õëô2XWSXW VLJQDO RI PHWHU õIUHTXHQF\ PHWHUô WHUPLQDO

)0 &20021 > 3Uï èèñ 3Uï èçñ 3Uï äíí@

6HW DQ\ RI ûìñ ëñ èñ çñ ììñ ìæ DQG ìåû LQ 3Uï èé õ)0

WHUPLQDO IXQFWLRQ VHOHFWLRQô WR RXWSXW D SXOVH WUDLQ

RI FRQVWDQW SXOVH ZLGWK SURSRUWLRQDO WR WKH

IUHTXHQF\ õFXUUHQWô IURP WHUPLQDO )0ï õ1RWH ìô

7HUPLQDO )0 LV IDFWRU\ðVHW WR RXWSXW D SXOVH WUDLQ

RI DSSUR[LPDWHO\ êïè9'& õ1RWH ëô DYHUDJH

YROWDJH DQG ëé WLPHV KLJKHU VSHHG WKDQ WKH

RXWSXW IUHTXHQF\ DW WKH RXWSXW IUHTXHQF\ RI çí+]

ZLWK WHUPLQDOV )0ð6' RSHQï 7KH RXWSXW RI

WHUPLQDO )0 FDQ EH SURYLGHG ZLWK UHIHUHQFH WR WKH

IUHTXHQF\ PRQLWRULQJ YDOXH õ 3Uï èèô RU WKH

FXUUHQW PRQLWRULQJ YDOXH õ 3Uï èçô GHSHQGLQJ RQ

WKH VHWWLQJ RI 3Uï èé õ)0 WHUPLQDO IXQFWLRQ

VHOHFWLRQôï

1RWHã ìï )RU (èíí ñ VHWWLQJ ûíû õIDFWRU\ VHWWLQJô LQ
3Uï èé õ)0 WHUPLQDO IXQFWLRQ VHOHFWLRQô

SURYLGHV WKH RXWSXW IUHTXHQF\ DQG VHWWLQJ

ûìû RXWSXWV D SXOVH WUDLQ SURSRUWLRQDO WR WKH

RXWSXW FXUUHQWï

ëï $SSUR[LPDWHO\ éïæ9 IRU (èíí ï

3DUDPHWHU

QXPEHU
1DPH 6HWWLQJ 5DQJH

)DFWRU\

6HWWLQJ

èè

)UHTXHQF\

PRQLWRULQJ

UHIHUHQFH VHWWLQJ

í WR éíí+] çí+]

èç
&XUUHQW PRQLWRULQJ

UHIHUHQFH VHWWLQJ
í WR èíí$

5DWHG

RXWSXW

FXUUHQW

äíí

0HWHU õIUHTXHQF\

PHWHUô FDOLEUDWLRQ

õDYHUDJH RXWSXW

YROWDJHô

$SSUR[LPDWHO\

í WR å9

õ1RWH ëô

$SSUR[Lð

PDWHO\

êïè9
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The average output voltage and pulse speed across
terminals FM-SD can be changed.
The function of changing the average output voltage
across terminals FM-SD is used to calibrate a 1mA
meter (frequency meter). The function of changing
the pulse speed can be used at the maximum
operating output frequency of 100Hz or higher or to
maintain the compatibility with the FR-K/K3/K400
series inverters. (See the table below.)

Compatibility with Pulse Trains of FR-K/K3/K400
Series Inverters

Max. Inverter

Output

Frequency

Pr.  55

Setting

Pulse Speed

60Hz 60 24  inverter output

frequency

120Hz 120 12  inverter output

frequency

240Hz 240 6  inverter output

frequency

1) Frequency monitoring reference setting [ Pr.  55]
Set the inverter output frequency (Note) so that
the pulse speed at terminal FM is 1440 [pulses/s].
As shown on the top right, the pulse speed is
proportional to the inverter output frequency. Note
that the maximum speed of the pulse train is 2400
[pulses/s].

Note: For A500 , Pr.  54 allows the output frequency
to be replaced by the other frequency
depending on its setting. (Refer to Section
1.6.18.)

2400

1440

1Hz 60Hz 400Hz

P
ul

se
 s

pe
ed

 (
pu

ls
es

/s
)

Output frequency (Note)

(Factory setting)

Pr. 55 setting range

Terminal FM Pulse Speed (Frequency reference)

2) Current monitoring reference setting [ Pr. 56]
Set the current reference value (refer to Section
1.6.18) so that the pulse speed at terminal FM is
1440 [pulses/s]. As shown below, the pulse speed
is proportional to the inverter output current. Note
that the maximum speed of the pulse train is 2400
[pulses/s].

2400

1440

500A

P
ul

se
 s

pe
ed

 (
pu

ls
es

/s
)

Rated output current
(Factory setting)

Pr. 56 setting range

Terminal FM Pulse Speed (Current reference)

3) Meter (frequency meter) calibration [ Pr.  900]
The output voltage of terminal FM has a pulse
waveform as shown below.
Connect an analog frequency meter (1mA moving-
coil type DC ammeter) across inverter terminals
FM-SD, call Pr.  900, and press the  /  key
as appropriate. This changes the pulse width and
the average value of the output voltage, thus
allowing the frequency meter to be calibrated.

Approximately
8VDC

Variable by Pr. 900

1/pulse speed (set in Pr. 55)

Output Waveform of Terminal FM

(3)Output signal of analog output terminal AM
[ Pr.  55, Pr.  56, Pr. 901] A500

Set any of "1, 2, 5, 6, 11, 17 and 18" in Pr.  158
(AM terminal function selection) to output an
analog voltage proportional to the frequency
(current) from terminal AM. Terminal AM is
factory-set to output an approximately 10VDC
voltage at the output frequency of 60Hz when
terminals AM-5 are opened. The maximum output
voltage is 10VDC.
The output of terminal AM can be selected
between the frequency monitoring reference and
the current monitoring reference depending on
the Pr.  54 setting. (Refer to Section 1.6.18.)

1) Frequency monitoring reference setting [ Pr.  55]
Set the frequency reference value (refer to Section
1.6.18) so that the output voltage of terminal AM is
10VDC.
As shown below, the output voltage is proportional
to the frequency.
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2
XW
SX
WY
RO
WD
JH

õ)DFWRU\ VHWWLQJô

3Uï èè VHWWLQJ

2XWSXW 9ROWDJH RI 7HUPLQDO $0

õ)UHTXHQF\ UHIHUHQFHô

ëô &XUUHQW PRQLWRULQJ UHIHUHQFH VHWWLQJ > 3Uï èç@

6HW WKH FXUUHQW UHIHUHQFH YDOXH õUHIHU WR 6HFWLRQ

ìïçïìåô VR WKDW WKH RXWSXW YROWDJH RI WHUPLQDO $0 LV

ìí9'&ï

$V VKRZQ EHORZñ WKH RXWSXW YROWDJH LV SURSRUWLRQDO

WR WKH FXUUHQW YDOXHï

ìí9 '&

èíí$

2
XW
SX
WY
RO
WD
JH

5DWHG RXWSXW FXUUHQW
õ)DFWRU\ VHWWLQJô

3Uï èç VHWWLQJ

2XWSXW 9ROWDJH RI 7HUPLQDO $0

õ&XUUHQW UHIHUHQFHô

êô 2XWSXW YROWDJH FDOLEUDWLRQ > 3Uï äíì@

7KH RXWSXW YROWDJH RI WHUPLQDO $0 LV DQ DQDORJ

YROWDJH RI í WR ìí9'&ï &DOO 3Uï äíì DQG SUHVV

WKH î NH\ DV DSSURSULDWHï 7KLV FKDQJHV WKH

RXWSXW YROWDJH DQG DOORZV FDOLEUDWLRQï
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åì

ìïçïç )UHTXHQF\ VHWWLQJ
> 3Uï é WR çñ ìèñ ìçñ ëé WR ëåóñ êåóñ êäóñ èäñ æêñ ëêë WR ëêäñ äíë WR
äíèñ äëëóñ äëêó@ &20021

õó 3Uï ëå LV QRW SURYLGHG IRU (èíí ï 3Uï êåñ êäñ äëë DQG äëê DUH QRW SURYLGHG IRU $èíí ô

6HW WKH IUHTXHQFLHV IURP WKH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWô RU XVLQJ WKH YROWDJH VLJQDOV RI WKH

IUHTXHQF\ VHWWLQJ LQSXW WHUPLQDOVï ,Q DGGLWLRQñ WKH

IUHTXHQFLHV FDQ EH VHW XVLQJ WKH FXUUHQW VLJQDO

WHUPLQDOñ RU IRU $èíí ñ IURP D SURJUDPPDEOH

FRQWUROOHU õ3&ô YLD WKH 3& OLQN XQLW õLQERDUG RSWLRQôñ

WKH GLJLWDO LQSXW XQLW õLQERDUG RSWLRQô HWFï )RU IXUWKHU

GHWDLOV RI WKH RSWLRQVñ UHIHU WR WKH FRUUHVSRQGLQJ

GRFXPHQWVï

õìô 38 RSHUDWLRQ PRGH õ2SHUDWLRQ PRGH LQGLFDWLRQ 38ñ

38 ò( ô &20021

ìô )RU FRQWLQXRXV RSHUDWLRQñ GLUHFWO\ HQWHU WKH

UXQQLQJ IUHTXHQF\ IURP WKH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWôï

ëô )RU (èíí ñ RSHUDWLRQ PD\ EH SHUIRUPHG ZLWK WKH

EXLOWðLQ SRWHQWLRPHWHU RI WKH RSHUDWLRQ SDQHOï )RU

GHWDLOV RQ PDNLQJ WKH EXLOWðLQ SRWHQWLRPHWHU

YDOLGñ UHIHU WR 6HFWLRQ ìïéïç õëôï

êô )RU MRJ RSHUDWLRQ õ38 RSHUDWLRQôñ GLUHFWO\ SUHVHW

WKH MRJ RSHUDWLRQ IUHTXHQF\ LQ 3Uï ìèï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ìè
-RJ

IUHTXHQF\

í WR

éíí+]
íïíì+] è+]

õëô0XOWLðVSHHG RSHUDWLRQ õ([WHUQDO RSHUDWLRQ PRGH ð

RSHUDWLRQ PRGH LQGLFDWLRQ (;7ñ 38 ò (ô

> 3Uï é WR çñ 3Uï ëé WR ëæñ 3Uï ëêë WR ëêä@ &20021

ìô 7R VSHFLI\ WKUHHðVSHHG RSHUDWLRQñ GLUHFWO\ VHW

WKH KLJKðVSHHGñ PLGGOHðVSHHG DQG ORZðVSHHG

UXQQLQJ IUHTXHQFLHV LQ WKH 38 RSHUDWLRQ PRGH

RU H[WHUQDO RSHUDWLRQ PRGHï 7KH\ PD\ EH

FKDQJHG GXULQJ RSHUDWLRQï õ)RU IXOO LQIRUPDWLRQ

RQ WKH RSHUDWLRQ SURFHGXUHñ UHIHU WR 6HFWLRQ

ìïéïæïô

ëô ,I WZR RU PRUH WHUPLQDOV RI 5+ñ 50 DQG 5/

KDYH EHHQ VZLWFKHG RQñ WKH ORZHU VSHHG

WHUPLQDO KDV SULRULW\ RYHU WKH RWKHUVï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

([WHUQDO

7HUPLQDO

1DPH

é

+LJK

VSHHG

õVSHHG ìô

çí+] 5+

è

0LGGOH

VSHHG

õVSHHG ëô

êí+] 50

ç

/RZ

VSHHG

õVSHHG êô

í WR

éíí+]
íïíì+]

ìí+] 5/

êô 0XOWLðVSHHG RSHUDWLRQ RI XS WR ìè VSHHGV FDQ

EH SHUIRUPHG WKURXJK WKH FRPELQDWLRQV RI LQSXW

VLJQDOV RI WKH H[WHUQDO WHUPLQDOV IRU PXOWLðVSHHG

RSHUDWLRQ õ5(;ñ 5+ñ 50ñ 5/ôï 'LUHFWO\ VHW WKH

UXQQLQJ IUHTXHQFLHV RI KLJKñ PLGGOH DQG ORZ

VSHHGV DQG VSHHGV é WR ìèñ DQG VWDUW

RSHUDWLRQï õ)RU GHWDLOV RI WKH RSHUDWLRQ

SURFHGXUHñ UHIHU WR 6HFWLRQ ìïéïæïô

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ëé WR ëæ
6SHHGV é

WR æ

ëêë WR

ëêä

6SHHGV å

WR ìè

í WR

éíí+]ñ

ääää

íïíì+] ääää

1RWHã ìï 6HWWLQJ RI ääää LQ DQ\ IXQFWLRQ QXPEHU PDNHV WKH

FRUUHVSRQGLQJ VSHHG VHWWLQJ LQYDOLGï

ëï :KHQ ääää KDV EHHQ VHW WR DOO RI VSHHGV é WR ìèñ WKUHHð

VSHHG RSHUDWLRQ PD\ RQO\ EH SHUIRUPHGï

êï 7KH IUHTXHQFLHV RI VSHHGV ì WR ìè FDQ EH FKDQJHG IURP

WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô GXULQJ RSHUDWLRQï

éô :KHQ WKH IUHTXHQF\ VHWWLQJ LV PDGH LQ WKH 38
PRGH IRU FRPELQHG RSHUDWLRQñ WKH H[WHUQDO
WHUPLQDOV IRU PXOWLðVSHHG RSHUDWLRQ DUH PDGH
YDOLGï õ+RZHYHUñ WKH\ DUH LQYDOLG GXULQJ
RSHUDWLRQ XVLQJ WKH EXLOWðLQ SRWHQWLRPHWHU IRU
(èíí ïô

õêô$QDORJ LQSXW õ([WHUQDO RSHUDWLRQ PRGHô &20021

,Q WKH H[WHUQDO IUHTXHQF\ VHWWLQJñ WKH IUHTXHQFLHV

FDQ EH VHW E\ DQDORJ LQSXWV RI è9'&ñ ìí9'& DQG

ëíP$'& DQG WKHLU FRPELQDWLRQV DV LQGLFDWHG RQ

WKH IROORZLQJ SDJHã
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åë

$QDORJ ,QSXW 7\SHV RI $èíí

,QSXW

õ'&ô

,QSXW

7HUPLQDOV

,QSXW

5HVLVWDQFH

'& 3RZHU

6XSSO\

6HOHFWHG 6LJQDOV DQG

5HODWHG 3DUDPHWHUV

$X[LOLDU\ ,QSXW

2YHUULGH

)DFWRU\

6HWWLQJ

5HIHU WR

6HFWLRQ

í WR òè9 ëðè ìíN:rìN:
%XLOWðLQ õWHUPLQDO

ìíô RU H[WHUQDO

5(;ñ 5+ñ 50ñ 5/

VLJQDOVïïï2))

3Uï æêñäíëñäíê

7HUPLQDO ì DX[LODU\

LQSXW
{

ìïçïçõéô

ìïçïçõèô

í WR òìí9 ëðè ìíN:rìN:
%XLOWðLQ õWHUPLQDO

ìí(ô RU H[WHUQDO

5(;ñ 5+ñ 50ñ 5/

VLJQDOVïïï2))

3Uï æêñäíëñäíê

7HUPLQDO ì DX[LODU\

LQSXW
�

ìïçïçõéô

ìïçïçõèô

é WR ëíP$ éðè ëèí:rëø ([WHUQDO
$8 VLJQDOïïï21

3Uï æêñäíéñäíè

7HUPLQDO ì DX[LODU\

LQSXW

7HUPLQDO ë RYHUULGH

{
ìïçïçõçô

ìïçïçõæô

í WR rè9 ìðè ìíN:rìN: ([WHUQDO 3Uï æêñäíëñäíê 7HUPLQDO ë RYHUULGH � ìïçïçõäô

í WR rìí9 ìðè ìíN:rìN: ([WHUQDO 3Uï æêñäíëñäíê 7HUPLQDO ë RYHUULGH � ìïçïçõäô

1RWHã 7KH LQSXW VLJQDO RI è9 RU ìí9 PD\ EH VHOHFWHG E\ XVLQJ 3Uï æêñ IUHTXHQF\ FRPPDQG YROWDJH UDQJH VHOHFWLRQï 8VH 3Uï äíë WR

3Uï äíè WR VHW IUHTXHQFLHV DW WKH PD[LPXP LQSXW YROWDJH DQG FXUUHQWï

$QDORJ ,QSXW 7\SHV RI (èíí

,QSXW

õ'&ô

,QSXW

7HUPLQDOV

,QSXW

5HVLVWDQFH
'& 3RZHU 6XSSO\

6HOHFWHG 6LJQDOV DQG 5HODWHG

3DUDPHWHUV

)DFWRU\

6HWWLQJ

5HIHU WR

6HFWLRQ

í WR rè9 ëðè ìíN:rìN:
%XLOWðLQ õWHUPLQDO ìíô

RU H[WHUQDO

5(;ñ 5+ñ 50ñ 5/ VLJQDOVïïï2))

3Uï êåñæêñäíëñäíê
{

ìïçïçõéô

ìïçïçõèô

í WR òìí9 ëðè ìíN:rìN: ([WHUQDO
5(;ñ 5+ñ 50ñ 5/ VLJQDOVïïï2))

3Uï êåñæêñäíëñäíê
�

ìïçïçõéô

ìïçïçõèô

é WR ëíP$ éðè ëèí:rëø ([WHUQDO
$8 VLJQDOïïï21

3Uï êäñäíéñäíè
�

ìïçïçõçô

ìïçïçõæô

1RWHã 7KH LQSXW VLJQDO RI è9 RU ìí9 PD\ EH VHOHFWHG E\ XVLQJ 3Uï æêñ IUHTXHQF\ FRPPDQG YROWDJH UDQJH VHOHFWLRQï 8VH 3Uï äíë WR

äíè WR VHW IUHTXHQFLHV DW WKH PD[LPXP LQSXW YROWDJH DQG FXUUHQWï

õéôíðè9îíðìí9 õIUHTXHQF\ FRPPDQG YROWDJH UDQJHô

VHOHFWLRQ > 3Uï æê@ &20021

ìô $èíí

'HSHQGLQJ RQ WKH 3Uï æê VHWWLQJñ WKH DQDORJ

LQSXWV õIUHTXHQF\ VHWWLQJ LQSXW VLJQDOVô FDQ EH

FRPELQHG DV GHVFULEHG EHORZã

Dô 7KH LQSXW YROWDJH RI WHUPLQDO ë LV XVHG

LQGHSHQGHQWO\ DV í WR è9 RU í WR ìí9ï

Eô %\ HQWHULQJ LQSXW õí WR rè9 RU í WR rìí9ô WR
WHUPLQDO ìñ IRUZDUGðUHYHUVH URWDWLRQ

VZLWFKLQJ RSHUDWLRQ FDQ EH SHUIRUPHG

GHSHQGLQJ RQ WKH SRODULW\ñ DV ZLWK D VHUYRï

>3RODULW\ UHYHUVLEOH RSHUDWLRQ@

Fô 7KH YDOXH REWDLQHG E\ DGGLQJ WKH DX[LOLDU\

LQSXW õrLQSXWô RI WHUPLQDO ì WR WKH PDLQ

VSHHG VHWWLQJ VLJQDO RI WHUPLQDO ë FDQ EH

XVHG DV IUHTXHQF\ VHWWLQJï >$X[LOLDU\ LQSXW

RSHUDWLRQ@

Gô 7KH VLJQDO RI WHUPLQDO ì LV XVHG DV WKH PDLQ

VSHHG VHWWLQJ VLJQDO DQG RSHUDWLRQ LV

SHUIRUPHG DW WKH IUHTXHQF\ VHWWLQJ GHULYHG

E\ PXOWLSO\LQJ WKH VLJQDO E\ èí WR ìèíø

DFFRUGLQJ WR WKH í WR è9 õRU í WR ìí9ô VLJQDO

RI WHUPLQDO ëï >2YHUULGH IXQFWLRQ@

Hô 7KH é WR ëíP$ VLJQDO RI WHUPLQDO é FDQ EH

XVHG DV WKH PDLQ VSHHG VHWWLQJ VLJQDO WR

SHUIRUP WKH DX[LOLDU\ LQSXW RSHUDWLRQ DQG

RYHUULGH RSHUDWLRQ LQ WKH DERYH SDUDJUDSKV

Fô DQG Gôï

Iô %\ VHWWLQJ ûìû LQ 3Uï ëåñ PXOWLðVSHHG LQSXW

FRPSHQVDWLRQ VHOHFWLRQñ PXOWLSOH VSHHGV FDQ

EH XVHG DV WKH PDLQ VSHHG VHWWLQJ VLJQDOV WR

SHUIRUP WKH DX[LOLDU\ LQSXW RSHUDWLRQ DQG

RYHUULGH RSHUDWLRQ DV LQ WKH DERYH SDUDJUDSKV

Fô DQG Gôï

>2SHUDWLRQ E\ LQGHSHQGHQW FRPPDQG LQSXW@

:KHQ WKH IUHTXHQF\ VHWWLQJ VLJQDO LV LQSXW WR DQ\ RI

WHUPLQDOV ëñ ì DQG éñ RSHUDWLRQ LV SHUIRUPHG DW WKH

IUHTXHQF\ PDWFKLQJ WKH FRPPDQG YROWDJH UDQJH VHW LQ

3Uï æê DQG WKH JDLQ DQG ELDV VHW LQ 3Uï äíë WR

3Uï äíèï

>2SHUDWLRQ E\ VHYHUDO FRPPDQG LQSXWV@

:KHQ WKH IUHTXHQF\ VHWWLQJ VLJQDOV DUH LQSXW IURP

WZR RI WHUPLQDOV ëñ ì DQG éñ RSHUDWLRQ LV SHUIRUPHG

ZLWK WKH WZR VHWWLQJ VLJQDOV FRPSHQVDWHG IRU E\

DGGLWLRQ õRU RYHUULGHô DFFRUGLQJ WR WKH YDOXH VHW LQ

3Uï æêï
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åê

z $8ñ 5(;ñ 5+ñ 50ñ 5/ VLJQDOV ïïï 2))

3Uï æê 6HWWLQJ ,QSXW 9ROWDJH

&RPSHð

QVDWLRQ

:LWKRXW

SRODULW\

UHYHUVLEOH

:LWK SRODULW\

UHYHUVLEOH

7HUPLQDO ë

>9ë@

7HUPLQDO ì

>9ì@

,QSXW &XUUHQW

7HUPLQDO é

6HW )UHTXHQF\ )RUPXOD õ1RWHô

Iíã 3Uï äíê YROWDJH JDLQñ

3Uï äíë  í+]

í ìí í WR ìí9 Ií u õ9ë ò 9ìôîìí

ì

õIDFWRU\

VHWWLQJô

ìì í WR è9
í WR rìí9

Ií u õ9ë ò íïè9ìôîè

ë ìë í WR ìí9 Ií u õ9ë ò ë9ìôîìí

$GGLWLRQ

FRPSHQð

VDWLRQ

ê ìê í WR è9
í WR rè9

Ií u õ9ë ò 9ìôîè

é ìé í WR ìí9 í WR rìí9 Ií u 9ì u õ9ë ò èôîìíí
2YHUULGH

è ìè í WR è9 í WR rè9

,QYDOLG

Ií u 9ì u õ9ë ò ëïèôîëè

1RWHã 7KH PD[LPXP YDOXH LV Iíñ DQG WKH PLQLPXP YDOXH LV í+] ZLWKRXW SRODULW\ UHYHUVLEOH RU LV UHYHUVHðVLGH Ií ZLWK SRODULW\ UHYHUVLEOHï

õ1HJDWLYH YDOLGô

>([DPSOH@ :KHQ 3Uï æê  ìñ 9ë  ê9ñ 9ì  ðë9ñ 3Uï äíê  çí+]ñ DQG 3Uï äíë  í+]

6HW IUHTXHQF\  çí u õê ð íïè u ëôîè  ëé+]

z $8 VLJQDO ïïï 21ñ 5(;ñ 5+ñ 50ñ 5/ VLJQDOV ïïï 2))

3Uï æê 6HWWLQJ ,QSXW 9ROWDJH

&RPSHQð

VDWLRQ

:LWKRXW

SRODULW\

UHYHUVLEOH

:LWK SRODULW\

UHYHUVLEOH

7HUPLQDO ë

>9ë@

7HUPLQDO ì

>9ì@

,QSXW

&XUUHQW

7HUPLQDO é

>,@

6HW )UHTXHQF\ )RUPXOD õ1RWHô

Iíã 3Uï äíè YROWDJH JDLQñ

3Uï äíé  í+]Ií

í ìí Ií^õ, ð éôîìç ò 9ìîìí`

ì

õIDFWRU\

VHWWLQJô

ìì
í WR rìí9

Ií^õ, ð éôîìç ò 9ìîìí`

ë ìë í WR rè9 Ií^õ, ð éôîìç ò 9ìîè`

$GGLWLRQ

FRPSHQð

VDWLRQ

ê ìê

,QYDOLG

Ií^õ, ð éôîìç ò 9ìîè`

é � í WR ìí9 ,QYDOLG Ií u õ, ð éô u õ9ëòèôîìçí
2YHUULGH

è � í WR è9

í WR ëíP$

Ií u õ, ð é ô u õ9ëòëïèôîåí

1RWHã 7KH PD[LPXP YDOXH LV Iíñ DQG WKH PLQLPXP YDOXH LV í+] ZLWKRXW SRODULW\ UHYHUVLEOH RU LV QHJDWLYH õUHYHUVH URWDWLRQô YDOLG ZLWK

SRODULW\ UHYHUVLEOHï

z 0XOWLðVSHHG RSHUDWLRQ õDQ\ RI 5(;ñ 5+ñ 50 DQG 5/ VLJQDOV 21ô

3Uï æê 6HWWLQJ ,QSXW 9ROWDJH

3Uï ëå

6HWWLQJ
&RPSHQVDWLRQ :LWKRXW

SRODULW\

UHYHUVLEOH

:LWK

SRODULW\

UHYHUVLEOH

7HUPLQDO ë >9ë@
7HUPLQDO ì

>9ì@

,QSXW

&XUUHQW

7HUPLQDO é

6HW )UHTXHQF\ )RUPXOD

õ1RWHô

I5ã PXOWLðVSHHG VHWWLQJ

IUHTXHQF\

Iíã 3Uï äíê YROWDJH JDLQñ

3Uï äíë  í+]

í

õIDFWRU\

VHWWLQJô

1R � � ,QYDOLG ,QYDOLG I5

í ìí í WR rìí9 I5 ò õIí u 9ì îìíô

ì ìì I5 ò õIí u 9ì îìíô

ë ìë í WR rè9 I5 ò õIí u 9ì îèô

$GGLWLRQ

FRPSHQVDWLRQ

ê ìê

,QYDOLG

I5 ò õIí u 9ì îèô

é � í WR ìí9 ,QYDOLG I5u õ9ë ò èô îìí

ì

õZLWK

FRPSHð

QVDWLRQô
2YHUULGH

è � í WR è9

,QYDOLG

I5u õ9ë ò ëïèô îìí

1RWHã 7KH PD[LPXP YDOXH LV WKH PD[LPXP IUHTXHQF\ OLPLWñ DQG WKH PLQLPXP YDOXH LV í+] ZLWKRXW SRODULW\ UHYHUVLEOH RU LV QHJDWLYH

õUHYHUVH URWDWLRQô YDOLG ZLWK SRODULW\ UHYHUVLEOHï
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ëô (èíí

$Q LQGHSHQGHQW FRPPDQG LQSXW FDQ EH XVHG WR

SHUIRUP RSHUDWLRQï

:KHQ WKH IUHTXHQF\ VHWWLQJ VLJQDO LV HQWHUHG

LQWR DQ\ RI WHUPLQDOV ëñ ì DQG éñ RSHUDWLRQ LV

SHUIRUPHG DW WKH IUHTXHQF\ ZKLFK FRUUHVSRQGV

WR WKH FRPPDQG YROWDJH UDQJH VHW LQ 3Uï æêñ

WKH JDLQ LQ 3Uï êå RU 3Uï êäñ RU WKH JDLQ DQG

ELDV VHW LQ 3Uï äíë WR 3Uï äíèï

z $8ñ 5(;ñ 5+ñ 50ñ 5/ VLJQDOV ïïï 2))

3Uï æê 6HWWLQJ
,QSXW 9ROWDJH

7HUPLQDO ë >9ë@

,QSXW &XUUHQW

7HUPLQDO é

6HW )UHTXHQF\ )RUPXOD õ1RWHô

Iíã 3Uï êå RU 3Uï äíê JDLQñ 3Uï äíë  í+]

í õIDFWRU\ VHWWLQJô í WR è9 ,QYDOLG Ií u 9ëîè

ì í WR ìí9 Ií u 9ëîìí

1RWHã 7KH PD[LPXP YDOXH LV Ií DQG WKH PLQLPXP YDOXH LV í+]ï

z $8 VLJQDO ïïï 21ñ 5(;ñ 5+ñ 50ñ 5/ VLJQDOV ïïï 2))

6HW IUHTXHQF\ IRUPXOD õ1RWHô ,ã LQSXW FXUUHQWñ Ií  

3Uï êä RU 3Uï äíè FXUUHQW JDLQñ 3Uï äíé  í+]

éP$

1RWHã 7KH PD[LPXP YDOXH LV Ií DQG WKH PLQLPXP

YDOXH LV í+]ï

õèô)UHTXHQF\ VHWWLQJ YROWDJH ELDVñ JDLQ

> 3Uï êåñ äíëñ äíê@ &20021

ìô 6HW WKH UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\

VHWWLQJ LQSXW VLJQDO HQWHUHG DFURVV WHUPLQDOV ëð

è DQG WKH RXWSXW IUHTXHQF\ï

7KH UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\ VHWWLQJ

LQSXW YROWDJH DQG RXWSXW IUHTXHQF\ LV DV VKRZQ

RQ WKH ULJKWï

ëô :KHQ XVLQJ 3Uï äíë DQG 3Uï äíê WR VHW WKH

IUHTXHQF\ VHWWLQJ ELDV DQG JDLQñ D YROWDJH PD\

HLWKHU EH DSSOLHG RU QRW DSSOLHG WR DFURVV

WHUPLQDOV ëðèï

çí+]

í+]
í9 è9õìí9ô

6
H
WI
UH
T
X
HQ
F\

)DF
WRU\

VHW
WLQJ

9ROWDJH DSSOLHG WR DFURVV ëðè

3Uï äíê YDOXH

6HW LQ 3Uï æê

3Uï äíê3Uï äíë

)UHTXHQF\ 6HWWLQJ 9ROWDJH %LDVñ *DLQ
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:KHQ RSHUDWLRQ SDQHO õ)5ð'8íéô LV XVHG õ$èíí RQO\ô

6HOHFW WKH 38 RSHUDWLRQ PRGHï

5HDG 3Uï äíë õ 3Uï äíéô YDOXHï

3UHVV WKH >6(7@ NH\ï

8VLQJ WKH >83î'2:1@ NH\ñ VHW WKH
ELDV IUHTXHQF\ï

3UHVV WKH >6(7@ NH\ IRU DERXW ìïè
VHFRQGV

7KH ELDV YROWDJH õFXUUHQWô VHWWLQJ
IOLFNHUVï

3UHVV WKH >6(7@ NH\ï
7KH FXUVRU PRYHV WR WKH QH[W
SDUDPHWHUï

%LDV VHWWLQJ FRPSOHWHï

õìô $Q\ SRLQW LV DGMXVWHG ZLWK
D YROWDJH õFXUUHQWô DSSOLHG

õëô $Q\ SRLQW LV DGMXVWHG ZLWK
QR YROWDJH õFXUUHQWô DSSOLHG

õêô %LDV YROWDJH õFXUUHQWô
LV QRW DGMXVWHGï

$SSO\ WKH ELDV YROWDJH õFXUUHQWôï

3UHVV WKH >6(7@ NH\ IRU DERXW ìïè
VHFRQGVï

7KH DQDORJ YROWDJH õFXUUHQWô
PRQLWRU YDOXH DFURVV WHUPLQDOV
ëõéôðè LV GLVSOD\HGï

8VLQJ WKH >83î'2:1@ NH\ñ VHW
WKH ELDV YROWDJH õFXUUHQWô LQ øï
>íø IRU í9 õíP$ôñ ìííø IRU è9
õìí9ñ ëíP$ô@ õ1RWH ìô

:KHQ WKH >83@ RU >'2:1@ NH\
LV SUHVVHGñ WKH SUHVHQW VHWWLQJ LV
GLVSOD\HGï

ó 3Uï äíê WR 3Uï äíè FDQ DOVR EH DGMXVWHG
VLPLODU\ XVLQJ WKH DERYH SURFHGXUHï

1RWHã ìï )RU WKH YROWDJH DFURVV WKH IUHTXHQF\

VHWWLQJ SRZHU VXSSO\ WHUPLQDO ìí ð è õìí(

õQRW SURYLGHG IRU (èíí ôô EXLOW LQWR WKH

LQYHUWHUñ WKH YROWDJH VHW LQ 3Uï æê

õIUHTXHQF\ FRPPDQG YROWDJH UDQJH

VHOHFWLRQô LV XVHG DV UHIHUHQFHï

)RU $èíí

x 3Uï æê LV DQ\ RI ìñ êñ èñ ììñ ìê DQG ìèã è9

x 3Uï æê LV DQ\ RI íñ ëñ éñ ìíñ ìë DQG ìéã ìí9

)RU (èíí

x 3Uï æê LV íã è9

x 3Uï æê LV ìã ìí9

ëï ,I WKH 3Uï äíê RU 3Uï äíè õJDLQ DGMXVWPHQWô

YDOXH LV FKDQJHGñ WKH 3Uï ëí YDOXH GRHV

QRW FKDQJHï

7KH LQSXW VLJQDO WR WHUPLQDO ì õIUHTXHQF\

VHWWLQJ DX[LOLDU\ LQSXWô LV DGGHG WR WKH

IUHTXHQF\ VHWWLQJ VLJQDOï

êï )RU WKH RSHUDWLRQ SURFHGXUH XVLQJ WKH

SDUDPHWHU XQLW õ)5ð38íéôñ UHIHU WR WKH

)5ð38íé LQVWUXFWLRQ PDQXDOï

êô 6LQFH WKH YROWDJH õè9'&ríïë9 RU ìí9'&

ríïé9 õ1RWHôô DFURVV WKH IUHTXHQF\ VHWWLQJ

SRZHU VXSSO\ WHUPLQDO ìí ð è õìí( õ1RWHôô

YDULHV EHWZHHQ LQYHUWHUVñ WKH RXWSXW

IUHTXHQF\ ZLWK UHVSHFW WR WKH YROWDJH DFURVV

WKH IUHTXHQF\ VHWWLQJ LQSXW WHUPLQDO ëðè LVñ

VWULFWO\ VSHDNLQJñ GLIIHUHQW EHWZHHQ LQYHUWHUVï

:KHQ FRQWUROOLQJ VHYHUDO LQYHUWHUV XVLQJ
&20021 IUHTXHQF\ VHWWLQJ LQSXW VLJQDOVñ IRU

H[DPSOHñ WKH IUHTXHQF\ VHWWLQJ YROWDJH JDLQ

PXVW EH FDOLEUDWHG XVLQJ 3Uï äíêñ IUHTXHQF\

VHWWLQJ YROWDJH JDLQï

1RWHã 1RW SURYLGHG IRU (èíí ï



63(&,),&$7,216

åç

éô ,Q WKH H[WHUQDO RSHUDWLRQ PRGHñ WKH DQDORJ

IUHTXHQF\ VHWWLQJ YROWDJH DQG RXWSXW IUHTXHQF\

DUH IDFWRU\ðVHW VR WKDW WKH RXWSXW IUHTXHQF\ LV

í+] DW WKH LQSXW YROWDJH RI í9 DQG çí+] DW è9

õRU ìí9ôï 7KH\ DUH SURSRUWLRQDO WR HDFK RWKHU

EHWZHHQ WKH DERYH YDOXHV DV LQGLFDWHG E\ WKH

FRQWLQXRXV OLQH LQ WKH SUHYLRXV GLDJUDPï

7KLV UHODWLRQVKLS PD\ EH FKDQJHG DV GHVLUHG

DV LQGLFDWHG E\ WKH GRWWHG OLQHñ IRU H[DPSOHï

èô :KHQ DSSO\LQJ D YROWDJH IRU FDOLEUDWLRQñ WKH

GLIIHUHQFH EHWZHHQ WKH IUHTXHQF\ VHWWLQJ LQSXW

YROWDJHV LQ 3Uï äíë DQG 3Uï äíê VKRXOG EH QRW

OHVV WKDQ íïè9ï ,I LW LV OHVV WKDQ íïè9ñ D VHWWLQJ

HUURU ZLOO RFFXUï

çô 7KH OLQH õGRWWHG OLQHô FRQQHFWLQJ WKH

IUHTXHQFLHV VHW LQ 3Uï äíë DQG 3Uï äíê

UHSUHVHQWV WKH UHODWLRQVKLS EHWZHHQ WKH LQSXW

YROWDJH DQG VHW IUHTXHQF\ï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

äíë

)UHTXHQF\

VHWWLQJ

YROWDJH ELDV

í WR

çí+]
íïíì+] í+]

äíê

)UHTXHQF\

VHWWLQJ

YROWDJH JDLQ

ì WR

éíí+]
íïíì+] çí+]

æô )RU (èíí ñ WKH IUHTXHQF\ DW è9 õìí9ô LQSXW FDQ

EH VHW LQ 3Uï êåï 3Uï êå DOORZV WKH VHWWLQJ RI

WKH IUHTXHQF\ RQO\ DQG WKH YROWDJH VHW LQ

3Uï äíê õIDFWRU\ðVHW WR è9 õìí9ôô LV XVHG DV WKH

UHIHUHQFHï

çí+]

í+]
í9 è9õìí9ô

6
HW
IU
HT
XH
Q
F\

)DF
WRU\

VHW
WLQJ

9ROWDJH DSSOLHG WR DFURVV ëðè 6HW LQ 3Uï æê

9ROWDJH FDOLEUDWHG
LQ 3Uï äíê

3Uï êå

)UHTXHQF\ 6HWWLQJ 9ROWDJH %LDVñ *DLQ IRU (èíí

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

êå

)UHTXHQF\

DW è9 õìí9ô

LQSXW

ì WR

éíí+]
íïíì+] çí+]

õçô)UHTXHQF\ VHWWLQJ FXUUHQW ELDVñ JDLQ

> 3Uï êäñ äíéñ äíè@ &20021

ìô 6HW WKH UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\

VHWWLQJ LQSXW VLJQDO LQSXW WR WHUPLQDO é DQG WKH

RXWSXW IUHTXHQF\ï 7KH UHODWLRQVKLS EHWZHHQ WKH

IUHTXHQF\ VHWWLQJ LQSXW FXUUHQW DQG RXWSXW

IUHTXHQF\ LV DV VKRZQ EHORZï

ëô :KHQ VHWWLQJ WKH IUHTXHQF\ VHWWLQJ JDLQ LQ

3Uï äíèñ LW LV QRW QHFHVVDU\ WR LQSXW D FXUUHQW

DFURVV WHUPLQDOV éðèï +RZHYHUñ WKH LQSXW

LPSHGDQFH RI WKH IUHTXHQF\ VHWWLQJ FXUUHQW

LQSXW WHUPLQDO é YDULHV EHWZHHQ LQYHUWHUV

õëèí:rëøôï +HQFHñ WKH RXWSXW IUHTXHQF\ ZLWK

UHVSHFW WR WKH IUHTXHQF\ VHWWLQJ FXUUHQW LQSXW

LVñ VWULFWO\ VSHDNLQJñ GLIIHUHQW EHWZHHQ LQYHUWHUVï

:KHQ FRQWUROOLQJ VHYHUDO LQYHUWHUV XVLQJ
&20021 IUHTXHQF\ VHWWLQJ LQSXW VLJQDOVñ IRU

H[DPSOHñ LW LV QHFHVVDU\ WR PDNH FDOLEUDWLRQ

XVLQJ WKH IUHTXHQF\ VHWWLQJ FXUUHQW JDLQñ

3Uï äíèñ DQG ELDVñ 3Uï äíéï )RU WKH VHWWLQJ

PHWKRGñ UHIHU WR WKH 3Uï äíë DGMXVWPHQW

SURFHGXUH õ6HFWLRQ ìïçïç õèôôï

êô ,Q WKH H[WHUQDO RSHUDWLRQ PRGHñ WKH éðëíP$

IUHTXHQF\ VHWWLQJ FXUUHQW DQG RXWSXW IUHTXHQF\

DUH IDFWRU\ðVHW VR WKDW WKH RXWSXW IUHTXHQF\ LV

í+] DW WKH LQSXW FXUUHQW RI éP$ DQG çí+] DW

ëíP$ï 7KH\ DUH SURSRUWLRQDO WR HDFK RWKHU

EHWZHHQ WKH DERYH YDOXHV DV LQGLFDWHG E\ WKH

FRQWLQXRXV OLQH LQ WKH IROORZLQJ GLDJUDPï

éô :KHQ DSSO\LQJ D FXUUHQW IRU FDOLEUDWLRQñ WKH

GLIIHUHQFH EHWZHHQ WKH IUHTXHQF\ VHWWLQJ LQSXW

FXUUHQWV LQ 3Uï äíé DQG 3Uï äíè VKRXOG EH QRW

OHVV WKDQ ëP$ï ,I LW LV OHVV WKDQ ëP$ñ D VHWWLQJ

HUURU ZLOO RFFXUï

èô 7KH IUHTXHQF\ VHWWLQJ DFFXUDF\ LV r íïêøï

çí+]

í éP$ ëíP$

6
HW
IU
HT
XH
QF
\

)D
FWR
U\
VH
WWLQ
J

&XUUHQW LQSXW WR DFURVV WHUPLQDOV éðè

3Uï äíé 3Uï äíè
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)UHTXHQF\ 6HWWLQJ &XUUHQW %LDVñ *DLQ

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

äíé

)UHTXHQF\

VHWWLQJ

FXUUHQW ELDV

í WR

çí+]
íïíì+] í+]

äíè

)UHTXHQF\

VHWWLQJ

FXUUHQW JDLQ

ì WR

éíí+]
íïíì+] çí+]

çô )RU (èíí ñ WKH IUHTXHQF\ DW ëíP$ LQSXW FDQ EH

VHW LQ 3Uï êäï 3Uï êä DOORZV WKH VHWWLQJ RI WKH

IUHTXHQF\ RQO\ DQG WKH YROWDJH VHW LQ 3Uï äíè

õIDFWRU\ðVHW WR ëíP$ô LV XVHG DV WKH UHIHUHQFHï

çí+]

í éP$ ëíP$

6
HW
IU
HT
X
HQ
F\

&XUUHQW LQSXW WR DFURVV WHUPLQDOV éðè 9ROWDJH FDOLEUDWHG
LQ 3Uï äíè

3Uï êä

)UHTXHQF\ 6HWWLQJ &XUUHQW %LDVñ *DLQ IRU (èíí

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

êä
)UHTXHQF\ DW

ëíP$ LQSXW

ì WR

éíí+]
íïíì+] çí+]

õæô%XLOWðLQ SRWHQWLRPHWHU ELDVñ JDLQ

> 3Uï äëëñ äëê@ (èíí

ìô 0DNH VHWWLQJ WR PDNH WKH EXLOWðLQ SRWHQWLRPHWHU

YDOLGï õ5HIHU WR 6HFWLRQ ìïéïç õëôïô

ëô )RU WKH VHWWLQJ PHWKRGñ UHIHU WR WKH 3Uï äíë

DGMXVWPHQW SURFHGXUH õ6HFWLRQ ìïçïç õèôôï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

äëë

%XLOWðLQ

SRWHQWLRPHWHU

ELDV

í WR çí+] íïíì+] í+]

äëê

%XLOWðLQ

SRWHQWLRPHWHU

JDLQ

í WR

éíí+]
íïíì+] çí+]

õåô)RUZDUGðUHYHUVH RSHUDWLRQ E\ DQDORJ r LQSXW

õ([WHUQDO RSHUDWLRQ PRGHô > 3Uï æê@ $èíí

ìô 7KH DX[LOLDU\ DQDORJ LQSXW WHUPLQDO ì DOORZV

IRUZDUG RU UHYHUVH RSHUDWLRQ WR EH SHUIRUPHG

XVLQJ RQO\ WKH IUHTXHQF\ VHWWLQJ VLJQDO ZLWKRXW

XVLQJ WKH VWDUW VLJQDO õWHUPLQDO 67) RU 675ôï

3Uï æê DOORZV VHOHFWLRQ EHWZHHQ HQDEOH DQG

GLVDEOH RI SRODULW\ UHYHUVLEOH RSHUDWLRQï

ëô 7KH PRWRU LV QRW VWDUWHG XQWLO WKH DQDORJ LQSXW

YROWDJH HTXLYDOHQW WR RU JUHDWHU WKDQ WKH

VWDUWLQJ IUHTXHQF\ LQ 3Uï ìê LV HQWHUHGï :KHQ

SRODULW\ KDV EHHQ VZLWFKHGñ WKH PRWRU LV

GHFHOHUDWHG WR íïè+] DQG WKHQ UXQ LQ WKH

RSSRVLWH GLUHFWLRQ DW WKH VWDUWLQJ IUHTXHQF\ï

êô :KHQ WKH YROWDJH VLJQDO LV LQSXW WR DQDORJ LQSXW

WHUPLQDO ë RU WKH FXUUHQW VLJQDO LQSXW WR WHUPLQDO

éñ WKLV VLJQDO LV DGGHG WR WKH YROWDJH RI WHUPLQDO

ì WR SHUIRUP SRODULW\ UHYHUVLEOH RSHUDWLRQï

õäô$X[LOLDU\ DQDORJ LQSXW õ([WHUQDO RSHUDWLRQ

PRGH $èíí

,Q WKH H[WHUQDO RSHUDWLRQ PRGHñ WKH IUHTXHQF\

VHWWLQJ RI WKH DQDORJ YROWDJH LQSXW õDFURVV

WHUPLQDOV ëðèô RU DQDORJ FXUUHQW LQSXW õDFURVV

WHUPLQDOV éðèô FDQ EH FRPSHQVDWHG IRU E\ WKH

DX[LOLDU\ DQDORJ LQSXWï

7R HQDEOH WKH DX[LOLDU\ DQDORJ LQSXWñ HQWHU

í WR r è9'& RU í WR r ìí9'& DFURVV WHUPLQDOV ìð

èï õ5HIHU WR 6HFWLRQ ìïéïçïô

õìíô 2YHUULGH FRPSHQVDWLRQ LQSXW õ([WHUQDO

RSHUDWLRQ PRGHô $èíí

$QDORJ FRPSHQVDWLRQ õRYHUULGHô RI D JLYHQ UDWLR

FDQ EH PDGH RQ WKH IUHTXHQF\ VHWWLQJ VLJQDO

õPDLQ VHWWLQJô RI WKH DX[LOLDU\ DQDORJ YROWDJH

LQSXW õDFURVV WHUPLQDOV ìðèô RU WKH DQDORJ FXUUHQW

LQSXW õDFURVV WHUPLQDOV éðèôï

$V WKH FRPSHQVDWLRQ UDWLRñ LQSXW í WR è9'& õRU

í WR ìí9'&ô WR DQDORJ YROWDJH LQSXW WHUPLQDO ëðèï

7KH UDWLR õRYHUULGH YDOXHô LV èíø RI WKH PDLQ

VHWWLQJ DW í9'&ñ ìííø DW ëïè9'& õRU è9'&ôñ

DQG ìèíø DW è9'& õìí9'&ôï
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9ROWDJH DFURVV WHUPLQDOV ëðè

2YHUULGH 9DOXH

õììô 0XOWLðVSHHG LQSXW FRPSHQVDWLRQ VHOHFWLRQ

õ([WHUQDO RSHUDWLRQ PRGHô > 3Uï ëå@ $èíí

7KH IUHTXHQF\ VHWWLQJ RI WKUHHðVSHHG RSHUDWLRQ

RU PXOWLðVSHHG RSHUDWLRQ FDQ EH FRPSHQVDWHG IRU

E\ WKH DQDORJ LQSXWï 6LQFH WKH SDUDPHWHU LV

IDFWRU\ðVHW WR FRPSHQVDWLRQ GLVDEOHñ VHW ûìû LQ

3Uï ëå WR PDNH WKH FRPSHQVDWLRQ HQDEOHGï 7KH

IROORZLQJ WKUHH GLIIHUHQW FRPSHQVDWLRQV DUH

DYDLODEOH GHSHQGLQJ RQ WKH VHWWLQJ RI 3Uï æêã

ìô 2YHUULGH FRPSHQVDWLRQ õ 3Uï æê VHWWLQJ  é RU èô

ïïïïïïïïïïïï DFURVV DQDORJ LQSXW WHUPLQDOV ëðè

ëô $GGLWLRQ FRPSHQVDWLRQ õ 3Uï æê VHWWLQJ  í WR êô

ïïïïïïïïïïïï DFURVV DQDORJ LQSXW WHUPLQDOV ìðè

êô $GGLWLRQ FRPSHQVDWLRQ DOORZLQJ IRUZDUGðUHYHUVH

URWDWLRQ UHYHUVLEOH RSHUDWLRQ GHSHQGLQJ RQ

SRODULW\ õ 3Uï æê VHWWLQJ  ìí WR ìêô

ïïïïïïïïïïïï DFURVV DQDORJ LQSXW WHUPLQDOV ìðè

6WDUW 7HUPLQDO 67) 21 675 21
3DUDPHWHU

1XPEHU
6HWWLQJ

'HVFULð

SWLRQ
3RODULW\ RI

WHUPLQDO ì
ò ð ò ð

)DFWRU\ 6HWWLQJ

í WR è 3RODULW\ UHYHUVLEOH GLVDEOH
)RUZDUG

URWDWLRQ
6WRS

5HYHUVH

URWDWLRQ
6WRS ì

æê

ìí WR ìè 3RODULW\ UHYHUVLEOH HQDEOH
)RUZDUG

URWDWLRQ

5HYHUVH

URWDWLRQ

5HYHUVH

URWDWLRQ

)RUZDUG

URWDWLRQ
�

õìëô 6WHSOHVV VSHHG VHWWLQJ > 3Uï èä@ &20021

%\ VHWWLQJ ûìûRU ûëû LQ 3Uï èäñ WKH IXQFWLRQV RI

WKH 5+ DQG 50 VLJQDOV FDQ EH FKDQJHG WR WKH

UHPRWH VHWWLQJ LQSXW IXQFWLRQï 7KLV IXQFWLRQ PD\

EH VHW HLWKHU LQ WKH 38 RU H[WHUQDO RSHUDWLRQ

PRGHï

1RWH WKDW WKLV IXQFWLRQ LV GLIIHUHQW IURP WKH

IXQFWLRQ RI WKH RSWLRQDO PRWRUL]HG VSHHG VHWWHU

õ)5ð).ôï

1RWHã $IWHU 5+ð6' DQG 50ð6' DUH NHSW RSHQHG IRU

PRUH WKDQ DERXW RQH PLQXWHñ WKH UXQQLQJ

IUHTXHQF\ VHWWLQJ DW WKDW WLPH LV VWRUHG LQWR

PHPRU\ õ(
ë
520ôï 6ZLWFK SRZHU RII RQFHñ

WKHQ RQ DJDLQ WR UHVXPH RSHUDWLRQ ZLWK WKLV

VHWWLQJï

3DUDPHWHU

1XPEHU
)XQFWLRQ 1DPH

6HWWLQJ

5DQJH
6HWWLQJ 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í :LWKRXW UHPRWH VHWWLQJ IXQFWLRQ {

ì
:LWK UHPRWH VHWWLQJ IXQFWLRQñ ZLWK IUHTXHQF\ VHWWLQJ

VWRUDJH IXQFWLRQ õ1RWHô
�

èä
5HPRWH VHWWLQJ

IXQFWLRQ
íñ ìñ ë

ë
:LWK UHPRWH VHWWLQJ IXQFWLRQñ ZLWKRXW IUHTXHQF\ VHWWLQJ

VWRUDJH IXQFWLRQ
�

ìô $W WKH WLPH RI DFFHOHUDWLRQ

:KHQ 5+ð6' DUH VKRUWHGñ WKH VHW IUHTXHQF\

LQFUHDVHVï 7KH LQFUHDVHG VSHHG DW WKLV WLPH

GHSHQGV RQ WKH 3Uï éé õVHFRQG

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPHô VHWWLQJï

1RWHã ìï 2SHQ 5+ð6' WR VWRS WKH LQFUHDVH LQ

VHW IUHTXHQF\ DQG NHHS WKDW VHW

IUHTXHQF\ XQFKDQJHGï

ëô $W WKH WLPH RI GHFHOHUDWLRQ

:KHQ 50ð6' DUH VKRUWHGñ WKH VHW IUHTXHQF\

GHFUHDVHVï 7KH GHFUHDVHG VSHHG DW WKLV WLPH

GHSHQGV RQ WKH 3Uï éè õVHFRQG GHFHOHUDWLRQ

WLPHô VHWWLQJï :KHQ WKH 3Uï éè VHWWLQJ LV

ääääñ WKH GHFUHDVHG VSHHG LV WKH VDPH YDOXH

DV LQ 3Uï ééï

1RWHã ìï 2SHQ 50ð6' WR VWRS WKH GHFUHDVH LQ

VHW IUHTXHQF\ DQG NHHS WKDW VHW

IUHTXHQF\ XQFKDQJHGï
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åä

êô 2XWSXW IUHTXHQF\

)RU $èíí

([WHUQDO RSHUDWLRQã )UHTXHQF\ VHW E\ 5+ RU

50 ò H[WHUQDO RSHUDWLRQ IUHTXHQF\ RWKHU

WKDQ PXOWLðVSHHG õ7R VHOHFW HQDEOH RI

DX[LOLDU\ LQSXW õWHUPLQDO ìôñ VHW ûìû LQ 3Uï ëåïô

38 RSHUDWLRQã )UHTXHQF\ VHW E\ 5+ RU 50 ò

38 RSHUDWLRQ IUHTXHQF\

)RU (èíí

([WHUQDO RSHUDWLRQã )UHTXHQF\ VHW E\ 5+ RU

50 ò DQDORJ IUHTXHQF\ FRPPDQG IURP

RSHUDWLRQ SDQHOöV IUHTXHQF\ VHWWLQJ

SRWHQWLRPHWHU RU IURP RXWVLGH LQYHUWHU õLï Hï

H[WHUQDO VHWWLQJôï

38 RSHUDWLRQã )UHTXHQF\ VHW E\ 5+ RU 50 ò

38 GLJLWDO IUHTXHQF\

éô 6WRUDJH RI VHW IUHTXHQF\

:KHQ WKH 3Uï èä YDOXH LV ìñ RSHQLQJ 5+ð6'

DQG 50ð6' IRU PRUH WKDQ ì PLQXWH VWRUHV

WKH VHW IUHTXHQF\ LQWR PHPRU\ õ(ë520ôï

:KHQ WKH 3Uï èä YDOXH LV ëñ WKH VHW

IUHTXHQF\ LV QRW VWRUHGï +HQFHñ ZKHQ WKH

SRZHU LV VZLWFKHG RII DQG LV WKHQ VZLWFKHG

RQ DJDLQñ WKH VHW IUHTXHQF\ LV UHVHW WR í+]ï

èô &OHDULQJ WKH VHW YDOXH

6KRUW 50ð6' WR FOHDU WKH VHW IUHTXHQF\ WR

í+]ï 7KLV DOVR FOHDUV WKH YDOXH VWRUHG LQ

PHPRU\ õ(
ë
520ôï

67)

675

5+

50

5/

6'

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

$FFHOHUDWLRQ

'HFHOHUDWLRQ

6HWWLQJ FOHDU

:LULQJ OHQJWK
ZLWKLQ êíP

&RQQHFWLRQ ([DPSOH IRU 5HPRWH 2SHUDWLRQ

2
XW
SX
WI
UH
TX
H
QF
\

)RUZDUG URWDWLRQ

$FFHOHUDWLRQ

'HFHOHUDWLRQ

6HWWLQJ FOHDU

6LJQDO 21ð2)) ([DPSOH IRU 5HPRWH 2SHUDWLRQ

1RWHã ìï :KHQ WKH DFFHOHUDWLRQîGHFHOHUDWLRQ VLJQDO

WXUQV RQñ WKH VHW IUHTXHQF\ YDULHV

DFFRUGLQJ WR WKH UDPS VHW LQ 3Uï éé RU

3Uï éèï $OVRñ WKH DFFHOHUDWLRQî

GHFHOHUDWLRQ WLPH RI WKH RXWSXW IUHTXHQF\

LV DV VHW LQ 3Uï æî 3Uï åï +HQFHñ WKH DFWXDO

RXWSXW IUHTXHQF\ YDULHV LQ WKH WLPH RI

ORQJHU VHWWLQJï

ëï :KHQ WKH UHPRWH RSHUDWLRQ IXQFWLRQ KDV

EHHQ VHOHFWHG õì RU ë LV VHW LQ 3Uï èäôñ WKH

IROORZLQJ IXQFWLRQ LV LQYDOLGã

x 0XOWLðVSHHG RSHUDWLRQ

êï :KHQ HLWKHU RI WKH IROORZLQJ IXQFWLRQV KDV

EHHQ VHOHFWHGñ WKH UHPRWH RSHUDWLRQ

IXQFWLRQ LV LQYDOLGã

x -RJ RSHUDWLRQ PRGH

x 3URJUDPPHG RSHUDWLRQ PRGH

éï ,I 5+ð6' DUH NHSW VKRUWHGñ RSHUDWLRQ

FDQQRW EH SHUIRUPHG DERYH WKH PD[LPXP

IUHTXHQF\ OLPLWï

èï 8VH WKH FRQWURO FDEOHV RI ZLWKLQ êíP

ZLULQJ OHQJWKï

õìêô -RJ RSHUDWLRQ õ([WHUQDO RSHUDWLRQ PRGHô > 3Uï ìèñ 3Uï

ìç@ &20021

)RU $èíí ñ WXUQ RQ WKH VLJQDO DFURVV WHUPLQDOV -2*ð

6' WR SHUIRUP MRJ RSHUDWLRQ ZLWK WKH VWDUW LQSXW

VLJQDO WHUPLQDO 67) õRU 675ôï

7KH SDUDPHWHU XQLW PD\ DOVR EH XVHG WR SHUIRUP MRJ

RSHUDWLRQ õ1RWH ìôï7KH SDUDPHWHU XQLW PD\ DOVR EH

XVHG WR SHUIRUP MRJ RSHUDWLRQ õ1RWH ìôï

8VH 3Uï ìè WR VHW WKH MRJ RSHUDWLRQ IUHTXHQF\ DQG

3Uï ìç WR VHW WKH MRJ DFFHOHUDWLRQîGHFHOHUDWLRQ WLPHï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ìè
-RJ

IUHTXHQF\

í WR

éíí+]
íïíì+] è+]

ìç

-RJ

DFFHOHUDWLRQî

GHFHOHUDWLRQ

WLPH

í WR êçíí V

îí WR êçí V

íïì Vî

íïíì V
íïè V

1RWHã ìï (èíí FDQQRW SHUIRUP MRJ RSHUDWLRQ LQ WKH

H[WHUQDO RSHUDWLRQ PRGH EXW FDQ SHUIRUP

LW LQ WKH 38 RSHUDWLRQ PRGHï
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ìïçïæ 2XWSXW IUHTXHQF\ UDQJH > 3Uï ìñ ëñ ìêñ ìå@ &20021

7KH RXWSXW IUHTXHQF\ UDQJH LV íïë WR éíí+]ï

+RZHYHUñ WKH DFWXDOO\ RSHUDEOH IUHTXHQFLHV KDYH WKH

IROORZLQJ UHVWULFWLRQV DFFRUGLQJ WR WKH IXQFWLRQ

õSDUDPHWHUô VHWWLQJVñ RSHUDWLRQ PRGHñ HWFïã

z 7KUHHðVSHHG RU PXOWLðVSHHG VHWWLQJ LQ WKH 38 RU

H[WHUQDO RSHUDWLRQ PRGH

7KH RXWSXW IUHTXHQF\ LV DYDLODEOH XS WR éíí+] EXW

WKH PD[LPXP RXWSXW IUHTXHQF\ GHSHQGV RQ WKH

PD[LPXP IUHTXHQF\ OLPLWï

z $QDORJ LQSXW LQ WKH H[WHUQDO RSHUDWLRQ PRGH

7KH PD[LPXP RXWSXW IUHTXHQF\ GHSHQGV RQ WKH

IUHTXHQF\ VHWWLQJ YROWDJH JDLQ VHW LQ 3Uï äíê õUHIHU

WR 6HFWLRQ ìïçïç õèôô DQG WKH PD[LPXP IUHTXHQF\

OLPLWï

z 7KH VWDUWLQJ IUHTXHQF\ LV VHW LQ 3Uï ìêï

z 7KH FRQVWDQWðVSHHG IUHTXHQF\ LV RXWSXW XS WR

íïè+] õZKHQ WKH 3Uï ìê YDOXH LV íïè+] RU PRUHô RU

3Uï ìê YDOXH õZKHQ WKH 3Uï ìê YDOXH LV OHVV WKDQ

íïè+]ôï

z )RU GHFHOHUDWLRQ WR D VWRS PDGH E\ WXUQLQJ RII WKH

VWDUW VLJQDOñ WKH RXWSXW IUHTXHQF\ LV RXWSXW XS WR

WKH '& G\QDPLF EUDNH RSHUDWLRQ IUHTXHQF\ VHW LQ

3Uï ìíï )RU GHFHOHUDWLRQ WR D VWRS PDGH E\ JLYLQJ

WKH FRPPDQG IUHTXHQF\ RI í+] õVWDUW VLJQDO LV RQôñ

WKH RXWSXW IUHTXHQF\ LV RXWSXW XS WR WKH DERYH

FRQVWDQW VSHHG IUHTXHQF\ï

)URP WKH DERYHñ WKH UXQQLQJ IUHTXHQF\ UDQJH LV

VXPPDUL]HG DV VKRZQ RQ WKH ULJKWï

7KH VHWWLQJ FRQGLWLRQV RI WKH UHOHYDQW IXQFWLRQV

õSDUDPHWHUVô DUH LQGLFDWHG LQ WKH ULJKW WDEOHï

3Uï ìõ 3Uï ìåô

3Uï ìê
3Uï ë

2
X
WS
X
W
IU
H
TX
H
Q
F\

õ+
]ô

0D[LPXP IUHTXHQF\

0D[LPXP IUHTXHQF\ OLPLW

0LQLPXP IUHTXHQF\ OLPLW
6WDUWLQJ IUHTXHQF\

0LQLPXP IUHTXHQF\

õ1RWH ìô

íïè+] RU 3Uï ìê

íïè+]ñ 3Uï ìê
RU 3Uï ìí

6WDUW DQG
DFFHOHUDWLRQ &RQVWDQW VSHHG

'HFHOHUDWLRQ
WR VWRS

éíí+] õVHW IURP 38ô
3Uï äíê õH[WHUQDO DQDORJ LQSXW ð YROWDJH LQSXWô
3Uï äíè õH[WHUQDO DQDORJ LQSXW ð FXUUHQW LQSXWô

2XWSXW )UHTXHQF\ 5DQJH

1RWH ìã 'HSHQGV RQ WKH IUHTXHQF\ VHWWLQJ PHWKRGï

)XQFWLRQV 5HODWHG WR 2XWSXW )UHTXHQFLHV

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ì

0D[LPXP

IUHTXHQF\

OLPLW

í WR

ìëí+]
íïíì+] ìëí+]

ë

0LQLPXP

IUHTXHQF\

OLPLW

í WR

ìëí+]
íïíì+] í+]

ìê
6WDUWLQJ

IUHTXHQF\

í WR

çí+]
íïíì+] íïè+]

ìå

+LJKðVSHHG

PD[LPXP

IUHTXHQF\

OLPLW

ìëí WR

éíí+]
íïíì+] ìëí+]

äíê

)UHTXHQF\

VHWWLQJ

YROWDJH JDLQ

ì WR

éíí+]
íïíì+] çí+]

äíè

)UHTXHQF\

VHWWLQJ

FXUUHQW JDLQ

ì WR

éíí+]
íïíì+] çí+]
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õìô0D[LPXP IUHTXHQF\ OLPLW > 3Uï ìñ 3Uï ìå@ &20021

8VLQJ WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWôñ VHW

WKH PD[LPXP IUHTXHQF\ OLPLW WKDW FDQ EH RXWSXWï

6HW WKH PD[LPXP IUHTXHQF\ OLPLW RI í WR ìëí+] LQ

3Uï ìï

6HW WKH PD[LPXP IUHTXHQF\ OLPLW RI ìëí WR éíí+]

LQ 3Uï ìåï 7KH PRVW UHFHQW PD[LPXP IUHTXHQF\

OLPLW VHW LQ 3Uï ì RU 3Uï ìå LV YDOLGï

7KH PD[LPXP IUHTXHQF\ WKDW FDQ EH RXWSXW LV DV

IROORZVã

ìô 8VLQJ H[WHUQDO DQDORJ LQSXW õYROWDJH VLJQDOô

7KH PD[LPXP IUHTXHQF\ WKDW FDQ EH RXWSXW LV

WKH ORZHU YDOXH RI WKH PRVW UHFHQW PD[LPXP

IUHTXHQF\ OLPLW VHW LQ 3Uï ì RU 3Uï ìå DQG WKH

IUHTXHQF\ VHWWLQJ YROWDJH JDLQ VHW LQ 3Uï äíêï

7KH RXWSXW IUHTXHQF\ LV FODPSHG DW WKH

PD[LPXP IUHTXHQF\ OLPLW LI WKH IUHTXHQF\

VHWWLQJ LQSXW JLYHQ LV JUHDWHU WKDQ WKH PD[LPXP

IUHTXHQF\ OLPLWï

ëô 8VLQJ H[WHUQDO DQDORJ LQSXW õFXUUHQW VLJQDOô

7KH PD[LPXP IUHTXHQF\ WKDW FDQ EH RXWSXW LV

WKH ORZHU YDOXH RI WKH PRVW UHFHQW PD[LPXP

IUHTXHQF\ OLPLW VHW LQ 3Uï ì RU 3Uï ìå DQG WKH

IUHTXHQF\ VHWWLQJ FXUUHQW JDLQ VHW LQ

3Uï äíèï 7KH RXWSXW IUHTXHQF\ LV FODPSHG DW

WKH PD[LPXP IUHTXHQF\ OLPLW LI WKH IUHTXHQF\

VHWWLQJ LQSXW JLYHQ LV JUHDWHU WKDQ WKH

PD[LPXP IUHTXHQF\ OLPLWï

êô 8VLQJ 38

7KH PD[LPXP IUHTXHQF\ WKDW FDQ EH RXWSXW LV

WKH PRVW UHFHQW PD[LPXP IUHTXHQF\ OLPLW VHW

LQ 3Uï ì RU 3Uï ìåï

õëô0LQLPXP IUHTXHQF\ OLPLW > 3Uï ë@ &20021

8VLQJ WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWôñ VHW

WKH PLQLPXP IUHTXHQF\ OLPLW WKDW FDQ EH RXWSXW

GXULQJ FRQVWDQWðVSHHG RSHUDWLRQï :KHQ WKH

DQDORJ IUHTXHQF\ VHWWLQJ LQSXW VLJQDO LV XVHGñ WKH

RXWSXW IUHTXHQF\ LV FODPSHG DQG GRHV QRW GURS

EHORZ WKH PLQLPXP IUHTXHQF\ OLPLW LI WKDW

IUHTXHQF\ VHWWLQJ LQSXW VLJQDO LV OHVV WKDQ WKH

PLQLPXP IUHTXHQF\ OLPLW LQ 3Uï ë õWKLV DOVR

DSSOLHV WR WKH LQSXW RI íôï $Q\ YDOXH OHVV WKDQ WKH

PLQLPXP IUHTXHQF\ OLPLW PD\ EH VHW IURP WKH

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô EXW WKH RXWSXW

IUHTXHQF\ GRHV QRW EHFRPH OHVV WKDQ WKH

PLQLPXP IUHTXHQF\ OLPLW õZLWK WKH H[FHSWLRQ RI WKH

MRJ IUHTXHQF\ôï

õêô6WDUWLQJ IUHTXHQF\ > 3Uï ìê@ &20021

6HW WKH IUHTXHQF\ ZKLFK DOORZV GLUHFWðRQ OLQH

VWDUWLQJ ZKHQ WKH VWDUW VLJQDO LV VZLWFKHG RQ

DFURVV WHUPLQDOV 67) õRU 675ôð6'ï

7KLV IXQFWLRQ LV XVHG ZLWK WKH WRUTXH ERRVW

õ 3Uï íô WR PDLQO\ DGMXVW WKH VWDUWLQJ WRUTXHï 7KH

ULVH LQ VWDUWLQJ IUHTXHQF\ QRW RQO\ UDLVHV WKH

FRUUHVSRQGLQJ RXWSXW YROWDJH EXW DOVR LQFUHDVHV

WKH VWDUWLQJ FXUUHQW DORQJ ZLWK WKH VWDUWLQJ WRUTXHï

7KH IROORZLQJ YDOXH LV UHFRPPHQGHG DV D JXLGH

WR VHWWLQJ WKH VWDUWLQJ IUHTXHQF\ WR NHHS WKH

VWDUWLQJ FXUUHQW OHVV WKDQ WKH VWDOO SUHYHQWLRQ

RSHUDWLRQ FXUUHQWã

íïè+] õIDFWRU\ VHWWLQJô IRU JHQHUDO DSSOLFDWLRQï

ê+] IRU DQ HOHYDWRUñ HWFï

:KHQ WKH HOHYDWRU LV VWDUWHG DW D ORZ VWDUWLQJ

IUHTXHQF\ñ WKH ORDG PD\ VOLS GRZQ DV VRRQ DV WKH

PHFKDQLFDO EUDNH LV UHOHDVHG GXH WR LQVXIILFLHQW

VWDUWLQJ WRUTXHï 7R SUHYHQW WKLVñ XVH WKH DERYH

IUHTXHQF\ DV D JXLGHOLQHï 7KH LQYHUWHU FDQQRW EH

VWDUWHG LI WKH IUHTXHQF\ VHWWLQJ LV OHVV WKDQ WKH

VWDUWLQJ IUHTXHQF\ï
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ìïçïå 2XWSXW IUHTXHQFLHV DQG DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV
> 3Uï æñ åñ ìçñ ëíñ ëìñ ëäñ ééñ éèñ ììíóñ ìììóñ ìéí WR ìéêó@ &20021

õó 3Uï ììíñ ììì DQG ìéí WR ìéê DUH QRW SURYLGHG IRU (èíí ïô

:KHQ WKH IUHTXHQF\ LV YDULHG GXULQJ

VWDUWîDFFHOHUDWLRQñ GHFHOHUDWLRQîVWRS RSHUDWLRQ HWFïñ

WKH LQYHUWHU FKDQJHV WKH RXWSXW IUHTXHQF\ OLQHDUO\

õOLQHDU DFFHOHUDWLRQîGHFHOHUDWLRQô WR UHDFK WKH VHW

IUHTXHQF\ VR WKDW H[FHVVLYH ORDG LV QRW DSSOLHG WR WKH

PRWRU DQG LQYHUWHUï /LQHDU DFFHOHUDWLRQîGHFHOHUDWLRQ

LV FRQVWDQW LQ WKH UDWLR RI IUHTXHQF\ WR WLPHï 6ðSDWWHUQ

DFFHOHUDWLRQîGHFHOHUDWLRQ PD\ DOVR EH VHW LQ 3Uï ëäï

7KH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV VHW LQ 3Uï æñ

3Uï åñ 3Uï éé ñ 3Uï éèñ 3Uï ììí DQG 3Uï ììì DUH WKH

OHQJWKV RI WLPH UHTXLUHG IRU WKH RXWSXW IUHTXHQF\ WR

FKDQJH XS WR WKH DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH

IUHTXHQF\ VHW LQ 3Uï ëíï 7KH VHWWLQJ RI WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH LV EDVHG RQ 3Uï ëíñ

DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH IUHTXHQF\ñ

LQGHSHQGHQWO\ RI ZKHWKHU WKH RSHUDWLRQ PRGH LV WKH

H[WHUQDO RU 38 RSHUDWLRQ PRGHï

$FFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHWWLQJ  

$FFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ñ õ 3Uï ëíô

&KDQJH LQ RXWSXW IUHTXHQF\ï

u

$FFHOHUDWLRQîGHFHO
HUDWLRQ WLPH IRU
FKDQJH LQ RXWSXW
IUHTXHQF\

7KH PLQLPXP LQSXW LQFUHPHQWV RI WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHWWLQJ DUH IDFWRU\ðVHW

WR íïì Vï õ:KHQ WKH YDOXH LV VHW IURP WKH RSHUDWLRQ

SDQHO ZLWK 3Uï ëì  íñ WKH VHWWLQJ LQFUHPHQWV DUH ì

VHFRQG IRU WKH VHWWLQJ RI ìííí VHFRQGV RU PRUHïô %\

FKDQJLQJ WKH VHWWLQJ RI 3Uï ëì WR ìñ WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH FDQ EH VHW LQ

LQFUHPHQWV RI íïíì VHFRQGï õ,Q WKLV FDVHñ WKH

PD[LPXP VHWWLQJ LV êçí VHFRQGVï :KHQ WKH YDOXH LV

VHW IURP WKH RSHUDWLRQ SDQHO ZLWK 3Uï ëì  ìñ WKH

VHWWLQJ LQFUHPHQWV DUH íïì VHFRQG IRU WKH VHWWLQJ RI

ìíí VHFRQGV RU PRUHïô

ìô ([WHUQDO RSHUDWLRQ PRGH &20021

õ8VLQJ IUHTXHQF\ VHWWLQJ VLJQDO WHUPLQDO ëðèô

õ([DPSOH ìô $FFHOHUDWLRQ LV PDGH WR WKH RXWSXW

IUHTXHQF\ RI èí+] LQ ëïè V DW WKH

3Uï ëí õDFFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ô VHWWLQJ RI çí+]

õIDFWRU\ VHWWLQJôï

çí+]x $FFHOHUDWLRQ

WLPHñ 3Uï æñ  

VHWWLQJ èí+]
u ëïè V  êïí V

õ([DPSOH ëô $FFHOHUDWLRQ LV PDGH WR WKH RXWSXW

IUHTXHQF\ RI äí+] LQ ìëïè V DW WKH

3Uï ëí õDFFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ô VHWWLQJ RI äí+]ï

äí+]x $FFHOHUDWLRQ

WLPHñ 3Uï æñ  

VHWWLQJ äí+]
u ìëïè V  ìëïè V

ëô 7KUHHðVSHHG RSHUDWLRQ DQG 38 RSHUDWLRQ PRGH
&20021

õ([DPSOH ìô $FFHOHUDWLRQ LV PDGH WR WKH RXWSXW

IUHTXHQF\ RI åí+] LQ é V DW WKH

3Uï ëí õDFFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ô VHWWLQJ RI çí+]

õIDFWRU\ VHWWLQJôï

çí +]x $FFHOHUDWLRQ

WLPHñ 3Uï æñ  

VHWWLQJ åí+]
u éïè V  êïí V

õ([DPSOH ëô $FFHOHUDWLRQ LV PDGH WR WKH RXWSXW

IUHTXHQF\ RI çí+] LQ ìè V DW WKH

3Uï ëí õDFFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ô VHWWLQJ RI

ìëí+]ï

ìëí +]x $FFHOHUDWLRQ

WLPHñ 3Uï æñ  

VHWWLQJ çí +]
u ìèV  êí V

7KH VHWWLQJ FRQGLWLRQV RI WKH UHODWHG IXQFWLRQV

õSDUDPHWHUVô DUH LQGLFDWHG LQ WKH WDEOH EHORZï 7KH

IDFWRU\ VHWWLQJV RI WKH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ

WLPHV DUH WHPSRUDU\ DQG VKRXOG EH FKDQJHG WR

DFWXDOO\ RSHUDEOH YDOXHVñ ZKLFK YDU\ DFFRUGLQJ WR WKH

ORDG FRQGLWLRQV õORDG WRUTXH DQG ORDG *'ë UHIOHFWHG

EDFN WR WKH PRWRU VKDIWô DQG PRWRU FRQGLWLRQV õPRWRU

WRUTXH FDSDELOLW\ DQG PRWRU *'ëôï

5HIHU WR 6HFWLRQ ëïìïè IRU WKH ZD\ RI FDOFXODWLQJ WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH DFFRUGLQJ WR WKH ORDG

FRQGLWLRQV DQG PRWRU FRQGLWLRQVï

:KHQ WKH ORDG FRQGLWLRQV DUH XQNQRZQñ SHUIRUP WKH

RSHUDWLRQ DQG GHWHUPLQH WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH ZKLFK GRHV QRW

DFWLYDWH VWDOO SUHYHQWLRQï
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)XQFWLRQV 5HODWHG WR $FFHOHUDWLRQ DQG 'HFHOHUDWLRQ 7LPHV

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH

0LQLPXP 6HWWLQJ

,QFUHPHQWV
)DFWRU\ 6HWWLQJ

è V IRU æïè. RU OHVV

õìí V IRU (èíí èïè. DQG æïè.ôæ $FFHOHUDWLRQ WLPH í WR êçíí V
íïíìîíïì V

õ1RWH ìô
ìè V IRU ìì. RU PRUH

è V IRU æïè. RU OHVV

õìí V IRU (èíí èïè. DQG æïè.ôå 'HFHOHUDWLRQ WLPH í WR êçíí V
íïíìîíïì V

õ1RWH ìô
ìè V IRU ìì. RU PRUH

ìç -RJ DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH í WR êçíí V
íïíìîíïì V

õ1RWH ìô
íïè V

ëí
$FFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH

IUHTXHQF\
ì WR éíí+] íïíì+] çí+]

ëì
$FFHOHUDWLRQîGHFHOHUDWLRQ WLPH

LQFUHPHQWV
íñì � í

éé 6HFRQG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH í WR êçíí V
è VHFRQGV

õìí V IRU (èíí èïè. DQG æïè.ô

éè 6HFRQG GHFHOHUDWLRQ WLPH
í WR êçíí Vñ

ääää
ääää õ1RWH ëô

ììí 7KLUG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH
í WR êçíí Vñ

ääää
ääää

ììì 7KLUG GHFHOHUDWLRQ WLPH
í WR êçíí Vñ

ääää

íïíìîíïì V

õ1RWH ìô

ääää

1RWHã ìï 7KH PLQLPXP VHWWLQJ LQFUHPHQWV DUH FKDQJHG E\ WKH VHWWLQJ RI 3Uï ëìï

ëï 7KLV IXQFWLRQ LV PDGH LQYDOLG ZKHQ ääää LV VHWï õ7KH YDOXH VHW LQ 3Uï éé LV XVHG DV WKH VHFRQG GHFHOHUDWLRQ WLPHïô

õìô$FFHOHUDWLRQ WLPH > 3Uï æ@ &20021

&DOFXODWH WKH SHULRG RI WLPH UHTXLUHG IRU OLQHDU

DFFHOHUDWLRQ IURP D VWRS WR WKH PD[LPXP

RSHUDWLQJ IUHTXHQF\ XQGHU WKH ORDG DQG PRWRU

FRQGLWLRQV XVHGï 8VLQJ WKH IROORZLQJ IRUPXODñ

FDOFXODWH WKH DFFHOHUDWLRQ WLPH IURP VWRS WR WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH IUHTXHQF\ñ

3Uï ëíñ DQG VHW LW LQ 3Uï æï

$FFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHWWLQJ  
$FFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ñ õ 3Uï ëíô

0D[LPXP

RSHUDWLQJ

IUHTXHQF\

ð
6WDUWLQJ

IUHTXHQF\

õ 3Uï ìêô

u

$FFHOHUDWLRQ

WLPH IURP

VWRS WR

PD[LPXP

RSHUDWLQJ

IUHTXHQF\

õëô'HFHOHUDWLRQ WLPH > 3Uï å@ &20021

&DOFXODWH WKH SHULRG RI WLPH UHTXLUHG IRU OLQHDU

GHFHOHUDWLRQ IURP WKH PD[LPXP RSHUDWLQJ

IUHTXHQF\ WR D VWRS XQGHU WKH ORDG DQG PRWRU

FRQGLWLRQV XVHGï 8VLQJ WKH IROORZLQJ IRUPXODñ

FDOFXODWH WKH GHFHOHUDWLRQ WLPH IURP WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH IUHTXHQF\ñ

3Uï ëíñ WR D VWRSñ DQG VHW LW LQ 3Uï åï

'HFHOHUDWLRQ WLPH VHWWLQJ  
$FFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ñ õ 3Uï ëíô

0D[LPXP

RSHUDWLQJ

IUHTXHQF\

ð
'& G\QDPLF

EUDNH

IUHTXHQF\

u

'HFHOHUDWLRQ

WLPH IURP

PD[LPXP

RSHUDWLQJ

IUHTXHQF\ WR

VWRS

õêô6HFRQG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH > 3Uï éé@
&20021

6KRUW WKH VHFRQG IXQFWLRQ VHOHFWLRQ VLJQDO

WHUPLQDO 57ð6' WR LJQRUH WKH DFFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHV VHW LQ 3Uï æ DQG 3Uï å DQG XVH

WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHW LQ 3Uï ééï

,Q WKLV FDVHñ WKH DFFHOHUDWLRQ WLPH LV HTXDO WR WKH

GHFHOHUDWLRQ WLPHï
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õéô6HFRQG GHFHOHUDWLRQ WLPH > 3Uï éè@ &20021

6KRUW WKH VHFRQG IXQFWLRQ VHOHFWLRQ VLJQDO

WHUPLQDO 57ð6' WR FKDQJH WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHWWLQJ WR WKH YDOXH

VHW LQ 3Uï ééï ,Q WKLV FDVHñ WKH DFFHOHUDWLRQ WLPH LV

HTXDO WR WKH GHFHOHUDWLRQ WLPHï

7R VHW WKH DFFHOHUDWLRQ WLPH DQG GHFHOHUDWLRQ WLPH

VHSDUDWHO\ñ VHW WKH VHFRQG GHFHOHUDWLRQ WLPH LQ

3Uï éè DQG WKH VHFRQG DFFHOHUDWLRQ WLPH LQ

3Uï ééï 6HWWLQJ RI ääää õIDFWRU\ VHWWLQJô LQ 3Uï éè

FDXVHV WKH VHFRQG GHFHOHUDWLRQ WLPH WR EH WKH

YDOXH VHW LQ 3Uï ééñ PDNLQJ WKH DFFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHV HTXDOï

õèô7KLUG DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH > 3Uï ììí@
$èíí

6KRUW WKH WKLUG IXQFWLRQ VHOHFWLRQ VLJQDO WHUPLQDO

;äð6' WR LJQRUH WKH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ

WLPHV VHW LQ 3Uï æ DQG 3Uï å DQG XVH WKH

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH VHW LQ 3Uï ììíï ,Q

WKLV FDVHñ WKH DFFHOHUDWLRQ WLPH LV HTXDO WR WKH

GHFHOHUDWLRQ WLPHï 6HW ûääääû LQ 3Uï ììí WR PDNH

WKLV IXQFWLRQ LQYDOLGï

:KHQ ERWK WKH 57 DQG ;ä VLJQDOV DUH RQñ 3Uï ìíí

DQG 3Uï ììì DUH PDGH YDOLGï

õçô7KLUG GHFHOHUDWLRQ WLPH > 3Uï ììì@ $èíí

6KRUW WKH WKLUG IXQFWLRQ VHOHFWLRQ VLJQDO WHUPLQDO

;äð6' WR FKDQJH WKH DFFHOHUDWLRQîGHFHOHUDWLRQ

WLPH VHWWLQJ WR WKH YDOXH VHW LQ 3Uï ììíï ,Q WKLV

FDVHñ WKH DFFHOHUDWLRQ WLPH LV HTXDO WR WKH

GHFHOHUDWLRQ WLPHï

7R VHW WKH DFFHOHUDWLRQ WLPH DQG GHFHOHUDWLRQ WLPH

VHSDUDWHO\ñ VHW WKH WKLUG GHFHOHUDWLRQ WLPH LQ

3Uï ììì DQG WKH WKLUG DFFHOHUDWLRQ WLPH LQ

3Uï ììíï 6HWWLQJ RI ääää õIDFWRU\ VHWWLQJô LQ

3Uï ììì FDXVHV WKH WKLUG GHFHOHUDWLRQ WLPH WR EH

WKH YDOXH VHW LQ 3Uï ìììñ PDNLQJ WKH DFFHOHUDWLRQ

DQG GHFHOHUDWLRQ WLPHV HTXDOï

:KHQ ERWK WKH 57 DQG ;ä VLJQDOV DUH RQñ 3Uï ìíí

DQG 3Uï ììì DUH PDGH YDOLGï

õæô $FFHOHUDWLRQîGHFHOHUDWLRQ WLPH IRU MRJ RSHUDWLRQ > 3Uï

ìç@ &20021

$OORZV WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH WR EH

VHW IRU MRJ RSHUDWLRQ LQ WKH 38 RU H[WHUQDO

RSHUDWLRQ PRGHï )RU (èíí ñ KRZHYHUñ MRJ

RSHUDWLRQ FDQQRW EH SHUIRUPHG LQ WKH H[WHUQDO

RSHUDWLRQ PRGHï )RU MRJ RSHUDWLRQñ WKH

DFFHOHUDWLRQ WLPH LV HTXDO WR WKH GHFHOHUDWLRQ

WLPHï )RU GHWDLOV RI WKH RSHUDWLRQ SURFHGXUHñ UHIHU

WR 6HFWLRQ ìïéïåï

,Q WKH H[WHUQDO RSHUDWLRQ PRGHñ MRJ RSHUDWLRQ FDQ

EH SHUIRUPHG E\ VKRUWLQJ WKH MRJ PRGH WHUPLQDO

-2*ð6'ï

7KH VHWWLQJ RI WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH

LV DV GHVFULEHG LQ õìô DQG õëô $FFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHVñ 3Uï æñ 3Uï åï

1RWHã 7KH VHW MRJ DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH

LV WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH XQWLO

WKH DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH

IUHTXHQF\ñ õ 3Uï ëíôñ LV UHDFKHGï

õåô 6ðSDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQ > 3Uï ëä@
&20021

*HQHUDOO\ DFFHOHUDWLRQîGHFHOHUDWLRQ LV FRQVWDQW LQ

WKH UDWLR RI IUHTXHQF\ WR WLPHï 7KLV

DFFHOHUDWLRQîGHFHOHUDWLRQ UDPS FDQ EH FKDQJHG LQWR

DQ 6 ðSDWWHUQ õWZR VWDQGDUG SDWWHUQVôï

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 'HVFULSWLRQ

)DFWRU\

VHWWLQJ

í

/LQHDU

DFFHOHUDWLRQî

GHFHOHUDWLRQ

{

ì

6ðSDWWHUQ

DFFHOHUDWLRQî

GHFHOHUDWLRQ $

�

ë

6ðSDWWHUQ

DFFHOHUDWLRQî

GHFHOHUDWLRQ %

�

ëä

$FFHOHUDWLRQî

GHFHOHUDWLRQ

SDWWHUQ

VHOHFWLRQ

ê

õ1RWHô

%DFNODVK

FRPSHQVDWLRQ

DFFHOHUDWLRQî

GHFHOHUDWLRQ

�

1RWHã )RU (èíí ñ EDFNODVK FRPSHQVDWLRQ

DFFHOHUDWLRQîGHFHOHUDWLRQ FDQQRW EH VHOHFWHGï
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ìô 6ðSDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQ $ &20021

7\SH $ LV PD[LPXP LQ DFFHOHUDWLRQ VSHHG

QHDU WKH EDVH IUHTXHQF\ õIEô DV VKRZQ EHORZï

+HQFHñ LW PDNHV IDVW

DFFHOHUDWLRQîGHFHOHUDWLRQ LQ D ODUJH PRWRUð

JHQHUDWHG WRUTXH UDQJH DQG VPRRWK

DFFHOHUDWLRQîGHFHOHUDWLRQ LQ D VPDOO WRUTXH

UDQJHñ E\ PDNLQJ XVH RI WKH PRWRU WRUTXHï

7KHUHIRUHñ DV FRPSDUHG WR OLQHDU

DFFHOHUDWLRQîGHFHOHUDWLRQñ W\SH $ FDQ UHGXFH

WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH WR UHDFK

ìëí+] RU JUHDWHUñ DW ZKLFK WKH PRWRU RXWSXW

WRUTXH LV VPDOOñ õHïJï DSSOLFDWLRQ WR PDFKLQH

WRROVôï

IPD[

IE

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

$FFHOîGHFHO
WLPH VHWWLQJ

6ðSDWWHUQ $

7LPH

/LQHDU UDPS

6ð3DWWHUQ $FFHOHUDWLRQî'HFHOHUDWLRQ $

1RWHã )RU 6ðSDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQ $ñ WKH

DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPH VHWWLQJV

õ 3Uï æñ 3Uï åñ 3Uï ìçñ 3Uï ééñ 3Uï éèñ 3Uï ììíñ

3Uï ìììô VKRXOG EH WKH DFFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHV UHTXLUHG WR UHDFK WKH EDVH

IUHTXHQF\ñ 3Uï êñ QRW WKH DFFHOHUDWLRQî

GHFHOHUDWLRQ UHIHUHQFH IUHTXHQF\ñ 3Uï ëíï )RU

H[DPSOHñ ZKHQ DFFHOHUDWLRQîGHFHOHUDWLRQ LV

PDGH WR ìëí+] LQ ê VHFRQGV DW WKH EDVH

IUHTXHQF\ñõ 3Uï êôñ RI çí+]ñ VHW ìïè VHFRQGV LQ

3Uï æ DQG 3Uï åï

ëô 6ðSDWWHUQ DFFHOHUDWLRQîGHFHOHUDWLRQ % &20021

7\SH % PDNHV 6ðSDWWHUQ DFFHOHUDWLRQ

îGHFHOHUDWLRQ ZKHQ WKH IUHTXHQF\ VHWWLQJ

õUXQQLQJ IUHTXHQF\ E\ WKH H[WHUQDO LQSXW

VLJQDO RU IURP WKH RSHUDWLRQ SDQHOô FKDQJHV WR

FRPSHQVDWH IRU WKH VKRFN RFFXUULQJ DW VWDUW

DQG VWRSñ WKHUHE\ SUHYHQWLQJ WKH FROODSVH RI

FDUJR EHLQJ WUDQVIHUUHGï )RU LQVWDQFHñ

DFFHOHUDWLRQîGHFHOHUDWLRQ LV PDGH LQ DQ

6ðSDWWHUQ LQ D UDQJH ZKHUH WKH VHW IUHTXHQF\

FKDQJHV DV VKRZQ EHORZ õHïJï DSSOLFDWLRQ WR

WUDQVIHU PDFKLQHVô

Ië

Iì

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

7LPH

6ð3DWWHUQ $FFHOHUDWLRQî'HFHOHUDWLRQ %

õäô%DFNODVK FRPSHQVDWLRQ > 3Uï ëäñ ìéí WR ìéê@
$èíí

7KH JHDUV RI D VSHHG UHGXFHU HWFï KDYH PHVKLQJ

FOHDUDQFHV ZKLFK FUHDWH D GHDG ]RQH EHWZHHQ

IRUZDUG URWDWLRQ DQG UHYHUVH URWDWLRQï 7KLV GHDG

]RQH LV FDOOHG EDFNODVK DQG WKLV FOHDUDQFH GRHV

QRW DOORZ D PHFKDQLFDO V\VWHP WR IROORZ XS WKH

PRWRU VSHHG LI WKH PRWRU KDV VWDUWHG UXQQLQJï

6SHFLILFDOO\ñ ZKHQ WKH GLUHFWLRQ RI URWDWLRQ LV

FKDQJHG RU ZKHQ RSHUDWLRQ LV VZLWFKHG IURP

FRQVWDQW VSHHG WR GHFHOHUDWLRQñ H[FHVVLYH WRUTXH

LV SURGXFHG RQ WKH PRWRU VKDIWñ UHVXOWLQJ LQ DEUXSW

PRWRU FXUUHQW LQFUHDVH RU UHJHQHUDWLYH VWDWXVï

7KLV FDQ EH DYRLGHG E\ WKH ûEDFNODVK

FRPSHQVDWLRQû IXQFWLRQï
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6HW ûêû LQ 3Uï ëä WR PDNH WKH EDFNODVK

FRPSHQVDWLRQ IXQFWLRQñ 3Uï ìéí WR 3Uï ìéêñ

DFFHVVLEOHï

1RWH WKDW WKH DFFHOHUDWLRQîGHFHOHUDWLRQ SDWWHUQ IRU

WKH EDFNODVK FRPSHQVDWLRQ LV WKH OLQHDU DFFHOHUDWLRQ

îGHFHOHUDWLRQï 7KH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH LV

LQFUHDVHG E\ WKH VWRS WLPHï

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

7LPH

3Uï ìéí

'Iì

'Wì
3Uï ìéì

'Wë
3Uï ìéê

3Uï ìéë

'Ië

%DFNODVK &RPSHQVDWLRQ)XQFWLRQ

5HODWHG WR %DFNODVK &RPSHQVDWLRQ

3DUDPHWHU

QXPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ
5HPDUNV

ëä
$FFHOHUDWLRQîGHFHOHUDWLR

Q SDWWHUQ VHOHFWLRQ
íñìñëñê � í êã%DFNODVK FRPSHQVDWLRQ

ìéí
6WRSSLQJ IUHTXHQF\ IRU

EDFNODVK DFFHOHUDWLRQ
í WR éíí+] íïíì+] ì+]

ìéì
6WRSSLQJ IUHTXHQF\ IRU

EDFNODVK DFFHOHUDWLRQ
í WR êçí V íïì V íïè V

ìéë
6WRSSLQJ IUHTXHQF\ IRU

EDFNODVK DFFHOHUDWLRQ
í WR éíí+] íïíì+] ì+]

ìéê
6WRSSLQJ IUHTXHQF\ IRU

EDFNODVK DFFHOHUDWLRQ
í WR êçí V íïì V íïè V

0DGH YDOLG ZKHQ 3Uï ëä ê
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1.6.9 Output frequencies and output voltages [ Pr. 0, 3, 14, 19, 46, 47,
112*, 113*] COMMON

(* Pr.  112 and 113 are not provided for E500 .)

The inverter controls not only the output frequency
but also the output voltage. The relationship between
the output frequency and voltage is as follows:
l Pr.  14 allows the load pattern to be selected

between a linear ramp (for constant torque load)
and a square curve (for variable torque load) for
the ratio of the output voltage to the output
frequency at not more than the base frequency.

l When the base frequency is reached, the output
voltage is maximum and is almost equal to the
input power supply voltage. At no less than the
base frequency, the output voltage is kept
constant. Pr.  19 allows setting of the output
voltage at not less than the base frequency. Note
that the voltage output is less than the power

supply voltage.
l The output voltage varies according to the power

supply voltage. The voltage is limited to within the
base frequency voltage set in Pr.  19.

l Set the base frequency in Pr.  3 (V/F).
l Set the output voltage at the output frequency of 0

in Pr.  0 (manual torque boost) to control the
motor starting torque.

l % indicated for the torque boost (manual), Pr.  0,
assumes that the output voltage at not less than
the base frequency (nearly equal to the power
supply voltage) is 100%. When a value has been
set in Pr.  19, base frequency voltage, that value
is regarded as 100%.

Functions Related to Output Voltage

Parameter

Number
Name Setting Range

Minimum

Setting

Increments

Factory Setting

3 V/F (base frequency) 0 to 400Hz 0.01Hz 60Hz

47
Second V/F

(base frequency)
0 to 400Hz, 9999 0.01Hz 9999

113

(Note 1)

Third V/F

(base frequency)
0 to 400Hz, 9999 0.01Hz 9999

19 Base frequency voltage 0 to 1000V, 9999 0.1V 9999

A500

0.75K or less 6%
1.5K to 3.7K 4%
5.5K, 7.5K 3%

0 Torque boost (manual) 0 to 30% 0.1%

11K or more 2%

E500

6% for other

than below

400V 5.5K, 7.5K

4%

46
Second torque boost

(manual)
0 to 30%, 9999 0.1% 9999

112

(Note 1)

Third torque boost

(manual)
0 to 30%, 9999 0.1% 9999

0 Constant torque  ¡

1 Variable torque  

2
For elevation

(boost 0% for reverse rotation)
 

3
For elevation

(boost 0% for forward rotation)
 

4

 (Note 1)

Constant torque-elevation

(boost 0% for reverse rotation)

change-over

 

14 Load pattern selection

5

 (Note 1)

Constant torque-elevation

(boost 0%for forward rotation)

change-over

 

Note: 1. Not available for  E500 .
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7KH VHWWLQJ FRQGLWLRQV RI WKH UHOHYDQW IXQFWLRQV

õSDUDPHWHUVô DQG WKH UHODWLRQVKLS EHWZHHQ WKH

IDFWRU\ðVHW RXWSXW IUHTXHQF\ DQG RXWSXW YROWDJH DUH

LQGLFDWHG LQ WKH SUHYLRXV WDEOH DQG WKH IROORZLQJ

GLDJUDPï

3Uï ì

3Uï ê

3Uï í

íïè çí ìëí
í

ìíí

2
XW
SX
WY
RO
WD
JH

õø
ô

2XWSXW IUHTXHQF\ õ+]ô

&RQVWDQWðWRUTXH ORDG
3Uï ìé  í

)DFWRU\ð6HW 2XWSXW )UHTXHQF\ YVï 2XWSXW 9ROWDJH

õìô/RDG SDWWHUQ VHOHFWLRQ > 3Uï ìé@ &20021

$OORZV WKH RSWLPXP 9î) FKDUDFWHULVWLF WR EH

VHOHFWHG DFFRUGLQJ WR WKH ORDG WRUTXH

FKDUDFWHULVWLF DQG RSHUDWLRQ PHWKRGï 7KLV IXQFWLRQ

LV PDGH LQYDOLG ZKHQ DGYDQFHG PDJQHWLF IOX[

YHFWRU FRQWURO õJHQHUDOðSXUSRVH PDJQHWLF IOX[

YHFWRU FRQWUROô LV FKRVHQï

ìô 6HOHFWLRQ RI FRQVWDQWðWRUTXH ORDG &20021

6SHFLI\ í WR GULYH D ORDG ZKLFK LV FRQVWDQW LQ

ORDG WRUTXH LI WKH VSHHG YDULHVñ HïJï FRQYH\RUñ

FDUWñ UROO GULYHï

ëô 6HOHFWLRQ RI YDULDEOHðWRUTXH ORDG &20021

6SHFLI\ ì WR GULYH D ORDG RI ZKLFK WRUTXH

FKDQJHV LQ SURSRUWLRQ WR WKH VTXDUH RI WKH

VSHHGñ HïJï IDQñ SXPSï 1RWH WKDW í õIRU

FRQVWDQWðWRUTXH ORDGô VKRXOG EH VSHFLILHG LI DQ\

RI WKH IROORZLQJ DSSOLHV WR WKH IDQ RU SXPSã

õDô %ORZHU ZLWK D ODUJH LQHUWLD õ*'ëô LV

DFFHOHUDWHG LQ D VKRUW WLPHï

õEô /RDG WRUTXH LV FRQVWDQWñ HïJï URWDU\ SXPSñ

JHDU SXPSï

õFô /RDG WRUTXH LQFUHDVHV DW ORZ VSHHGñ HïJï

VFUHZ SXPSï

:KHQ WKH YDULDEOHðWRUTXH ORDG KDV EHHQ VHOHFWHGñ

WKH PD[LPXP IUHTXHQF\ OLPLW VHW LQ 3Uï ì VKRXOG EH

HTXDO WR RU OHVV WKDQ WKH EDVH IUHTXHQF\ VHW LQ 3Uï ê

õQRUPDOO\ èí RU çíô XQOHVV WKH PRWRU FDSDFLW\ LV

FRQVLGHUDEO\ VXIILFLHQWï :KHQ WKH YDULDEOHðWRUTXH

ORDG KDV EHHQ VHOHFWHGñ WKH RXWSXW YROWDJH LV

DSSUR[LPDWHO\ SURSRUWLRQDO WR WKH VTXDUH RI WKH

RXWSXW IUHTXHQF\ï

3Uï í

íïè
í

ìíí

3Uï ìñ 3Uï ê

2
XW
SX
WY
RO
WD
JH

õø
ô

9DULDEOHðWRUTXH ORDG
3Uï ìé  ì

èí RU çí
2XWSXW IUHTXHQF\ õ+]ô

2XWSXW )UHTXHQF\ YVï 2XWSXW 9ROWDJH ZKHQ 9DULDEOHð

7RUTXH /RDG ,V 6HOHFWHG

3ô 6HOHFWLRQ RI HOHYDWHG ORDG &20021

6HW ûëû LQ 3Uï ìéñ ORDG SDWWHUQ VHOHFWLRQñ IRU DQ

HOHYDWHG ORDG ZKLFK LV NHSW LQ WKH GULYLQJ PRGH

GXULQJ IRUZDUG URWDWLRQ DQG LQ WKH UHJHQHUDWLYH

PRGH GXULQJ UHYHUVH URWDWLRQï ,Q WKLV FDVHñ WKH

WRUTXH ERRVW VHW LQ 3Uï í LV PDGH YDOLG GXULQJ

IRUZDUG URWDWLRQ DQG WKH PDQXDO WRUTXH ERRVW LV

DXWRPDWLFDOO\ VHW WR íø GXULQJ UHYHUVH URWDWLRQ

DV VKRZQ EHORZï

3Uï í

íïè
í

ìíí

2
XW
SX
WY
RO
WD
JH

õø
ô

)RUZDUG
URWDWLRQ

5HYHUVH URWDWLRQ
õPDQXDO WRUTXH ERRVW  íøô

2XWSXW IUHTXHQF\ õ+]ô

3Uï ê

2XWSXW 9ROWDJH IRU (OHYDWHG /RDG

6HW ûêû LQ 3Uï ìé IRU DQ HOHYDWHG ORDG WKDW LV LQ WKH

GULYLQJ PRGH GXULQJ UHYHUVH URWDWLRQ DQG LQ WKH

UHJHQHUDWLYH PRGH GXULQJ IRUZDUG URWDWLRQ DFFRUGLQJ

WR WKH ORDG ZHLJKWñ HïJï FRXQWHUZHLJKW V\VWHPï

:KHQ FRQWLQXRXV UHJHQHUDWLRQ RFFXUV DV LQ WKH

HOHYDWHG ORDGñ VHWWLQJ WKH EDVH IUHTXHQF\ YROWDJHñ

3Uï ìäñ WR WKH UDWHG YROWDJH LV HIIHFWLYH WR VXSSUHVV

D WULS GXH WR D FXUUHQW JHQHUDWHG DW WKH WLPH RI

UHJHQHUDWLRQï
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ää

éô &KDQJLQJ RI ORDG SDWWHUQ VHOHFWLRQ $èíí

6HW ûéû RU ûèû LQ 3Uï ìé WR FKDQJH WKH ORDG

SDWWHUQ VHOHFWLRQ DFFRUGLQJ WR WKH 57 VLJQDOï

3Uï ìé

6HWWLQJ
57 6LJQDO 2XWSXW &KDUDFWHULVWLF

21
)RU FRQVWDQWðWRUTXH ORDG

õVDPH DV LQ VHWWLQJ RI íô

é

2))

)RU HOHYDWLRQ

õERRVW IRU UHYHUVH URWDWLRQ íøô
õVDPH DV LQ VHWWLQJ RI ëô

21
)RU FRQVWDQWðWRUTXH ORDG

õVDPH DV LQ VHWWLQJ RI íô

è

2))

)RU HOHYDWLRQ

õERRVW IRU IRUZDUG URWDWLRQ íøô
õVDPH DV LQ VHWWLQJ RI êô

7KH 57 VLJQDO PD\ EH UHSODFHG E\ WKH ;ìæ VLJQDOï

õëô%DVH IUHTXHQF\ > 3Uï ê@ &20021

6HFRQG EDVH IUHTXHQF\ > 3Uï éæ@ &20021

7KLUG EDVH IUHTXHQF\ > 3Uï ììê@ $èíí

7KH EDVH IUHTXHQF\ LQGLFDWHV D IUHTXHQF\ DW WKH

UDWHG WRUTXH RI WKH PRWRUï ,W LV èí+] RU çí+] IRU

VWDQGDUG PRWRUVï

7R SHUIRUP WKH VZLWFKðRYHU RSHUDWLRQ RI WZR õRU

WKUHHô PRWRUV E\ RQH LQYHUWHUñ WKH EDVH IUHTXHQF\

GHGLFDWHG WR RQH PRWRU FDQ EH VHW LQ 3Uï éæ

õ 3Uï ììêôï õ0DGH YDOLG ZKHQ WHUPLQDOV 57 õ;äôð

6' DUH VKRUWHGïô 6HW ûääääû õIDFWRU\ VHWWLQJô LQ

3Uï éæ õ 3Uï ììêô WR VHW WKH VDPH YDOXH DV LQ

3Uï êï

)RU $èíí ñ 3Uï ììê LV PDGH YDOLG ZKHQ ERWK WKH

57 DQG ;ä VLJQDOV DUH RQï

7KH EDVH IUHTXHQF\ RI D VWDQGDUG PRWRU LV

GHWHUPLQHG DV IROORZVã

ìô :KHQ D QHZ PDFKLQH LV LQVWDOOHGñ LW LV

UHFRPPHQGHG WR VHW WKH EDVH IUHTXHQF\ WR

çí+] EHFDXVH çí+] FDQ EH RXWSXW HYHQ LQ D

èí+] GLVWULFW DQG WKH PRWRU WRUTXH PD\ EH

XWLOL]HG PRUH HIIHFWLYHO\ E\ VHWWLQJ WKH EDVH

IUHTXHQF\ WR çí+] LQVWHDG RI èí+]ï

ëô 6HW WKH EDVH IUHTXHQF\ WR èí+] ZKHQ XVLQJ

WKH LQYHUWHU ZLWK WKH H[LVWLQJ PDFKLQH ZKLFK LV

GULYHQ E\ WKH FRPPHUFLDO SRZHU VXSSO\ LQ D

èí+] GLVWULFWï

êô *HQHUDOO\ñ VHWWLQJ WKH EDVH IUHTXHQF\ WR KLJKHU

WKDQ çí+] KDV QR DGYDQWDJHï

éô 7KH IROORZLQJ GHSHQGV RQ ZKHWKHU WKH EDVH

IUHTXHQF\ KDV EHHQ VHW WR èí+] RU çí+]ã

õDô 6HOHFWLRQ RI GDWD RQ WKH WRUTXH FDSDELOLW\ RI

WKH VWDQGDUG PRWRU XVHG ZLWK WKH LQYHUWHUï

õEô 5DWHG WRUTXH YDOXH õLQ øô RI WKH VWDQGDUG

PRWRU FRUUHVSRQGLQJ WR ìííø WRUTXHï

,I WKH EDVH IUHTXHQF\ XVHG LV RWKHU WKDQ èí+] RU

çí+]ñ D VSHFLDO PRWRU GHVLJQHG WR PHHW WKDW EDVH

IUHTXHQF\ LV UHTXLUHGï

õêô%DVH IUHTXHQF\ YROWDJH > 3Uï ìä@ &20021

:KHQ WKH YDOXH VHW LV HTXDO WR RU OHVV WKDQ WKH

SRZHU VXSSO\ YROWDJHñ WKH PD[LPXP RXWSXW

YROWDJH RI WKH LQYHUWHU LV WKH YDOXH VHW LQ 3Uï ìäï

,I WKH SRZHU VXSSO\ YROWDJH ULVHVñ WKH RXWSXW

YROWDJH GRHV QRW H[FHHG WKH VHW YDOXHï

3Uï ìä

Iõ+]ô
2
XW
SX
WY
RO
WD
JH

3RZHU VXSSO\ YROWDJH

3Uï ê
õ%DVH IUHTXHQF\ô

IE

%DVH )UHTXHQF\ 9ROWDJH

7KH EDVH IUHTXHQF\ YROWDJH PD\ EH XWLOL]HG IRU WKH

IROORZLQJ FDVHVã

ìô 5HJHQHUDWLYH IUHTXHQFLHV DUH KLJK õVXFK DV

FRQWLQXRXV UHJHQHUDWLRQôï

$W WKH WLPH RI UHJHQHUDWLRQñ WKH RXWSXW YROWDJH

PD\ EHFRPH KLJKHU WKDQ WKH 9î) UHIHUHQFH

YDOXHñ FDXVLQJ DQ RYHUFXUUHQW WULS GXH WR WKH

LQFUHDVH LQ PRWRU FXUUHQWï 7KLV FDQ EH

SUHYHQWHGï

ëô )OXFWXDWLRQ RI SRZHU VXSSO\ YROWDJH LV ODUJHï

,I WKH SRZHU VXSSO\ YROWDJH H[FHHGV WKH UDWHG

PRWRU YROWDJHñ H[FHVVLYH WRUTXH RU LQFUHDVHG

PRWRU FXUUHQW PD\ FDXVH WKH VSHHG WR IOXFWXDWH

JUHDWO\ RU WKH PRWRU WR RYHUKHDWï 7KLV FDQ EH

SUHYHQWHGï

êô 7R H[SDQG WKH FRQVWDQWðRXWSXW FKDUDFWHULVWLF

UDQJHï

7KH FRQVWDQW RXWSXW UDQJH LV DERYH WKH EDVH

IUHTXHQF\ï 7R H[SDQG WKH FRQVWDQW RXWSXW

UDQJH E\ UHGXFLQJ WKH PLQLPXP VHWWLQJ èí+]

RI WKH EDVH IUHTXHQF\ñ VHW WKH EDVH IUHTXHQF\

YROWDJH WR KLJKHU WKDQ WKH SRZHU VXSSO\

YROWDJHï ,Q WKLV FDVHñ WKH PRWRU XVHG VKRXOG EH

RI VSHFLDO VSHFLILFDWLRQVï
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ìíí

Iõ+]ôIE

2
XW
SX
WY
RO
WD
JH

&RQVWDQW RXWSXW UDQJH

$SSUR[LPDWHO\ HTXDO WR
SRZHU VXSSO\ YROWDJH

3Uï ê

3Uï ìä

2XWSXW 9ROWDJH 'HULYHG E\ 6HWWLQJ %DVH )UHTXHQF\

9ROWDJH WR +LJKHU WKDQ 3RZHU 6XSSO\ 9ROWDJH

õéô0DQXDO WRUTXH ERRVW > 3Uï í@ &20021

6HFRQG PDQXDO WRUTXH ERRVW > 3Uï éç@ &20021

7KLUG PDQXDO WRUTXH ERRVW > 3Uï ììë@ $èíí

$OORZV WKH RXWSXW YROWDJH DW WKH RXWSXW IUHTXHQF\

RI í+] WR EH VHW WR FRQWURO WKH PRWRU VWDUWLQJ

WRUTXHï &KDQJH WKH VHWWLQJ RI WKH WRUTXH ERRVW

RQO\ ZKHQ WKH VWDUWLQJ WRUTXH LV QRW DSSURSULDWHï

7R SHUIRUP VZLWFKðRYHU RSHUDWLRQ RI WZR õRU WKUHHô

PRWRUV E\ RQH LQYHUWHUñ WKH PDQXDO WRUTXH ERRVW

GHGLFDWHG WR RQH PRWRU FDQ EH VHW LQ 3Uï éç

õ 3Uï ììëôï õ0DGH YDOLG ZKHQ WHUPLQDOV 57 õ;äôð

6' DUH VKRUWHGïô 6HW ûääääû õIDFWRU\ VHWWLQJô LQ

3Uï éç õ 3Uï ììëô WR GHILQH WKH VDPH YDOXH DV LQ

3Uï íï

:KHQ ERWK WKH 57 DQG ;ä VLJQDOV DUH RQ LQ
$èíí ñ 3Uï ììë LV PDGH YDOLGï

ìô 7R LQFUHDVH WKH VWDUWLQJ WRUTXHï

7KH IROORZLQJ ILJXUH VKRZV WKH PRWRU WRUTXH

DQG FXUUHQW FKDUDFWHULVWLF H[DPSOHV LQ ZKLFK

WKH VWDUWLQJ IUHTXHQF\ õ 3Uï ìêô LV VXSSUHVVHG

WR D ORZ YDOXH DQG WKH WRUTXH ERRVW LV

LQFUHDVHG VR WKDW WKH PRWRU PD\ EH VWDUWHG DW

WKH VWDUWLQJ FXUUHQW ORZHU WKDQ WKH VWDOO

SUHYHQWLRQ FXUUHQWï

èí

ìíí

ç+]é+]

èí

ìèí

ç+]é+]

ìíí

ëíí

í

í

7
RU
T
XH

õø
ô 7RUTXH ERRVW  åø

7RUTXH ERRVW  éø

&
XU
UH
Q
Wõ
ø
ô

,QYHUWHU RYHUFXUUHQW
VKXWðRII DFWLYDWLQJ FXUUHQW

,QYHUWHU VWDOO SUHYHQWLRQ
RU FXUUHQW OLPLW IXQFWLRQ
DFWLYDWLQJ FXUUHQW

6SHHG >UîPLQ@

7RUTXH %RRVWñ 0RWRU 7RUTXH DQG &XUUHQW ([DPSOHV

1RWHã ìï :KHQ WKH WRUTXH ERRVW VHWWLQJ LV JUHDWHU

WKDQ WKH IDFWRU\ VHWWLQJñ WKH FRQWLQXRXVO\

XVDEOH IUHTXHQF\ UDQJH LV QDUURZHG

EHFDXVH WKH QRðORDG FXUUHQW RI WKH PRWRU

LQFUHDVHVï :KHQ WKH WRUTXH ERRVW YDOXH LV

åøñ IRU H[DPSOHñ WKH IUHTXHQF\ RI ìè+] RU

OHVV FDQQRW EH XVHG FRQWLQXRXVO\ï

ëï ,I WKH VWDUWLQJ IUHTXHQF\ õ 3Uï ìêô VHWWLQJ LV

WRR KLJKñ WKH VWDUWLQJ FXUUHQW LQFUHDVHVñ

DFWLYDWLQJ WKH FXUUHQW OLPLW IXQFWLRQï

êï 7RR KLJK VHWWLQJ RI WKH WRUTXH ERRVW

VDWXUDWHV WKH PDJQHWLF IOX[ RI WKH PRWRU

LURQ FRUHñ ZKLFK LQFUHDVHV WKH PRWRU

FXUUHQW DQG DFWLYDWHV WKH FXUUHQW OLPLW

IXQFWLRQï

ëô 7R VXSSUHVV PRWRU YLEUDWLRQ DW ORZ IUHTXHQF\ï

9LEUDWLRQ PD\ EH VXSSUHVVHG E\ VHWWLQJ WKH

WRUTXH ERRVW YDOXH WR ORZHU WKDQ WKH IDFWRU\

VHWWLQJ õWKLV LV DSSOLFDEOH RQO\ ZKHQ WKH PRWRU

FDSDFLW\ LV VXIILFLHQWôï ,Q WKLV FDVHñ WKH PRWRU

VWDUWLQJ WRUTXH LV UHGXFHGï

&KDQJH WKH WRUTXH ERRVW VHWWLQJ DFFRUGLQJ WR

DFWXDO RSHUDWLRQ DQG FKHFN WKDW WKH DERYH

SUREOHP GRHV QRW RFFXUï

1RWHã ì :KHQ XVLQJ WKH LQYHUWHUðGHGLFDWHG PRWRU

õFRQVWDQWðWRUTXH PRWRUôñ FKDQJH WKH

VHWWLQJ DV IROORZVã

íïæè. RU OHVV ïïï çøñ ìïè. WR êïæ. ïïï éøñ

èïè. RU PRUH ïïï ëø

ë ,I WKH VHWWLQJ RI $èíí èïè. RU æïè. LV DV

LQGLFDWHG EHORZñ WKLV SDUDPHWHU YDOXH LV

DXWRPDWLFDOO\ FKDQJHG E\ FKDQJLQJ WKH

3Uï æì VHWWLQJã

ìô :KHQ 3Uï í YDOXH LV êøõIDFWRU\ VHWWLQJôï

:KHQ WKH 3Uï æì VHWWLQJ LV FKDQJHG IURP WKH

YDOXH IRU FKRRVLQJ WKH VWDQGDUG PRWRU õíñ ë WR

åñ ëíñ ëêñ ëéô WR WKH YDOXH IRU FKRRVLQJ WKH

FRQVWDQWðWRUTXH PRWRU õìñ ìê WR ìåôñ WKH 3Uï í

VHWWLQJ LV DXWRPDWLFDOO\ FKDQJHG WR ëøï

ëô :KHQ 3Uï í YDOXH LV ëøï

:KHQ WKH 3Uï æì VHWWLQJ LV FKDQJHG IURP WKH

YDOXH IRU FKRRVLQJ WKH FRQVWDQWðWRUTXH PRWRU

õìñ ìê WR ìåô WR WKH YDOXH IRU FKRRVLQJ WKH

VWDQGDUG PRWRU õíñ ë WR åñ ëíñ ëêñ ëéôñ WKH 3Uï

í VHWWLQJ LV DXWRPDWLFDOO\ FKDQJHG WR êø

õIDFWRU\ VHWWLQJôï
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1.6.10 DC injection brake [ Pr.  10 to 12] COMMON

The motor driven by the inverter is decelerated to a
stop by the DC dynamic brake at 3Hz or less. The
DC dynamic brake operation time and torque (DC
dynamic brake voltage) are adjustable.
In addition, the DC dynamic brake operation
frequency, Pr.  10 (factory-set to 3Hz) can also be
changed.

Functions Related to DC Dynamic Brake

Parameter

Number
Name

Setting

Range

Minimum

Setting

Increments

Factory

Setting

10

DC

dynamic

brake

operation

frequency

0 to

120Hz,

9999

(Note 1)

0.01Hz 3Hz

11

DC

dynamic

brake

operation

time

0 to 10 s,

8888

(Note 2)

0.1 s 0.5 s

E500  6%

12

DC

dynamic

brake

voltage

0 to 30% 0.1%
A500  7.5K

or less: 4%

11K or more:

2%

Note: 1. 9999 may be set for A500 . When 9999 is
set in Pr.  10, the motor is decelerated to
the frequency set in Pr.  13 (starting
frequency), at which the DC dynamic brake
is applied.

2. 8888 may be set for A500 . When 8888 is
set in Pr.  11, DC dynamic brake is started
by shorting X13-SD and kept applied while
these terminals are shorted.

3. When using the inverter-dedicated motor
(constant-torque motor), change the
setting of Pr.  12 (DC dynamic voltage) as
follows:
3.7K or less ... 4%, 5.5K or more ... 2%

4. Setting 0 (seconds) in the DC dynamic
brake operation time disables the DC
dynamic brake and causes the
regenerative brake to be applied down to
0.5Hz (frequency set in Pr.  13 if the Pr.

13 value is less than 0.5Hz) or the DC
dynamic brake operation frequency,
coasting the motor to a stop.

5. A longer time should be set if load inertia is
too large to stop the motor in the brake
operation time of 0.5 seconds.

6. Setting 0 (%) in the DC dynamic brake
voltage coasts the motor to a stop at 0.5Hz
(frequency set in Pr.  13 if the Pr.  13
value is less than 0.5Hz) or the DC
dynamic brake operation frequency. (Refer
to Section 1.4.5.)

7. A too high DC dynamic brake voltage may
cause an overcurrent trip. Reduce the
voltage setting if an overcurrent trip occurs
during the DC dynamic brake operation.

8. If the Pr.  12 setting of FR-A500-5.5K,
7.5K is as indicated below, this parameter
value is automatically changed by
changing the Pr.  71 setting:

1) When Pr.  12 value is 4% (factory setting)
When the Pr.  71 setting is changed from the
value for choosing the standard motor (0, 2 to
8, 20, 23, 24) to the value for choosing the
constant-torque motor (1, 13 to 18), the Pr.  12
setting is automatically changed to 2%.

2) When Pr.  12 value is 2%
When the Pr.  71 setting is changed from the
value for choosing the constant-torque motor
(1, 13 to 18) to the value for choosing the
standard motor (0, 2 to 8, 20, 23, 24), the
Pr. 12 setting is automatically changed to 4%

(factory setting).
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ìïçïìì 5HJHQHUDWLYH EUDNH GXW\ õø('ô > 3Uï êíñ æí@ &20021

õìô5HJHQHUDWLYH EUDNH GXW\ &20021

)5ð$èíí ðæïè. RU OHVV KDV D EXLOWðLQ EUDNH UHVLVWRUï ,WV

VWDQGDUG GXW\ LV DV OLVWHG EHORZï

:KHQ LQFUHDVLQJ WKH EUDNH UHVLVWRU GXW\ RU XVLQJ WKH

(èíí ñ DQ H[WHUQDO EUDNH UHVLVWRU PXVW EH FRQQHFWHG WR

WKH LQYHUWHU DQG DOVR WKH VHWWLQJ PXVW EH FKDQJHG

DFFRUGLQJ WR WKH UHVLVWRUï

,I WKH VHW GXW\ LV H[FHHGHGñ WKH EUDNH UHVLVWRU RYHUKHDW

SURWHFWLRQ IXQFWLRQ LV DFWLYDWHGï )RU IXOO LQIRUPDWLRQ RQ

WKH EUDNH UHVLVWRU RYHUKHDW SURWHFWLRQ IXQFWLRQñ UHIHU WR

6HFWLRQ ìïæïéï

)XQFWLRQV 5HODWHG WR 5HJHQHUDWLYH %UDNH 'XW\

,QYHUWHU &DSDFLW\
3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ 5DQJH

õ9DOXHô

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

3HUPLVVLEOH

%UDNH 'XW\ $èíí (èíí

êø ëíí9 êïæ. RU OHVV
$OO FDSDFLWLHV

õ1RWH êô

ëø ëíí9 èïè.ñ æïè. �

éíí9 æïè. RU OHVV �
í {

íø
ìì. RU PRUH

õ1RWH êô
�

ì õVSHFLDOô � 6HW LQ 3Uï æí $OO FDSDFLWLHV
$OO FDSDFLWLHV

õ1RWH êô

êí

5HJHQHUDWLYH

EUDNH GXW\

FKDQJH

VHOHFWLRQ

ë õKLJK SRZHU IDFWRU

FRQYHUWHU FRQQHFWLRQô

õ1RWH ìô

�

� � $OO FDSDFLWLHV �

í WR ìèø ìïè. RU OHVV �

í WR êíø ëïë. WR æïè.
$OO FDSDFLWLHV

õ1RWH êôæí

6SHFLDO

UHJHQHUDWLYH

EUDNH GXW\
õ1RQHô

íïìø íø

5HIHU WR

7HFKQLFDO 1RWH

1Rï ëëï ìì. RU PRUH

õ1RWH êô
�

1RWHã ìï 1RW SURYLGHG IRU (èíí ï

ëï )RU (èíí ñ WKH EUDNH UHVLVWRU LV QRW EXLOW LQï

êï 7KH )5ð(èëíðíïì.ñ íïë.ñ )5ð$èëíðìì. RU PRUH DQG )5ð$èéíðìì. RU PRUH FDQQRW XVH WKH EUDNH UHVLVWRUï

õëô+LJK SRZHU IDFWRU FRQYHUWHU FRQQHFWLRQ &20021

)RU FRQQHFWLRQ ZLWK WKH KLJK SRZHU IDFWRU

FRQYHUWHUñ UHIHU WR 6HFWLRQ ìïéïìéï

ìô $èíí

6HW ûëû LQ 3Uï êíï 8VLQJ DQ\ RI 3Uï ìåí WR

3Uï ìåçñ DVVLJQ WKH IROORZLQJ VLJQDOV WR WKH

LQSXW WHUPLQDOVã

;ìíã )5ð+& FRQQHFWLRQ õLQYHUWHU RSHUDWLRQ

HQDEOH VLJQDOô õ1RWH ìô

7R SURYLGH SURWHFWLYH FRRUGLQDWLRQ ZLWK WKH KLJK

SRZHU IDFWRU FRQYHUWHU õ)5ð+&ôñ WKH LQYHUWHU

RXWSXW LV VKXW RII E\ WKH LQYHUWHU RSHUDWLRQ

HQDEOH VLJQDOï

1RWHã ìï 7KH 056 VLJQDO PD\ EH XVHG LQVWHDG

RI WKH ;ìí VLJQDOï

;ììã)5ð+& FRQQHFWLRQ õLQVWDQWDQHRXV SRZHU

IDLOXUH GHWHFWLRQ VLJQDOô

:KHQ WKH FRPSXWHU OLQN LQERDUG RSWLRQ

õ)5ð$è15ô LV XVHG DQG WKH VHWWLQJ LV PDGH WR

KROG WKH PRGH DW WKH WLPH RI LQVWDQWDQHRXV

SRZHU IDLOXUH RFFXUUHQFHñ WKH KROGLQJ RSHUDWLRQ

LV SHUIRUPHG E\ WKLV VLJQDOï 7KH LQVWDQWDQHRXV

SRZHU IDLOXUH GHWHFWLRQ VLJQDO RI WKH KLJK SRZHU

IDFWRU FRQYHUWHU LV LQSXWï

$W WKLV WLPHñ WKH 3Uï ï æí VHWWLQJ LV PDGH LQYDOLGï

ëô (èíí

6HW ûíû LQ 3Uï êíï 7KH LQSXW VLJQDOV DUH QRW

DOORFDWHGï
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ìíê

ìïçïìë (OHFWURQLF WKHUPDO UHOD\ > 3Uï äñ éåóñ æì@ &20021

õó 3Uï éå LV D GLIIHUHQW IXQFWLRQ IRU $èíí ïô

6SHFLI\ WKH RSHUDWLRQ OHYHO RI WKH HOHFWURQLF WKHUPDO

UHOD\ ZKLFK VWRSV WKH WUDQVLVWRU RXWSXW RQ GHWHFWLRQ

RI PRWRU RYHUORDGLQJï 7KH IDFWRU\ VHWWLQJ LV WKH UDWHG

LQYHUWHU RXWSXW FXUUHQW õåèø RI WKH UDWHG LQYHUWHU

FXUUHQW IRU WKH íïæè. RU OHVVôï 6HW WKLV YDOXH

DFFRUGLQJ WR WKH DSSOLHG PRWRUï 5HIHU WR 6HFWLRQ

ìïæïè IRU PRUH LQIRUPDWLRQ RQ WKH RSHUDWLRQ

FKDUDFWHULVWLF DQG VHWWLQJ RI WKH HOHFWURQLF WKHUPDO

UHOD\ XVHG ZLWK WKH VWDQGDUG PRWRUï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ä

(OHFWURQLF

WKHUPDO

UHOD\

í WR èíí$ íïíì$

5DWHG

RXWSXW

FXUUHQW

õ1RWH ëô

éå

õ1RWH êô

6HFRQG

HOHFWURQLF

WKHUPDO

UHOD\

í WR èíí$ñ

ääää
íïíì$ ääää

1RWHã ìï 6HWWLQJ í GLVDEOHV WKH HOHFWURQLF WKHUPDO UHOD\ LQ WKH

PRWRU SURWHFWLRQ UDQJHï

ëï åèø RI WKH UDWHG LQYHUWHU FXUUHQW IRU WKH íïæè. RU OHVVï

êï 'LIIHUHQW IXQFWLRQ IRU $èíí ï

:KHQ UXQQLQJ WKH 0LWVXELVKL FRQVWDQWðWRUTXH PRWRU

GHGLFDWHG IRU LQYHUWHUVñ PDNH WKH IROORZLQJ VHWWLQJ WR

DOORZ WKH HOHFWURQLF WKHUPDO UHOD\ GHGLFDWHG WR WKLV

PRWRU WR EH VHW LQ 3Uï äï õ5HIHU WR 6HFWLRQV ìïçïëè

DQG ìïçïëçïô

3URFHGXUH ìï 6HW ûìûLQ 3Uï æìñ DSSOLHG PRWRUï

ëï 6HW WKH FXUUHQW YDOXH RI WKH FRQVWDQWð

WRUTXH PRWRU LQ 3Uï äñ HOHFWURQLF

WKHUPDO UHOD\ï

%\ WXUQLQJ RQ WKH 57 VLJQDO LQ (èíí ñ WKHUPDO UHOD\

RSHUDWLRQ LV SHUIRUPHG DV VHW LQ 3Uï éåï $VVLJQ WKH

57 VLJQDO WR DQ\ RI WKH LQSXW WHUPLQDOV E\ LQSXW

WHUPLQDO IXQFWLRQ VHOHFWLRQï :KHQ WKH 57 VLJQDO LV

RQñ WKH RWKHU VHFRQG IXQFWLRQ LV DOVR VHOHFWHGï

ìïçïìê 2XWSXW VWRS FLUFXLW VHOHFWLRQ > 3Uï ìæ@ $èíí

7HUPLQDO 056 õRXWSXW VWRSô FDQ EH FKDQJHG WR WKH

QRUPDOO\ FORVHG õ1î& FRQWDFWô LQSXW IHDWXUHï ,Q WKLV

FDVHñ VHW ûëû LQ 3Uï ìæï

7HUPLQDO 056 6ZLWFKLQJ

3Uï ìæ

6HWWLQJ
7HUPLQDO 056 )XQFWLRQ

1RUPDOO\ RSHQ LQSXW 1RUPDOO\ FORVHG LQSXW

í {

ë {

6'

056

6'

6HWWLQJ í õIDFWRU\ VHWWLQJô

,QYHUWHU
2XWSXW VWRS

6HWWLQJ ë

,QYHUWHU
2XWSXW VWRS

056

7HUPLQDO 056 &RQQHFWLRQ ([DPSOH

ìïçïìé 5HVHW WHUPLQDO IXQFWLRQ VHOHFWLRQñ 38 GLVFRQQHFWLRQ GHWHFWLRQñ 38
VWRS VHOHFWLRQ > 3Uï æè@ &20021

õìô5HVHW WHUPLQDO IXQFWLRQ VHOHFWLRQ

7KH 5(6 õUHVHWô WHUPLQDO LV QRUPDOO\ HQDEOHG IRU

LQSXWï :KHQ WHUPLQDOV 5(6ð6' DUH WXUQHG RQ

GXULQJ QRUPDO RSHUDWLRQñ WKH LQYHUWHU VKXWV RII WKH

RXWSXWñ FRDVWLQJ WKH PRWRU WR D VWRS DQG DOVR

FOHDULQJ WKH GDWD RI WKH HOHFWURQLF WKHUPDO UHOD\

DQG UHJHQHUDWLYH EUDNH GXW\ GHWHFWLRQï

6HW DQ\ RI ûìûñ ûêûñ ûìèû DQG ûìæû LQ 3Uï æè WR

HQDEOH WKH UHVHW LQSXW RQO\ ZKHQ WKH SURWHFWLYH

IXQFWLRQ LV DFWLYDWHGï
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õëô38 GLVFRQQHFWLRQ GHWHFWLRQ \HVîQR VHOHFWLRQ

1R SUREOHP DULVHV õRSHUDWLRQ FRQWLQXHVô LI WKH

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô LV GLVFRQQHFWHG

GXULQJ RSHUDWLRQï +RZHYHUñ LI WKH 38 LV

GLVFRQQHFWHG GXULQJ RSHUDWLRQ LQ WKH 38

RSHUDWLRQ PRGHñ WKHUH LV QR PHDQV RI VWRSSLQJ

WKH PRWRU H[FHSW E\ SHUIRUPLQJ D SRZHUðRQ UHVHWï

6HW DQ\ RI ûëûñ ûêûñ ûìçû DQG ûìæû LQ 3Uï æè WR VWRS

WKH RXWSXW RI WKH LQYHUWHU VLPXOWDQHRXVO\ ZLWK WKH

GLVFRQQHFWLRQ RI WKH RSHUDWLRQ SDQHO õSDUDPHWHU

XQLWô õWKH PRWRU LV FRDVWHG WR D VWRSô DQG SURYLGH

DQ DODUP RXWSXW õ(ï38(ôï

õêô38 VWRS VHOHFWLRQ

<RX FDQ FKRRVH WKH PRGH LQ ZKLFK WKH PRWRU LV

VWRSSHG E\ WKH >6723@ NH\ RI WKH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWôï

6HW DQ\ RI ûíû WR ûêû LQ 3Uï æè WR PDNH WKH

>6723@ NH\ RI WKH RSHUDWLRQ SDQHO õSDUDPHWHU

XQLWô YDOLG LQ WKH 38 RSHUDWLRQ PRGH RQO\ñ RU VHW

DQ\ RI ûìé WR ìæû WR PDNH WKH >6723@ NH\ YDOLG

LQ DQ\ RSHUDWLRQ PRGHï

:KHQ WKH PRWRU LV VWRSSHG E\ WKH >6723@ NH\

LQSXW IURP WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô LQ

WKH H[WHUQDO RSHUDWLRQ PRGHñ UHVWDUW WKH PRWRU LQ

WKH IROORZLQJ SURFHGXUHã

ìô )RU RSHUDWLRQ SDQHO

õDô $IWHU FRPSOHWLRQ RI GHFHOHUDWLRQ WR D VWRSñ

WXUQ RII WKH 67) RU 675 VLJQDOï

õEô &DOO WKH RSHUDWLRQ PRGH VHOHFWLRQ VFUHHQ

DQG SUHVV WKH >6(7@ NH\ï

õFô 7XUQ RQ WKH 67) RU 675 VLJQDOï

ëô )RU SDUDPHWHU XQLW õ)5ð38íéô

õDô $IWHU FRPSOHWLRQ RI GHFHOHUDWLRQ WR D VWRSñ

WXUQ RII WKH 67) RU 675 VLJQDOï

õEô 3UHVV WKH >(;7@ NH\ï

õFô 7XUQ RQ WKH 67) RU 675 VLJQDOï

5HVHW 7HUPLQDO )XQFWLRQ &KRLFHV

5HVHW 7HUPLQDO )XQFWLRQ 6HOHFWLRQ
38 'LVFRQQHFWLRQ <HVî1R

6HOHFWLRQ
38 6WRS 6HOHFWLRQ

3Uï æè 6HWWLQJ
5HVHW QRUPDOO\

HQDEOH

5HVHW HQDEOH DW

DODUP RQO\

38

GLVFRQQHFð

WDEOH

38

GLVFRQQHFð

WLRQ DODUP

RXWSXW

38 VWRSSHG LQ 38

PRGH RQO\

38 VWRSSHG LQ DQ\

PRGH

í { { {

ì { { {

ë { { {

ê { { {

ìé õIDFWRU\ VHWWLQJô { { {

ìè { { {

ìç { { {

ìæ { { {

ìïçïìè 6WDOO SUHYHQWLRQ õFXUUHQW OLPLWô
> 3Uï ëëñ ëêñ éåóñ éäóñ ççñ ììéóñ ììèóñ ìéåóñ ìéäóñ ìèéóñ ìèçñ ìèæóô &20021

ó 3Uï éå LV D GLIIHUHQW IXQFWLRQ IRU (èíí ï

3Uï éäñ ììéñ ììèñ ìéåñ ìéäñ ìèé DQG ìèæ DUH QRW SURYLGHG IRU (èíí ï

õìô6WDOO SUHYHQWLRQ õFXUUHQW OLPLWô RSHUDWLRQ OHYHO

> 3Uï ëë@ &20021

$OORZV VHWWLQJ RI WKH FXUUHQW OHYHO DW ZKLFK VWDOO

SUHYHQWLRQ LV DFWLYDWHG õø YDOXH LQ UHODWLRQ WR WKH

UDWHG LQYHUWHU RXWSXW FXUUHQWôï

$OORZV WKH RXWSXW VLJQDO WR EH SURYLGHG IURP WKH

RSHQ FROOHFWRU RXWSXW ZKHQ WKH VWDOO SUHYHQWLRQ LV

DFWLYDWHGï

,I WKH RXWSXW FXUUHQW RI WKH LQYHUWHU H[FHHGV WKH

VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHOñ WKH FXUUHQW OLPLW

IXQFWLRQ LV DFWLYDWHG WR FRQWURO WKH RXWSXW

WUDQVLVWRU VR WKDW WKH FXUUHQW EH\RQG WKDW YDOXH

GRHV QRW IORZï

,I LPSDFW RYHUORDG RFFXUVñ WKH RYHUFXUUHQW

SURWHFWLRQ IXQFWLRQ LV DFWLYDWHG WR SUHYHQW WKH

LQYHUWHU IURP WULSSLQJï



63(&,),&$7,216

ìíè

,I WKH RYHUORDG SHUVLVWVñ WKH PRWRU LV GHFHOHUDWHG

DFFRUGLQJ WR WKH DFFHOHUDWLRQîGHFHOHUDWLRQ VHWWLQJ

DQG FXUUHQW YDOXHï *HQHUDOO\ñ WKH PRWRU LV

GHFHOHUDWHG RQ D UDPS RI GHFHOHUDWLRQ IURP çí+]

ZLWKLQ íïì VHFRQGï

,I WKH RYHUORDG SHUVLVWV IRU D ORQJ WLPHñ WKH PRWRU

PD\ EH GHFHOHUDWHG WR D VWRS DQG WKH HOHFWURQLF

WKHUPDO UHOD\ DFWLYDWHGï

)XQFWLRQV 5HODWHG WR 6WDOO 3UHYHQWLRQ 2SHUDWLRQ

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

ëë 6WDOO SUHYHQWLRQ RSHUDWLRQ OHYHO õFXUUHQWô í WR ëííøñ ääää õ1RWH ëô íïìø ìèíø

éå õ1RWH ìô
6HFRQG VWDOO SUHYHQWLRQ

RSHUDWLRQ OHYHO
&XUUHQW í WR ëííø íïìø ìèíø

éä õ1RWH ìô )UHTXHQF\ í WR éíí+]ñ ääää íïíì+] í+]

ììé õ1RWH ìô
7KLUG VWDOO SUHYHQWLRQ

RSHUDWLRQ OHYHO
&XUUHQW í WR ëííø íïìø ìèíø

ììè õ1RWH ìô )UHTXHQF\ í WR éíí+] íïíì+] í+]

ëê
'RXEOHðVSHHG VWDOO

SUHYHQWLRQ

2SHUDWLRQ OHYHO ë

õFXUUHQWô
í WR ëííøñ ääää íïìø ääää

çç
5HGXFWLRQ VWDUWLQJ

IUHTXHQF\
í WR éíí+] íïíì+] çí+]

1RWHã ìï 1RW SURYLGHG IRU (èíí ï

ëï ääää FDQ EH VHW IRU $èíí ï 5HIHU WR SDUDJUDSK õéôï

êï :KHQ WKH VWDOO SUHYHQWLRQ LV DFWLYDWHGñ WKH RXWSXW

VLJQDO LV VZLWFKHG RQðRII DV VKRZQ RQ WKH ULJKWï :KHQ

WKH VHFRQG õWKLUGô VWDOO SUHYHQWLRQ LV DFWLYDWHGñ WKH

RXWSXW VLJQDO LV DOVR VZLWFKHG RQðRIIï

éï +LJKHU SULRULW\ LV JLYHQ WR WKH VPDOOHU VHWWLQJ RI 3Uï

ëë DQG 3Uï éåï

èï :KHQ WKH FXUUHQW OHYHO VHWWLQJ LV íñ WKH VWDOO SUHYHQWLRQ

LV QRW DFWLYDWHGï
/ /+ ++2/

2
S
HU
DW
LR
Q
FX
UU
HQ
Wõ
ø
ô

7LPH

2XWSXW VLJQDO

6WDOO SUHYHQWLRQ
RSHUDWLRQ OHYHO
õ 3Uï ëëô

2XWSXW 6LJQDO RQ $FWLYDWLRQ RI 6WDOO 3UHYHQWLRQ

õëô6HFRQGñ WKLUG VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHOV

> 3Uï éåñ éäñ ììéñ ììè@ $èíí

%\ VHWWLQJ WKH VHFRQG õWKLUGô VWDOO SUHYHQWLRQ

RSHUDWLRQ OHYHOñ WKH VWDOO SUHYHQWLRQ RSHUDWLRQ

UHJLRQ FDQ EH VHWï 7KLV FDQ EH XVHG IRU VWRSðRQð

FRQWDFW FRQWUROñ IRU H[DPSOHï

$OVRñ WKH VWDOO SUHYHQWLRQ RSHUDWLRQ FDQ EH

FKDQJHG E\ WXUQLQJ RQðRII WKH 57 õ;äô VLJQDOï 3Uï éå
3Uï ììé

$FFHOHUDWLRQ

'HFHOHUDWLRQîFRQVWDQW VSHHG

6
WD
OO
SU
HY
HQ
WLR
Q

RS
HU
DW
LR
Q
FX
UU
HQ
W

5XQQLQJ IUHTXHQF\3Uï éä
3Uï ììè

6HFRQG õ7KLUGô 6WDOO 3UHYHQWLRQ 2SHUDWLRQ
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3Uï éä

6HWWLQJ
3Uï ììè 6HWWLQJ 2SHUDWLRQ

í 6HFRQG õWKLUGô VWDOO SUHYHQWLRQ IXQFWLRQ LV QRW DFWLYDWHGï

íïíì+] WR éíí+]
6HFRQG õWKLUGô VWDOO SUHYHQWLRQ IXQFWLRQ LV DFWLYDWHG DFFRUGLQJ WR WKH

IUHTXHQF\ DV VKRZQ DERYHï õ1RWH ìô

ääää &DQQRW EH VHWï

6HFRQG VWDOO SUHYHQWLRQ IXQFWLRQ LV DFWLYDWHG DFFRUGLQJ WR WKH 57 VLJQDOï

57 VLJQDO 21 6WDOO OHYHO 3Uï éå

57 VLJQDO 2)) 6WDOO OHYHO 3Uï ëë

1RWHã ìï 7KH WKLUG VWDOO SUHYHQWLRQ IXQFWLRQ LV PDGH YDOLG E\ WXUQLQJ RQ WKH ;ä VLJQDOï $VVLJQ WKH ;ä VLJQDO WR DQ\ RI WKH LQSXW WHUPLQDOVï

ëï (YHQ LI WKH VHWWLQJ YDOXH ûíû LV VHW LQ WKH ILUVW GLJLW RI WKH WKUHH GLJLWVñ LW ZLOO QRW EH GLVSOD\HGï +RZHYHUñ LI ûíû LV VHW LQ RQO\ RQH

GLJLWñ LW ZLOO LQGLFDWH WKH VHWWLQJ YDOXH ûíííûï

êï :KHQ WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO VLJQDO LQSXW IXQFWLRQ LV VHOHFWHG õ 3Uï ëë  ääääôñ VHWWLQJ ûääääû LQ 3Uï éä FKDQJHV

WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO IURP WKH YDOXH RI WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO VLJQDO õWHUPLQDO ì LQSXWô WR WKH YDOXH

VHW LQ 3Uï éå ZKHQ WKH 57 VLJQDO VZLWFKHV RQï

éï :KHQ ERWK WKH 57 DQG ;ä VLJQDOV DUH RQñ WKH WKLUG VWDOO SUHYHQWLRQ IXQFWLRQ LV VHOHFWHGï

èï :KHQ WKH 57 õ;äô VLJQDO LV RQñ WKH VHFRQG õWKLUGô IXQFWLRQV VXFK DV VHFRQG õWKLUGô DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH DUH DOVR

VHOHFWHGï

õêô'RXEOHðVSHHG VWDOO SUHYHQWLRQ > 3Uï ëêñ çç@
&20021

:KHQ WKH PRWRU LV DFFHOHUDWHG XS WR WKH FRQVWDQW

RXWSXW UDQJH RI QRW OHVV WKDQ çí+]ñ WKH PRWRU

PD\ QRW EH DFFHOHUDWHG EHFDXVH WKH FXUUHQW GRHV

QRW LQFUHDVH LI WKH PRWRU VOLS LQFUHDVHVï 7R

LPSURYH WKH DFFHOHUDWLRQ FKDUDFWHULVWLF LQ WKLV

FDVHñ WKH FXUUHQW OLPLW OHYHO LQ WKH FRQVWDQW RXWSXW

UDQJH LV UHGXFHG LQ LQYHUVH SURSRUWLRQ WR WKH

IUHTXHQF\ï 6HW LQ 3Uï çç WKH IUHTXHQF\ DW ZKLFK

WKH UHGXFWLRQ RI WKH FXUUHQW OLPLW OHYHO LV VWDUWHGñ

DQG VHW LQ 3Uï ëê WKH UHGXFWLRQ UDWLR DW éíí+]

IL[HGï

3Uï ëë ð $ 3Uï ëêðìíí'RXEOHðVSHHG VWDOO

SUHYHQWLRQ OHYHO
 õ

3Uï ëë ð %
ôuõ

ìíí
ô

3Uï çç õ+]ôu 3Uï ëë õøô
ZKHUH $  

2XWSXW IUHTXHQF\ õ+]ô

3Uï çç õ+]ôu 3Uï ëë õøô
%  

éíí õ+]ô õ1RWH ìô

õ1RWH ìô 6HW ûääääû LQ 3Uï ëê WR PDNH WKH

FXUUHQW OLPLW OHYHO FRQVWDQW XS WR éíí+] ZLWK

WKH YDOXH VHW LQ 3Uï ëëï

3Uï ëë

í éíí+]

&
X
UU
H
Q
W
OLP

LW
OH
YH
Oõ
ø
ô 3Uï ëê  ääää

2XWSXW IUHTXHQF\

3Uï çç

3Uï ëê

'RXEOHð6SHHG 6WDOO 3UHYHQWLRQ /HYHO

õéô9DULDEOH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO

> 3Uï ëëñ ìéåñ ìéä@ $èíí

6HW ûääääû LQ 3Uï ëë WR PDNH WKH VWDOO SUHYHQWLRQ

RSHUDWLRQ OHYHO YDULDEOH DFFRUGLQJ WR WKH YROWDJH

DSSOLHG WR WHUPLQDO ìï

õ7KH IDVWðUHVSRQVH FXUUHQW OLPLW OHYHO GRHV QRW

FKDQJHïô

(QWHU í WR è9 õRU í WR ìí9ô WR WHUPLQDO 1Rï ìï

:KHQ ääää LV VHW LQ 3Uï ëëñ WKH IXQFWLRQ RI WKH

DX[LOLDU\ LQSXW WHUPLQDO LV FKDQJHG DXWRPDWLFDOO\

WR WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO VLJQDO LQSXWï
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)XQFWLRQV 5HODWHG WR 9DULDEOH 6WDOO 3UHYHQWLRQ 2SHUDWLRQ /HYHO

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ
5HPDUNV

ëë 6WDOO SUHYHQWLRQ OHYHO í WR ëííøñ ääää íïìø ìèíø ääääã DQDORJ LQSXW

ìéå
&XUUHQW OLPLW OHYHO DW

í9 LQSXW YROWDJH
í WR ëííø íïìø ìèíø õ%LDVô

ìéä

&XUUHQW OLPLW OHYHO DW

õìí9îè9ô LQSXW

YROWDJH

í WR ëííø íïìø ëííø õ*DLQô

ëííø

ìèíø

õ'&è9îìí9ô
í

&
X
UU
H
QW
OLP

LW
OH
YH
Oõ
ø
ô

,QSXW YROWDJH õ9ô

8VH 3Uï ìéå WR VHW WKH FXUUHQW
OLPLW OHYHO DW í9 LQSXW YROWDJHï

8VH 3Uï ìéä WR VHW WKH FXUUHQW OLPLW
OHYHO DW õìí9îè9ô LQSXW YROWDJHï

1RWHã ìï 7R VZLWFK EHWZHHQ í WR è9 DQG í WR ìí9ñ

FKDQJH WKH WHUPLQDO ì LQSXW YROWDJH E\

FKDQJLQJ WKH 3Uï æê VHWWLQJï

ëï :KHQ 3Uï ëë  ääääñ WKH WHUPLQDO ì LQSXW

LV H[FOXVLYHO\ XVHG IRU VHWWLQJ WKH VWDOO

SUHYHQWLRQ OHYHOï

7KHUHIRUHñ WKH DX[LOLDU\ LQSXW DQG RYHUULGH

IXQFWLRQV RI WHUPLQDO ì DUH QRW DFWLYDWHGï

õèô6WDOO SUHYHQWLRQ RSHUDWLRQ VHOHFWLRQ > 3Uï ìèéñ

ìèç@ &20021

3Uï ìèç FDQ EH VHW WR GLVDEOH WKH VWDOO SUHYHQWLRQ

RSHUDWLRQ õIDVWðUHVSRQVH FXUUHQW OLPLW IXQFWLRQô RU

WR VWRS RSHUDWLRQ ZLWK WKH 2/ VLJQDO RXWSXWï

>6HWWLQJ H[DPSOH@

)DQîSXPS ïïïïïïïïïï í

(OHYDWRUîWUDYHOLQJ PDFKLQH ïïïïïï ä

õ0DNHV VWRSSLQJ GLVWDQFH XQFKDQJHG DW WKH WLPH

RI GHFHOHUDWLRQïô

6WDOO 3UHYHQWLRQ 2SHUDWLRQ

6HOHFWLRQ

{ ïïï $FWLYDWHG

u ïïï 1RW DFWLYDWHG3Uï ìèç 6HWWLQJ

)DVWð5HVSRQVH &XUUHQW /LPLW

)XQFWLRQ 6HOHFWLRQ õ1RWH ëô

{ ïïï $FWLYDWHG

u ïïï 1RW DFWLYDWHG
'XULQJ

DFFHOHUð

DWLRQ

'XULQJ

FRQVWDQW

VSHHG

'XULQJ

GHFHOHUð

DWLRQ

2/ 2XWSXW 6LJQDO

{ ïïï 2SHUDWLRQ

FRQWLQXHG

u ïïï 2SHUDWLRQ

VWRSSHG õ1RWH ìô

í õIDFWRU\ VHWWLQJô { { { { {

ì u { { { {

ë { u { { {

ê u u { { {

é { { u { {

è u { u { {

ç { u u { {

æ u u u { {

å { { { u {

ä u { { u {

ìí { u { u {

ìì u u { u {

ìë { { u u {

ìê u { u u {

ìé { u u u {

ìè u u u u {



SPECIFICATIONS

108

Stall Prevention Operation

Selection

¡ ... Activated

×  ... Not activatedPr.  156 Setting

Fast-Response Current Limit

Function Selection (Note 2)

¡ ... Activated

× ... Not activated
During

acceler-

ation

During

constant

speed

During

deceler-

ation

OL Output Signal

¡ ... Operation

continued

×  ... Operation

stopped (Note 1)

16 ¡ ¡ ¡ ¡ ×
17 × ¡ ¡ ¡ ×
18 ¡ × ¡ ¡ ×
19 × × ¡ ¡ ×
20 ¡ ¡ × ¡ ×
21 × ¡ × ¡ ×
22 ¡ × × ¡ ×
23 × × × ¡ ×
24 ¡ ¡ ¡ × ×
25 × ¡ ¡ × ×
26 ¡ × ¡ × ×
27 × × ¡ × ×
28 ¡ ¡ × × ×
29 × ¡ × × ×
30 ¡ × × × ×
31 × × × × ×

Driven load ¡ ¡ ¡ ¡ ¡

100 Regenerative

 load
× × × × ¡

Driven load × ¡ ¡ ¡ ¡

101 Regenerative

 load
× × × × ¡

Note: 1. When "Operation not continued for OL signal output" is

selected, the "E.OLT" alarm code (stopped by stall

prevention) is displayed and operation stopped.

(Alarm stop display "E.OLT")

2. If the load is heavy, the lift is predetermined, or the

acceleration/deceleration time is short, the stall

prevention may be activated and the motor not stopped

in the preset acceleration/deceleration time. Therefore,

set optimum values for the Pr.  156 stall prevention

operation level.

For A500 , the output voltage can be reduced.
When the voltage reduces, an overcurrent trip is
more unlikely to occur but the torque reduces. When
the reduction in torque will not give rise to any
problem, set "0" in Pr.  154. Pr.  154 is not provided
for E500 .

Pr.  154 Setting Operation Factory Setting

0 Output voltage
reduced 

1 Output voltage not
reduced ¡

Note: 3. The setting "101" of Pr. 156 is not available for E500 .

(6)OL signal output timer [ Pr.  157] A500

The overload alarm (OL) signal can be output if it has persisted for longer than the time set in Pr. 157.

Pr.  157

Setting
Signal Output

Factory

Setting

0
Output according to overload (OL)
operation.

¡

0.1 to 25 Output after preset time (seconds). 

9999
Overload (OL) alarm signal is not
output.



Overload status
(OL operation)

OL output signal

Preset time (t) (s)
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ìïçïìç )UHTXHQF\ MXPS > 3Uï êì WR êç@ &20021

,I PRWRU PHFKDQLFDO UHVRQDQFH RFFXUVñ WKLV IXQFWLRQ

DOORZV WKH UXQQLQJ IUHTXHQF\ñ DW ZKLFK WKH

PHFKDQLFDO UHVRQDQFH KDV RFFXUUHGñ WR EH DYRLGHG

õMXPSHGôï

7KH IUHTXHQF\ MXPS LV GLVDEOHG ZKHQ WKH YDOXH LV DV

IDFWRU\ðVHW õääääôï

)UHTXHQF\ -XPS )XQFWLRQV

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

êì
)UHTXHQF\

MXPS ì$

êë
)UHTXHQF\

MXPS ì%

êê
)UHTXHQF\

MXPS ë$

êé
)UHTXHQF\

MXPS ë%

êè
)UHTXHQF\

MXPS ê$

êç
)UHTXHQF\

MXPS ê%

í WR éíí+]

ääää
íïíì+] ääää

õìô)UHTXHQF\ MXPS DUHD

8S WR WKUHH DUHDV PD\ EH VSHFLILHG LQ DQ\ RUGHUï

õëô)UHTXHQF\ MXPS UDQJH

7KH UDQJH LV GHWHUPLQHG E\ VHWWLQJ WKH WRS DQG

ERWWRP SRLQWV WR EH DYRLGHGñ QRW D MXPS YDOXHï

õêô -XPS SRLQW

,Q WKH MXPS UDQJHñ VHW WKH MXPS SRLQW DW ZKLFK

RSHUDWLRQ LV SHUIRUPHGï

,I WKH MXPS UDQJH VHWWLQJ LV EHWZHHQ êë DQG êå+]ñ

IRU H[DPSOHñ GHWHUPLQH DW ZKLFK IUHTXHQF\ñ êë+]

RU êå+]ñ WKH RSHUDWLRQ LV WR EH SHUIRUPHG ZKHQ

WKH IUHTXHQF\ VHWWLQJ VLJQDO LV ZLWKLQ WKH DERYH

UDQJHï 7KLV MXPS SRLQW LV GHILQHG E\ WKH IUHTXHQF\

VHW LQ 3Uï êìñ 3Uï êê RU 3Uï êè õIUHTXHQF\ MXPS

ì$ñ ë$ RU ê$ôï

3Uï êç õê%ô

3Uï êè õê$ô

3Uï êë õì%ô

3Uï êì õì$ô

3Uï êé õë%ô

3Uï êê õë$ô

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

-XPS UDQJH

)UHTXHQF\ VHWWLQJ VLJQDO

)UHTXHQF\ -XPS 6HWWLQJ

1RWHã 7KH IUHTXHQF\ MXPS LV QRW DFWLYDWHG GXULQJ

DFFHOHUDWLRQîGHFHOHUDWLRQï

õ7KH UXQQLQJ IUHTXHQF\ ZLWKLQ WKH VHW DUHD LV

YDOLGïô

êå

êë

êå

êë

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

)UHTXHQF\ VHWWLQJ VLJQDO

2
XW
SX
WI
UH
TX
HQ
F\

õ+
]ô

)UHTXHQF\ VHWWLQJ VLJQDO

3Uï êì  êë+] õì$ô

3Uï êë  êå+] õì%ô

3Uï êì  êå+] õì$ô

3Uï êë  êë+] õì%ô
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ììí

ìïçïìæ 2XWSXW VLJQDO VHOHFWLRQ > 3Uï æç@ $èíí

%\ VHWWLQJ WKH RXWSXW WHUPLQDO VZLWFKðRYHU IXQFWLRQñ 3Uï æçñ \RX FDQ FKRRVH WKH RXWSXW PHWKRGV RI IRXU

WHUPLQDOV 68ñ ,3)ñ 2/ DQG )8ï

2XWSXW 7HUPLQDO )XQFWLRQV

3Uï æç 6HWWLQJ
2XWSXW

7HUPLQDO
í õIDFWRU\ VHWWLQJô

õ1RWH ìô
ì õ1RWH ëô ë

ê õSURJUDPPHG RSHUDWLRQ

RXWSXWô õ1RWH êô

68
8SðWRðIUHTXHQF\

õ 3Uï ìäì  ìô
$ODUP FRGH ELW ê 2XWSXW DW WLPHðRXW

,3)

,QVWDQWDQHRXV

SRZHU IDLOXUH

õ 3Uï ìäë  ëô

$ODUP FRGH ELW ë 7KLUG JURXS RSHUDWLRQ

2/
2YHUORDG DODUP

õ 3Uï ìäê  êô
$ODUP FRGH ELW ì 6HFRQG JURXS RSHUDWLRQ

)8

)UHTXHQF\

GHWHFWLRQ

õ 3Uï ìäé  éô

$ODUP FRGH ELW í

'XULQJ QRUPDO RSHUDWLRQ ïïï 5XQQLQJ VWDWXV VLJQDO

õ6DPH DV LQ VHWWLQJ RI íô õ1RWH ìô

$W DODUP RFFXUUHQFH ïïï $ODUP FRGH VLJQDO õ1RWH ëô

)LUVW JURXS RSHUDWLRQ

1RWHã ìï 7KH UXQQLQJ VWDWXV VLJQDO õVHWWLQJ  íô FKDQJHV DFFRUGLQJ WR WKH RXWSXW WHUPLQDO DVVLJQPHQW VHW LQ 3Uï ìäì WR 3Uï ìäéï

õ7KH DERYH DVVLJQPHQW LV DV IDFWRU\ðVHWïô )RU IXUWKHU GHWDLOVñ UHIHU WR 6HFWLRQ ìïéïéï

ëï )RU IXOO LQIRUPDWLRQ RQ WKH DODUP GHILQLWLRQV DQG DODUP FRGHVñ UHIHU WR 6HFWLRQ ìïæï

êï )RU GHWDLOV RI SURJUDPPHG RSHUDWLRQñ UHIHU WR 6HFWLRQ ìïçïì õèôï
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1.6.18 Multi-function monitoring displays [ Pr . 52 to 56*, 158*] COMMON

(* Pr  53 and 158 are not provided for E500 .)
(1) A500

1) The operating status of the inverter can be
indicated simultaneously in four places, e.g.
operation panel (parameter unit) and external
instruments.

The data displayed can be chosen as desired
from among about 20 different types depending
on the Pr.  52 to Pr.  54 settings.

Monitoring-Related Functions

Parameter

Number
Name Description Factory Setting

52
DU/PU main display data

selection

Shown on 4-digit LED of operation panel

Shown on large-sized numeral 5-digit liquid

crystal display of PU

0 (Hz, A or V selected)

53 PU level display data selection Indicated by liquid crystal bar (analog) of PU 1 (output frequency Hz)

54 FM terminal function selection Indicated by external analog meter
1 (output frequency

indicated in Hz)

158 AM terminal function selection Indicated by analog meter from terminal AM
1 (output frequency

indicated in Hz)

2) Analog monitoring reference setting [ Pr.  55, 56]
Among the analog displays (PU level display, FM
terminal and AM terminal), the full-scale value can

be set in Pr.  55 (frequency) and Pr.  56 (current)
for the following frequency and current display
data:

Analog Monitoring Functions

Parameter

Number
Name

Setting

Range

Minimum

Setting

Increments

Factory

Setting
Monitor Display Data

Pr.  53 Setting

PU Level

Display

Pr.  54

Setting

FM Terminal

Pr.  158 Setting

AM Terminal

Output frequency (Hz) 1 1 1

Frequency setting (Hz) 5 5 5
55

Frequency

monitoring

reference

0 to

400Hz
0.01Hz 60Hz

Running speed

( Pr.  37, Pr.  144)
6 6 6

Output current (A) 2 2 2

Output current peak (A) 11 11 11

Load meter (%) 17 17 17
56

Current

monitoring

reference

0 to

500A
0.01A

Rated

inverter

output

current Motor exciting current (A) 18 18 18

00 1440

(0) (50) (100%)

PU level display FM terminal

10V DC
(Maximum)

Pulse speed (pulses/s)

AM terminal

2400
(Maximum)

Analog output

setting

Pr. 55
Pr. 56

Analog Monitoring Setting
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ììë

êô 'LVSOD\ GDWD VHOHFWLRQ > 3Uï èë WR èéñ ìèå@

'LVSOD\ 'DWD /LVW

3DUDPHWHU 6HWWLQJ

3Uï èë 3Uï èê 3Uï èé 3Uï ìèå
6LJQDO 7\SH

'LVSOD\

8QLW '8

/('

38 PDLQ

PRQLWRU

38 OHYHO

PHWHU

)0

WHUPLQDO

$0

WHUPLQDO

)XOOð6FDOH 9DOXH RI

)0ñ $0ñ /HYHO 0HWHU

1R GLVSOD\ �� u u í u u ��

2XWSXW IUHTXHQF\ +] íîìíí íîìíí ì ì ì 3Uï èè

2XWSXW FXUUHQW $ íîìíí íîìíí ë ë ë 3Uï èç

2XWSXW YROWDJH 9 íîìíí íîìíí ê ê ê éíí9 RU åíí9

$ODUP GLVSOD\ �� íîìíí íîìíí u u u ��

)UHTXHQF\ VHWWLQJ +] è ó è è è 3Uï èè

5XQQLQJ VSHHG UîPLQ ç ó ç ç ç
3Uï èè YDOXH FRQYHUWHG LQWR

3Uï êæ YDOXH

0RWRU WRUTXH ø æ ó æ æ æ 5DWHG WRUTXH RI DSSOLHG PRWRU u ë

&RQYHUWHU RXWSXW YROWDJH 9 å ó å å å éíí9 RU åíí9

5HJHQHUDWLYH EUDNH GXW\ ø ä ó ä ä ä 3Uï æí

(OHFWURQLF RYHUFXUUHQW

SURWHFWLRQ ORDG IDFWRU
ø ìí ó ìí ìí ìí 3URWHFWLRQ RSHUDWLRQ OHYHO

2XWSXW FXUUHQW SHDN

YDOXH
$ ìì ó ìì ìì ìì 3Uï èç

&RQYHUWHU RXWSXW YROWDJH

SHDN YDOXH
9 ìë ó ìë ìë ìë éíí9 RU åíí9

,QSXW SRZHU N: ìê ó ìê ìê ìê 5DWHG SRZHU RI LQYHUWHU UDWLQJ u ë

2XWSXW SRZHU N: ìé ó ìé ìé ìé 5DWHG SRZHU RI LQYHUWHU UDWLQJ u ë

,QSXW WHUPLQDO VWDWXV �� u ó u u u ��

2XWSXW WHUPLQDO VWDWXV �� u ó u u u ��

/RDG PHWHUóó ø ìæ ìæ ìæ ìæ ìæ 3Uï èç

0RWRU H[FLWLQJ FXUUHQW $ ìå ìå ìå ìå ìå 3Uï èç

3RVLWLRQ SXOVH �� ìä ìä u u u ��

&XPXODWLYH RSHUDWLRQ

WLPH
KU ëí ëí u u u ��

5HIHUHQFH YROWDJH

RXWSXW
�� u u u ëì ëì

ìééí+] LV RXWSXW WR )0 WHUPLQDOï

)XOOðVFDOH YROWDJH LV RXWSXW WR $0

WHUPLQDOï

2ULHQWDWLRQ VWDWXV �� ëë ëë u u u

$FWXDO RSHUDWLRQ WLPH KU ëê ëê u u u ��

0RWRU ORDG IDFWRU ø ëé ëé u u u 5DWHG LQYHUWHU FXUUHQW u ë

&XPXODWLYH SRZHU N: ëè ëè u u u ��

:KHQ ìíí LV VHW LQ 3Uï èëñ WKH PRQLWRUHG YDOXHV

GXULQJ VWRS DQG GXULQJ RSHUDWLRQ GLIIHU DV LQGLFDWHG

EHORZã

õ7KH /(' RQ WKH OHIW RI +] IOLFNHUV GXULQJ D VWRS DQG

LV OLW GXULQJ UXQQLQJïô

3Uï èë

í ìíí

'XULQJ RSHUDWLRQîGXULQJ

VWRS

'XULQJ

VWRS

'XULQJ

RSHUDWLRQ

2XWSXW

IUHTXHQF\
2XWSXW IUHTXHQF\

6HW

IUHTXHQF\

2XWSXW

IUHTXHQF\

2XWSXW

FXUUHQW
2XWSXW FXUUHQW

2XWSXW

YROWDJH
2XWSXW YROWDJH

$ODUP

GLVSOD\
$ODUP GLVSOD\
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'XULQJ DQ HUURUñ WKH RXWSXW IUHTXHQF\ DW HUURU

RFFXUUHQFH LV VKRZQï 'XULQJ RXWSXW VKXWðRII õ056

VLJQDO 21ôñ WKH GDWD GLVSOD\HG LV WKH VDPH DV GXULQJ

D VWRSï

'XULQJ RIIOLQH DXWR WXQLQJñ WKH WXQLQJ VWDWXV PRQLWRU

KDV SULRULW\ï

1RWHã ìï 7KH PRQLWRULQJ RI LWHPV PDUNHG u FDQQRW
EH VHOHFWHGï

ëï %\ VHWWLQJ ûíû LQ 3Uï èëñ WKH PRQLWRULQJ RI

ûRXWSXW IUHTXHQF\ WR DODUP GLVSOD\û FDQ EH

VHOHFWHG LQ VHTXHQFH E\ WKH 6+,)7 NH\ï

êï óû)UHTXHQF\ VHWWLQJ WR RXWSXW WHUPLQDO

VWDWXVû RQ WKH 38 PDLQ PRQLWRU DUH

VHOHFWHG E\ ûRWKHU PRQLWRU VHOHFWLRQû RI WKH

SDUDPHWHU XQLW õ)5ð38íéôï

éï óó7KH ORDG PHWHU LV GLVSOD\HG LQ øñ ZLWK WKH

FXUUHQW VHW LQ 3Uï èç UHJDUGHG DV ìííøï

èï 7KH PRWRU WRUTXH GLVSOD\ LV YDOLG RQO\ LQ WKH

DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO

PRGHï

çï 7KH DFWXDO RSHUDWLRQ WLPH GLVSOD\HG E\

VHWWLQJ ûëêû LQ 3Uï èë LV FDOFXODWHG XVLQJ

WKH LQYHUWHU RSHUDWLRQ WLPHï õ,QYHUWHU VWRS

WLPH LV QRW LQFOXGHGïô 6HW ûíû LQ 3Uï ìæì WR

FOHDU LWï

æï :KHQ 3Uï èê  ûíûñ WKH OHYHO PHWHU GLVSOD\

RI WKH SDUDPHWHU XQLW FDQ EH HUDVHGï

åï %\ VHWWLQJ ûìñ ëñ èñ çñ ììñ ìæ RU ìåû LQ

3Uï èêñ WKH IXOOðVFDOH YDOXH FDQ EH VHW LQ

3Uï èè RU 3Uï èçï

äï 7KH FXPXODWLYH RSHUDWLRQ WLPH DQG DFWXDO

RSHUDWLRQ WLPH DUH FDOFXODWHG IURP í WR

çèèêè KRXUVñ WKHQ FOHDUHGñ DQG

UHFDOFXODWHG IURP íï

:KHQ WKH RSHUDWLRQ SDQHO õ)5ð'8íéô LV

XVHGñ WKH GLVSOD\ VKRZV ûððððû DIWHU ääää RU

PRUH KRXUV KDYH HODSVHGï

:KHWKHU ääää RU PRUH KRXUV KDYH HODSVHG

RU QRW FDQ EH FRQILUPHG RQ WKH SDUDPHWHU

XQLW õ)5ð38íéôï

ìíï:KHQ WKH RSHUDWLRQ SDQHO õ)5ð'8íéô LV

XVHGñ WKH GLVSOD\ XQLW LV +]ñ 9 RU $ RQO\ï

ììï7KH RULHQWDWLRQ VWDWXV IXQFWLRQV ZKHQ WKH

)5ð$è$3 RSWLRQ LV XVHGï ,I WKH RSWLRQ LV QRW

XVHGñ ûëëû PD\ EH VHW LQ 3Uï èë DQG WKH

YDOXH GLVSOD\HG UHPDLQV ûíû DQG WKH

IXQFWLRQ LV LQYDOLGï

ìëï6LQFH ìééí SXOVHVîVHF DUH RXWSXW IURP WKH

)0 WHUPLQDO ZKHQ ûëìû LV VHW LQ 3Uï èéñ D

ìP$ DPPHWHU FDQ EH FRQQHFWHG WR WKH )0

WHUPLQDO IRU XVH DV DQ )0 RXWSXW IRU

FDOLEUDWLRQï 8VH 3Uï äíí WR PDNH ILQH

DGMXVWPHQW QHHGHG GXH WR WKH FDEOH OHQJWK

EHWZHHQ LQYHUWHU DQG PHWHUï õ5HIHU WR

6HFWLRQ ìïçïè õëôïô

ìêïìí9'& LV RXWSXW IURP WKH $0 WHUPLQDO

ZKHQ ûëìû LV VHW LQ 3Uï ìèåï $ '&

YROWPHWHU FDQ EH FRQQHFWHG WR WKH $0

WHUPLQDO WR PDNH IXOOðVFDOH FDOLEUDWLRQ RI WKH

PHWHU XVLQJ 3Uï äíìñ $0 WHUPLQDO

FDOLEUDWLRQï õ5HIHU WR 6HFWLRQ ìïçïè õêôïô

ìéï7KH PRWRU WRUTXH LV LQGLFDWHG LQ DEVROXWH

YDOXH DQG LV WKHUHIRUH QRW LQGLFDWHG E\ D

QHJDWLYH YDOXHï

õëô (èíí

ìô 7KH RSHUDWLQJ VWDWXV RI WKH LQYHUWHU FDQ EH

LQGLFDWHG VLPXOWDQHRXVO\ LQ WZR SODFHVñ LïHï

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô DQG H[WHUQDO

GHYLFHï

7KH GDWD GLVSOD\HG RQ WKH H[WHUQDO GHYLFH FDQ

EH FKRVHQ E\ WKH 3Uï èé VHWWLQJï

3DUDPHWHU

1XPEHU
1DPH 'HVFULSWLRQ )DFWRU\ 6HWWLQJ

èé

)0 WHUPLQDO

IXQFWLRQ

VHOHFWLRQ

,QGLFDWHG E\

H[WHUQDO DQDORJ

PHWHU

í õRXWSXW

IUHTXHQF\

LQGLFDWHG LQ +]ô

ëô $QDORJ PRQLWRULQJ UHIHUHQFH VHWWLQJ > 3Uï èèñ

3Uï èç@ï

$PRQJ WKH DQDORJ GLVSOD\V õ)0 WHUPLQDOôñ WKH

IXOOðVFDOH YDOXH FDQ EH VHW LQ 3Uï èè

õIUHTXHQF\ô DQG 3Uï èç õFXUUHQWô IRU WKH

IUHTXHQF\ DQG FXUUHQW GLVSOD\ GDWDï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\ 6HWWLQJ

èè

)UHTXHQF\

PRQLWRULQJ

UHIHUHQFH

í WR

éíí+]
íïíì+] çí+]

èç

&XUUHQW

PRQLWRULQJ

UHIHUHQFH

í WR èíí$ íïíì$
5DWHG LQYHUWHU

RXWSXW FXUUHQW
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ììé

í ìééí

)0 WHUPLQDO

ëéíí
õ0D[LPXPô

3XOVH VSHHG õSXOVHVîVHFRQGô

VHWWLQJ

3Uï èè

3Uï èç

$QDORJ 0RQLWRULQJ 6HWWLQJ

êô 2SHUDWLRQ SDQHO õSDUDPHWHU XQLWô GLVSOD\ GDWD

VHOHFWLRQï

%\ SUHVVLQJ WKH PRQLWRU NH\ RI WKH RSHUDWLRQ

SDQHO õSDUDPHWHU XQLWôñ WKH GDWD GLVSOD\HG FDQ EH

FKDQJHG EHWZHHQ WKH RXWSXW IUHTXHQF\ñ RXWSXW

FXUUHQWñ RXWSXW YROWDJH DQG DODUP GLVSOD\ï

)RU WKH DODUP GLVSOD\ñ WKH KLVWRU\ RI IRXU SDVW

DODUPV FDQ EH VKRZQ E\ SUHVVLQJ WKH UHDG NH\ï

:KHQ WKH YDOXH VHW LQ 3Uï êæ õVSHHG GLVSOD\ô LV

RWKHU WKDQ ûíûñ WKH VSHHG LV GLVSOD\HG LQVWHDG RI

WKH RXWSXW IUHTXHQF\ï

3DUDPHWHU 6HWWLQJ

3Uï èë 3Uï èé
6LJQDO 7\SH 8QLW

&RQWURO SDQHO

/('
38 PDLQ PRQLWRU )0 WHUPLQDO

)XOOð6FDOH 9DOXH RI

)0ñ $0ñ /HYHO 0HWHU

1R GLVSOD\ u u í

2XWSXW IUHTXHQF\ +] íîìíí íîìíí í 3Uï èè

2XWSXW FXUUHQW $ íîìíí íîìíí ì 3Uï èç

2XWSXW YROWDJH �� íîìíí íîìíí ë éíí9 RU åíí9

$ODUP GLVSOD\ �� íîìíí íîìíí u ��

$FWXDO RSHUDWLRQ

WLPH
ìíKU ëê u u ��

:KHQ ìíí LV VHW LQ 3Uï èëñ WKH PRQLWRUHG YDOXHV GXULQJ VWRS DQG GXULQJ RSHUDWLRQ GLIIHU DV LQGLFDWHG EHORZã

3Uï èë

í ìíí

'XULQJ RSHUDWLRQîGXULQJ VWRS 'XULQJ VWRS 'XULQJ RSHUDWLRQ

2XWSXW IUHTXHQF\ 2XWSXW IUHTXHQF\ 6HW IUHTXHQF\ 2XWSXW IUHTXHQF\

2XWSXW FXUUHQW 2XWSXW FXUUHQW

2XWSXW YROWDJH 2XWSXW YROWDJH

$ODUP GLVSOD\ $ODUP GLVSOD\

'XULQJ DQ HUURUñ WKH RXWSXW IUHTXHQF\ DW HUURU RFFXUUHQFH LV VKRZQï 'XULQJ RXWSXW VKXWðRII õ056 VLJQDO 21ôñ

WKH GDWD GLVSOD\HG LV WKH VDPH DV GXULQJ D VWRSï

'XULQJ RIIOLQH DXWR WXQLQJñ WKH WXQLQJ VWDWXV PRQLWRU KDV SULRULW\ï

1RWHã ìï 7KH PRQLWRULQJ RI LWHPV PDUNHG u FDQQRW EH VHOHFWHGï
ëï %\ VHWWLQJ ûíû LQ 3Uï èëñ WKH PRQLWRULQJ RI ûRXWSXW IUHTXHQF\ WR DODUP GLVSOD\û FDQ EH VHOHFWHG LQ

VHTXHQFH E\ WKH 6+,)7 NH\ï

êï 5XQQLQJ VSHHG RQ WKH 38 PDLQ PRQLWRU LV VHOHFWHG E\ ûRWKHU PRQLWRU VHOHFWLRQû RI WKH SDUDPHWHU

XQLW õ)5ð38íéôï

éï 7KH DFWXDO RSHUDWLRQ WLPH GLVSOD\HG E\ VHWWLQJ ûëêû LQ 3Uï èë LV FDOFXODWHG XVLQJ WKH LQYHUWHU

RSHUDWLRQ WLPHï õ,QYHUWHU VWRS WLPH LV QRW LQFOXGHGïô 6HW ûíû LQ 3Uï ìæì WR FOHDU LWï

èï 7KH DFWXDO RSHUDWLRQ WLPH LV FDOFXODWHG IURP í WR ääääí KRXUVñ WKHQ FOHDUHGñ DQG UHFDOFXODWHG IURP

íï ,I WKH RSHUDWLRQ WLPH LV OHVV WKDQ ìí KRXUV WKHUH LV QR GLVSOD\ï

çï :KHQ WKH FRQWURO SDQHO LV XVHGñ WKH GLVSOD\ XQLW LV +] RU $ RQO\ï
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1.6.19 Automatic restart after instantaneous power failure (commercial
power supply-inverter switch-over) [ Pr.  57, 58, 162 to 165*] COMMON

(* Pr. 162 to 165 are not provided for .)

You can restart the inverter without stopping the
motor (with the motor coasting) when the commercial
power supply is switched to the inverter operation or
when the power is restored after an instantaneous
power failure. (When automatic restart operation is
set to be enabled, E.UVT and E.IPF among the
alarm output signals will not be output at occurrence
of an instantaneous power failure.)

(1)Restart selection [ Pr. 162] COMMON  (For E500 ,
operation is performed only using a system
which has no frequency search.)
1) With frequency search A500 .

Set "0" in Pr. 162 to choose the system in which a
direct current is applied to the motor to detect the
speed for a smooth start at the time of power
restoration or inverter operation selection. Since
the DC dynamic brake is applied
instantaneously on detection of the speed, the
speed may decrease if the inertia is small.

(Note 1) When the inverter is two or more ranks
higher in capacity than the motor, an
overcurrent (OCT) alarm may occur,
disabling a start.

(Note 2) If two or more motors are connected to a
single inverter, this function will not work
normally. (A proper start cannot be made.)

2) Without frequency search COMMON.
When 1 is set in Pr. 162 for A500  or when
E500  is used, the operation of automatic

restart after instantaneous power failure is
performed in a reduced-voltage starting system
where the output voltage is gradually raised
with the set frequency unchanged,
independently of the coasting speed of the
motor.
This system is not a motor coasting speed
detection system (frequency search system) as
in 1) With frequency search, but is a system
where the output frequency at the occurrence
of an instantaneous power failure is output.
Hence, if the instantaneous power failure time
is longer than 0.2 seconds, the inverter cannot
store and hold the output frequency at the
occurrence of an instantaneous power failure
and starts from 0Hz.

(2)Setting COMMON

1) Coasting time for automatic restart after
instantaneous power failure [ Pr. 57] COMMON.
Coasting time is a period of time from the
detection of the motor speed to the start of
restart control (at the set frequency for E500 ).
Set "0" in Pr. 57 to make an automatic restart
after instantaneous power failure. The coasting
time is automatically set to the following value:

[Coasting time when Pr. 57 = 0]
0.1K to 1.5K ..... 0.5 seconds
2.2K to 7.5K ..... 1.0 seconds
11K to 55K ....... 3.0 seconds

Proper operation may not be performed
depending on the load inertia and running
frequency. If so, adjust the coasting time
between 0.1 and 5 seconds according to the
load specifications.

2) Cushion time for automatic restart after
instantaneous power failure [ Pr. 58] COMMON

Cushion time is a length of time required to
raise the voltage to a value equivalent to the
motor speed (set frequency for E500 ) after
detection of the motor speed.
Usually, operation can be performed with the
factory setting. The cushion time can be
adjusted according to the load inertia and
torque.

3) Restart adjustment [ Pr. 163 to 165] A500

The voltage rise at a restart can be adjusted as
shown below:

Pr. 164

Time

Voltage

( Pr. 163) Pr. 58

Voltage rise time
The stall prevention operation level
at a restart can be set using Pr. 165.
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õêô&RQQHFWLRQ &20021

)RU $èíí ñ WKH DERYH RSHUDWLRQ LV HQDEOHG ZKHQ

WHUPLQDOV &6ð6' DUH WXUQHG RQï

:KHQ WHUPLQDOV &6ð6' DUH 2)) DW WKH 3Uï èæ

VHWWLQJ RI í RU DQ\ RI íïì WR èñ H[WHUQDO RU 38

RSHUDWLRQ FDQQRW EH SHUIRUPHGï

)RU (èíí ñ VHWWLQJ DQ\ YDOXH RWKHU WKDQ ääää LQ

3Uï èæ VWDUWV WKH RSHUDWLRQ RI DXWRPDWLF UHVWDUW

DIWHU LQVWDQWDQHRXV SRZHU IDLOXUHï 7KH H[WHUQDO

WHUPLQDO ZLULQJ LV QRW QHHGHGï

1)% 0&
5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

5ì õ/ììô
67)

&6

6'

&6

6'

0&ë

0&ê

,0

0& VZLWFKLQJ VHTXHQFH

&RQQHFW &6ð6' IRU XVH RI
RQO\ DXWRPDWLF UHVWDUW DIWHU
LQVWDQWDQHRXV SRZHU IDLOXUHï

6ì
õ/ìëô

ìïçïëí ,QWHOOLJHQW RSHUDWLRQ PRGH > 3Uï çí WR çéó@ &20021

õó 3Uï çé LV QRW SURYLGHG IRU (èíí ïô

'HSHQGLQJ RQ WKH VHWWLQJ RI 3Uï çí õLQWHOOLJHQW

RSHUDWLRQ PRGH VHOHFWLRQôñ WKH LQYHUWHU SHUIRUPV

RSHUDWLRQ DIWHU VHOIðVHOHFWLQJ PRUH VXLWDEOH

SDUDPHWHUV LQGHSHQGHQWO\ RI WKH SDUDPHWHU YDOXHV

LQGLYLGXDOO\ VHWï 7KLV IXQFWLRQ LV HIIHFWLYH ZKHQ

SURSHU SDUDPHWHU YDOXHV DUH XQNQRZQï

'XULQJ LQWHOOLJHQW RSHUDWLRQñ WKH SDUDPHWHU YDOXHV GR

QRW PDWFK WKH DFWXDO RSHUDWLRQ SDUDPHWHUVï

,QWHOOLJHQW 2SHUDWLRQ 0RGH

&RQWURO 6\VWHP

6HOHFWLRQ

&RUUHVSRQGLQJ

0RGHO

3Uï çí

6HWWLQJ
,WHP 'HVFULSWLRQ

3DUDPHWHUV &KDQJHG

õ9DOXHVô

$GYDQFHG

õJHQHUDOð

SXUSRVHô

PDJQHWLF

IOX[ YHFWRU

9î) $èíí (èíí

í
2UGLQDU\

PRGH

2UGLQDU\ RSHUDWLRQ PRGH LQ ZKLFK

SDUDPHWHUV DUH VHW LQGLYLGXDOO\ï
� 9DOLG 9DOLG { {

ì

6KRUWHVW

DFFHOHUDWLRQî

GHFHOHUDWLRQ

PRGH ,

:KLOH VLPXOWDQHRXVO\

DFWLYDWLQJ FXUUHQW OLPLWñ

PDNHV DFFHOHUDWLRQî

GHFHOHUDWLRQ LQ WKH

VKRUWHVW WLPHñ

LQGHSHQGHQWO\ RI WKH

DFFHOHUDWLRQîGHFHOHUDWL

RQ WLPH VHWWLQJï

&XUUHQW OLPLW

YDOXH ìèíø

3Uï æã DFFHOHUDWLRQ WLPH

3Uï åã GHFHOHUDWLRQ WLPH

3Uï ëëã FXUUHQW OLPLW

YDOXH

9DOLG

$FFHOHUDWLRQî

GHFHOHUDWLRQ

LV PDGH LQ

DGYDQFHG

õJHQHUDOð

SXUSRVHô

PDJQHWLF

IOX[ YHFWRU

V\VWHP

9DOLG

$FFHOHUð

DWLRQî

GHFHOHUð

DWLRQ LV

PDGH LQ

9î)

V\VWHPï

{ {

ë

6KRUWHVW

DFFHOHUDWLRQî

GHFHOHUDWLRQ

PRGH ,,

{ {

ê

2SWLPXP

DFFHOHUDWLRQî

GHFHOHUDWLRQ

PRGH

&XUUHQW OLPLW YDOXH ìåíø

8VLQJ WKH VHOIðOHDUQLQJ V\VWHPñ

DXWRPDWLFDOO\ VHWV WKH SDUDPHWHU

YDOXHV RI DFFHOHUDWLRQîGHFHOHUDWLRQ

WLPH DQG WRUTXH ERRVW VR WKDW WKH

FXUUHQW GXULQJ DFFHOHUDWLRQî

GHFHOHUDWLRQ DSSURDFKHV WKH UDWHG

FXUUHQW RI WKH LQYHUWHUï

3Uï íã WRUTXH ERRVW

3Uï æã DFFHOHUDWLRQ WLPH

3Uï åã GHFHOHUDWLRQ WLPH

9DOLG

$FFHOHUDWLRQî

GHFHOHUDWLRQ

LV PDGH LQ

DGYDQFHG

õJHQHUDOð

SXUSRVHô

PDJQHWLF

IOX[ YHFWRU

V\VWHP

9DOLG

$FFHOHð

DWLRQî

GHFHOHUð

DWLRQ LV

PDGH LQ

9î)

V\VWHPï

{ u
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&RQWURO 6\VWHP

6HOHFWLRQ

&RUUHVSRQGLQJ

0RGHO

3Uï çí

6HWWLQJ
,WHP 'HVFULSWLRQ

3DUDPHWHUV &KDQJHG

õ9DOXHVô

$GYDQFHG

õJHQHUDOð

SXUSRVHô

PDJQHWLF IOX[

YHFWRU

9î) $èíí (èíí

é

(QHUJ\ð
VDYLQJ PRGH

õDXWRPDWLF

9î)ô

3HUIRUPV WKH RQOLQH WUXH WXQLQJ RI

WKH RXWSXW YROWDJH VR WKDW WKH RXWSXW

SRZHU LV PLQLPL]HG GXULQJ WKH

FRQVWDQWðVSHHG RSHUDWLRQï

3Uï íã WRUTXH ERRVW

3Uï ìéã ORDG SDWWHUQ

VHOHFWLRQ

,QYDOLG

+DYLQJ WKH

HTXLYDOHQW

HIIHFWñ

LJQRUHV

HQHUJ\ð

VDYLQJ PRGH

VHOHFWLRQï

9DOLG { u

è
(OHYDWRU PRGH

,

&XUUHQW

OLPLW YDOXH

ìèíø

{ u

ç
(OHYDWRU PRGH

,,

3HUIRUPV WKH RQOLQH

WXUQLQJ RI WKH WRUTXH

ERRVW WR SURYLGH

VXIILFLHQW WRUTXH IRU

KHDY\ ORDG DQG SUHYHQW

RYHUðH[FLWDWLRQ IRU OLJKW

ORDGï

&XUUHQW

OLPLW YDOXH

ìåíø

3Uï íã WRUTXH ERRVW

3Uï ìêã VWDUWLQJ

IUHTXHQF\

3Uï ìäã YROWDJH DW EDVH

IUHTXHQF\

3Uï ëëã FXUUHQW OLPLW

YDOXH

,QYDOLG

+DYLQJ WKH

HTXLYDOHQW

HIIHFWñ

LJQRUHV

HQHUJ\ð

VDYLQJ PRGH

VHOHFWLRQï

9DOLG

{ u

æ

%UDNH

VHTXHQFH

PRGH ,

{ u

å

%UDNH

VHTXHQFH

PRGH ,,

6ZLWFKHV WKH RXWSXW WHUPLQDO WR

SURYLGH D EUDNH FRQWURO VLJQDOï

õ)RU GHWDLOVñ UHIHU WR 6HFWLRQ ìïçïééïô

� 9DOLG ,QYDOLG

{ u

ìì

6KRUWHVW

DFFHOHUDWLRQî

GHFHOHUDWLRQ

PRGH ,

&XUUHQW

OLPLW YDOXH

ìèíø

u {

ìë

6KRUWHVW

DFFHOHUDWLRQî

GHFHOHUDWLRQ

PRGH ,,

:KLOH VLPXOWDQHRXVO\

DFWLYDWLQJ FXUUHQW OLPLWñ

PDNHV DFFHOHUDWLRQî

GHFHOHUDWLRQ LQ WKH

VKRUWHVW WLPHñ

LQGHSHQGHQWO\ RI WKH

DFFHOHUDWLRQîGHFHOHUDWLð

RQ WLPH VHWWLQJï

8VH WKLV PRGH ZKHQ

XVLQJ WKH EUDNH UHVLVWRU

RU EUDNH XQLW IRU

(èíí ï

&XUUHQW

OLPLW YDOXH

ìåíø

3Uï æã DFFHOHUDWLRQ WLPH

3Uï åã GHFHOHUDWLRQ WLPH

3Uï ëëã FXUUHQW OLPLW

YDOXH

9DOLG

$FFHOHUDWLRQî

GHFHOHUDWLRQ

LV PDGH LQ

DGYDQFHG

õJHQHUDOð

SXUSRVHô

PDJQHWLF IOX[

YHFWRU

V\VWHP

9DOLG

$FFHOHUð

DWLRQî

GHFHOHUð

DWLRQ LV

PDGH LQ

9î)

V\VWHPï

u {

'HGLFDWHG SDUDPHWHUV DUH DYDLODEOH VR WKDW WKH

SHUIRUPDQFH RI WKH LQWHOOLJHQW RSHUDWLRQ PD\ EH

IXUWKHU LPSURYHGï

2QO\ ZKHQ DQ\ RI ì WR çñ ìì DQG ìë LV VHW LQ 3Uï çíñ

LQWHOOLJHQW PRGHñ WKH SDUDPHWHUV OLVWHG RQ WKH QH[W

SDJH DUH PDGH YDOLGï 7KHVH SDUDPHWHUV DUH DOO

IDFWRU\ðVHW WR ääääï

:KHQ WKH 3Uï çí VHWWLQJ LV FKDQJHGñ WKH GHGLFDWHG

SDUDPHWHUV 3Uï çì WR 3Uï çé DXWRPDWLFDOO\ UHWXUQ WR

WKH IDFWRU\ VHWWLQJ õääääô XQFRQGLWLRQDOO\ï

z 7KH LQWHOOLJHQW VHOHFWLRQñ 3Uï çíñ VHWWLQJ PD\ EH

PDGH RQO\ ZKLOH WKH LQYHUWHU LV DW D VWRSï 7KDW

VHWWLQJ FDQQRW EH FKDQJHG GXULQJ RSHUDWLRQï

z ,I WKH LQWHOOLJHQW RSHUDWLRQ PRGH KDV EHHQ

VHOHFWHGñ WKH LQSXW RI WKH -2* VLJQDO RU 57

õVHFRQG IXQFWLRQ VHOHFWLRQô VLJQDO GXULQJ DQ

LQYHUWHU VWRS FDXVHV RUGLQDU\ RSHUDWLRQ WR EH

SHUIRUPHGñ JLYLQJ SUHFHGHQFH WR WKH MRJ RSHUDWLRQ

RU VHFRQG IXQFWLRQ VHOHFWLRQï

$IWHU WKH LQWHOOLJHQW RSHUDWLRQ KDV EHHQ VWDUWHGñ

-2* DQG 57 DUH XQDFFHSWHG
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Parameters Designed Exclusively for Intelligent Mode

Parameter

Number
Name Setting Range and Description Valid Mode

61 Reference current (A)

9999: rated inverter current

0 to 500: reference = setting (rated

motor current)

Shortest acceleration/deceleration

Optimum acceleration/deceleration

Elevator

9999: limit value = 150% (180%)

0 to 200: limit value = setting
Shortest acceleration/deceleration

62
Current reference value

for acceleration (%) 9999: optimum value = 100%

0 to 200: optimum value = setting
Optimum acceleration/deceleration

9999: limit value = 150% (180%)

0 to 200: limit value = setting
Shortest acceleration/deceleration

63
Current reference value

for deceleration (%) 9999: optimum value = 100%

0 to 200: optimum value = setting
Optimum acceleration/deceleration

64 (Note 1)
Elevator mode starting

frequency

9999: starting frequency = 2Hz

0 to 10: starting frequency = setting
Elevator

Note 1 : Not provided for E500 .

(1)Shortest acceleration/deceleration modes I, II
COMMON

Makes acceleration/deceleration while
simultaneously activating the current limit function
of the inverter.
Merely setting 1 (current limit value 150%) or 2
(current limit value 180%) in Pr. 60, intelligent
selection, allows operation to be performed in the
shortest acceleration/deceleration mode I or II.
When using the brake resistor or brake unit for
E500 , set 11 (current limit value 150%) or 12

(current limit value 180%) in Pr. 60.
Note that when proper values are set in Pr. 7
(acceleration time) and Pr. 8 (deceleration time),
acceleration/deceleration time may be shorter
than in the selection of these modes.
1) Control method.

The settings of Pr. 7 (acceleration time), Pr. 8
(deceleration time) and Pr. 22 (current limit
level) are ignored.
Since the inverter itself attempts to change the
shortest time (0 seconds) has been set,
acceleration/
deceleration is made with the current limit
function being activated. The shortest accele-
ration/deceleration modes I and II are different
only in the current limit value.
« Return Pr. 60 to 0 (ordinary mode) to make

the settings of Pr. 7 (acceleration time), Pr.

8 (deceleration time) and Pr. 22 (stall level)
valid. Pr. 61 to 64 also return to the factory
setting (9999) automatically.

« Since acceleration/deceleration is made with
the current limit function being activated, the

acceleration/deceleration speed always
varies according to the load conditions.

2) Application examples.
l Appropriate applications
  It is desired to make acceleration/

decele-ration in a shorter time for a
machine tool etc. but the design values of
machine constants are unknown.

  It is desired to perform operation using the
capabilities of the inverter and motor to the
maximum.

  It is desired to make acceleration/
deceleration with constant torque.

l Inappropriate applications
  Machine has large inertia (more than 10

times), e.g. a fan.
Since the current limit function will be
activated for a long time, this type of
machine may be brought to an alarm stop
due to motor overloading, etc.

  It is desired to always perform operation
with a constant acceleration/deceleration
time.

  It is desired to always perform operation
making sure the inverter and motor have
enough capability.

3) Setting of dedicated parameters
By setting the dedicated parameters, the
application range can be made wider.
In the factory setting, the current limit function
is activated at the 150% (180%) value of the
rated inverter current.
« If Pr. 60 to Pr.  63 have been set once,

changing the setting of Pr. 60 (intelligent
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VHOHFWLRQô DXWRPDWLFDOO\ UHWXUQV WKHP WR WKH

IDFWRU\ VHWWLQJ õääääôï +HQFHñ WKH GHGLFDWHG

SDUDPHWHUV PXVW EH VHW DIWHU WKH 3Uï çí

YDOXH KDV EHHQ VHWï

3Uï çì ã 6HW WKH FXUUHQW YDOXH õ$ô ZKLFK LV WKH

UHIHUHQFH RI WKH FXUUHQW OLPLW YDOXHï

ääää ã 5DWHG LQYHUWHU FXUUHQW

í WR èíí ã 6HW YDOXH õUDWHG PRWRU FXUUHQWô LV

GHILHG DV UHIHUHQFHï

)RU H[DPSOHñ ZKHQ WKH PRWRU DQG LQYHUWHU DUH

GLIIHUHQW LQ FDSDFLW\ DQG LW LV GHVLUHG WR GHILQH WKH

PRWRU UDWLQJ DV UHIHUHQFHñ VHW WKH UHIHUHQFH FXUUHQW

YDOXHï

3Uï çë ã 6HW WKH FXUUHQW OHYHO õøô IRU DFFHOHUDWLRQï

ääää ã ìèíø LV WKH OLPLW YDOXH LQ PRGH ,ï

ìåíø LV WKH OLPLW YDOXH LQ PRGH ,,ï

í WR ëíí ã 6HW YDOXH LV WKH OLPLW YDOXH õøôï

6HW ZKHQ LW LV GHVLUHG WR OLPLW WKH WRUTXH IRU

DFFHOHUDWLRQï

3Uï çê ã 6HW WKH FXUUHQW OHYHO õøô IRU GHFHOHUDWLRQï

ääää ã ìèíø LV WKH OLPLW YDOXH LQ PRGH ,ï

ìåíø LV WKH OLPLW YDOXH LQ PRGH ,,ï

í WR ëíí ã 6HW YDOXH LV WKH OLPLW YDOXH õøôï

6HW ZKHQ LW LV GHVLUHG WR OLPLW WKH WRUTXH IRU

GHFHOHUDWLRQï

õëô 2SWLPXP DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH $èíí

6HW ûêû LQ 3Uï çíñ LQWHOOLJHQW VHOHFWLRQñ DQG UHSHDW

WKH RSHUDWLRQ RI WKH DFWXDO PDFKLQH WR

DXWRPDWLFDOO\ VHW 3Uï í õWRUTXH ERRVWôñ 3Uï æ

õDFFHOHUDWLRQ WLPHô DQG 3Uï å õGHFHOHUDWLRQ WLPHô

VR WKDW WKH PDJQLWXGH RI WKH FXUUHQW YDOXH GXULQJ

DFFHOHUDWLRQîGHFHOHðUDWLRQ PD\ EH PDGH RSWLPXP

E\ WKH VHOIðOHDUQLQJ RI WKH LQYHUWHUï

ìô &RQWURO PHWKRGï

$W WKH LQLWLDO WLPH ZKHQ WKH RSWLPXP

DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH KDV EHHQ

VHOHFWHGñ RSHUDWLRQ LV SHUIRUPHG DW WKH YDOXHV

RI WKH WRUTXH ERRVWñ DFFHOHUDWLRQ WLPH DQG

GHFHOHUDWLRQ WLPH VHW LQ 3Uï íñ 3Uï æ DQG 3Uï åï

:KHQ RSHUDWLRQ LV VWDUWHGñ WKH SHDN YDOXH DQG

DYHUDJH YDOXH DUH LPSRUWHG WR WKH LQYHUWHU IURP

WKH PRWRU FXUUHQW GXULQJ DFFHOHUDWLRQî

GHFHOHUDWLRQï

7KLV FXUUHQW LV FRPSDUHG ZLWK WKH UHIHUHQFH

FXUUHQW õIDFWRU\ VHWWLQJ  UDWHG LQYHUWHU FXUUHQWô

WR MXGJH ZKHWKHU 3Uï íñ 3Uï æ DQG 3Uï å VKRXOG

EH LQFUHDVHG RU GHFUHDVHGñ DQG PRUH

DSSURSULDWH YDOXHV DUH FDOFXODWHG E\ DULWKPHWLF

RSHUDWLRQï 7KH RSHUDWLRQ UHVXOWV DUH VHW LQ

3Uï íñ 3Uï æ DQG 3Uï å DV WKH RSWLPXP YDOXHV

DW WKDW SRLQWï

$IWHU WKDWñ RSHUDWLRQ LV SHUIRUPHG XQGHU WKH

FRQGLWLRQV RI 3Uï íñ 3Uï æ DQG 3Uï å VHWñ DQG

PRUH DSSURSULDWH YDOXHV DUH VHW LQ 3Uï íñ 3Uï æ

DQG 3Uï å DV UHTXLUHGï +HQFHñ UHSHDWLQJ WKH

RSHUDWLRQ DOORZV WKH RSWLPXP

DFFHOHUDWLRQîGHFHOHUDWLRQ RSHUDWLRQ WR EH

SHUIRUPHGñ LQGHSHQGHQWO\ RI WKH LQLWLDO VHWWLQJVï

� 7KH FKDQJH RI DQ\ VHWWLQJ LV VXSSUHVVHG WR

ZLWKLQ éíø LQ D VLQJOH RSHUDWLRQï

� 7KH RSWLPXP YDOXHV DUH RSHUDWHG RQ RQO\

ZKHQ DFFHOHUDWLRQ LV PDGH IURP D VWRS WR

êí+] RU PRUH RU ZKHQ GHFHOHUDWLRQ LV PDGH

IURP êí+] RU PRUH WR D VWRSï

ëô 6WRUDJH RI RSWLPXP SDUDPHWHUVï

7KH RSWLPXP YDOXHV RI 3Uï íñ 3Uï æ DQG 3Uï å

DUH ZULWWHQ WR ERWK WKH SDUDPHWHU 5$0 DQG

(ë520 RQO\ WKUHH WLPHV DIWHU WKH RSWLPXP

DFFHOHUDWLRQîGHFHOHUDWLRQ PRGH KDV EHHQ

VHOHFWHG RU DIWHU WKH SRZHU LV VZLWFKHG RQ RU

WKH LQYHUWHU LV UHVHWï $W RU DIWHU WKH IRXUWK

DWWHPSWñ WKH\ DUH QRW VWRUHG LQWR (ë520ï

+HQFHñ DIWHU SRZHUðRQ RU LQYHUWHU UHVHWñ WKH

YDOXHV FKDQJHG DW WKH WKLUG WLPH DUH YDOLGï

2SHUDWLRQ DQG 38 GLVSOD\ DUH SHUIRUPHG

DFFRUGLQJ WR WKH PRVW UHFHQW RSWLPXP YDOXHVï

(YHQ WKH YDOXHV FKDQJHG DW WKH IRXUWK RU ODWHU

WLPH PD\ EH VWRUHG LQWR (ë520 E\ UHDGLQJ

3Uï íñ 3Uï æ DQG 3Uï å ZLWK WKH 38 DQG

SHUIRUPLQJ ZULWH RSHUDWLRQï

3Uï íñ 3Uï æ DQG 3Uï å 6HWWLQJ 8SGDWH

1XPEHU

RI

2SWLPXP

9DOXH

&KDQJHV

(ë520

9DOXH

5$0

9DOXH

2SHUDWLQJ

&RQGLWLRQ

õ5$0

YDOXHô

38

'LVSOD\

õ5$0

YDOXHô

:LWKLQ ê

WLPHV
8SGDWHG 8SGDWHG 8SGDWHG 8SGDWHG

é RU PRUH

WLPHV

8QFKDQJHG

IURP WKLUG

YDOXH

8SGDWHG 8SGDWHG 8SGDWHG

êô $SSOLFDWLRQ H[DPSOHV

z $SSURSULDWH DSSOLFDWLRQV

� $XWRPDWLF WUDQVIHU PDFKLQHñ HWFï ZKLFK LV

VPDOO LQ ORDG FKDQJH DQG LV RSHUDWHG LQ D

SUHGHWHUPLQHG SDWWHUQï

z ,QDSSURSULDWH DSSOLFDWLRQV

� 0DFKLQH ZKLFK FKDQJHV LQ ORDG DQG

RSHUDWLRQ FRQGLWLRQVï
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6LQFH WKH QH[W SDUDPHWHUV DUH GHWHUPLQHG

DFFRUGLQJ WR WKH FXUUHQW DFFHOHUDWLRQî

GHFHOHUDWLRQ VWDWXVñ PLVðVHWWLQJ LV PDGH LI

WKH FRQGLWLRQV FKDQJHñ UHVXOWLQJ LQ D IDXOWñ

HïJï DFFHOHUDWLRQîGHFHOHUDWLRQ LV QRW PDGHñ

DODUP VWRS LV HIIHFWHG E\ WKH RYHUFXUUHQW

SURWHFWLYH IXQFWLRQï

éô 6HWWLQJ RI GHGLFDWHG SDUDPHWHUV

%\ VHWWLQJ WKH GHGLFDWHG SDUDPHWHUVñ WKH

DSSOLFDWLRQ UDQJH FDQ EH PDGH ZLGHUï

,Q WKH IDFWRU\ VHWWLQJñ WKH ìííø YDOXH RI WKH

UDWHG LQYHUWHU FXUUHQW LV MXGJHG DV WKH RSWLPXP

FXUUHQW YDOXHï

� ,I 3Uï çì WR 3Uï çê KDYH EHHQ VHW RQFHñ

FKDQJLQJ WKH VHWWLQJ RI 3Uï çí õLQWHOOLJHQW

VHOHFWLRQô DXWRPDWLFDOO\ UHWXUQV WKHP WR WKH

IDFWRU\ VHWWLQJ õääääôï +HQFHñ WKH GHGLFDWHG

SDUDPHWHUV PXVW EH VHW DIWHU WKH 3Uï çí

YDOXH KDV EHHQ VHWï

3Uï çì ã 6HW WKH FXUUHQW YDOXH õ$ô ZKLFK LV WKH

UHIHUHQFH RI WKH RSWLPXP FXUUHQW YDOXHï

ääää ã 5DWHG LQYHUWHU FXUUHQW

í WR èíí ã 6HW YDOXH õUDWHG PRWRU FXUUHQWô LV

GHILHG DV UHIHUHQFHï

)RU H[DPSOHñ ZKHQ WKH PRWRU DQG LQYHUWHU DUH

GLIIHUHQW LQ FDSDFLW\ DQG LW LV GHVLUHG WR GHILQH WKH

PRWRU UDWLQJ DV UHIHUHQFHñ VHW WKH UHIHUHQFH FXUUHQW

YDOXHï

3Uï çë ã 6HW WKH RSWLPXP FXUUHQW OHYHO õøô IRU

DFFHOHUDWLRQï

ääää ã ìííø LV WKH RSWLPXP YDOXHï

í WR ëíí ã 6HW YDOXH LV WKH RSWLPXP YDOXH õøôï

6HW ZKHQ LW LV GHVLUHG WR OLPLW WKH DYHUDJH FXUUHQW IRU

DFFHOHUDWLRQï

3Uï çê ã 6HW WKH RSWLPXP FXUUHQW OHYHO õøô IRU

GHFHOHUDWLRQï

ääää ã ìííø LV WKH RSWLPXP YDOXHï

í WR ëíí ã 6HW YDOXH LV WKH RSWLPXP YDOXH õøôï

6HW ZKHQ LW LV GHVLUHG WR OLPLW WKH DYHUDJH FXUUHQW IRU

GHFHOHUDWLRQï

õêô(QHUJ\ðVDYLQJ PRGH $èíí

6HW ûéû LQ 3Uï çíñ LQWHOOLJHQW VHOHFWLRQñ WR SHUIRUP

RSHUDWLRQ ZLWK WKH PLQLPXP RXWSXW SRZHUï

ìô &RQWURO PHWKRG

$IWHU WKH RXWSXW IUHTXHQF\ KDV EHFRPH

FRQVWDQW õDFFHOHUDWLRQ RU GHFHOHUDWLRQ LV

FRPSOHWHôñ WKH RXWSXW YROWDJH LV UHGXFHG

JUDGXDOO\ DQG RSHUDWLRQ LV SHUIRUPHG ZLWK WKH

RXWSXW SRZHU õSURGXFW RI FXUUHQW DQG YROWDJHô

EHLQJ PLQLPXPï

:KHQ WKH RXWSXW FXUUHQW EHJLQV WR LQFUHDVH

GXH WR WKH LQFUHDVH LQ ORDG WRUTXHñ WKH RXWSXW

YROWDJH LV LQFUHDVHG XS WR WKH QRUPDO 9î)

SDWWHUQ WR SURYLGH WKH WRUTXH UHTXLUHG WR

PDLQWDLQ WKH VSHHGï

7KH RXWSXW YROWDJH LV FRQWUROOHG ZLWKLQ WKH

UDQJH RI òíø WR ðêíø LQ UHODWLRQ WR WKH QRUPDO

9î) SDWWHUQñ DQG WKH VHWWLQJV RI 3Uï í õWRUTXH

ERRVWô DQG 3Uï ìé õORDG SDWWHUQ VHOHFWLRQô DUH

LJQRUHGï

� %\ UHWXUQLQJ 3Uï çí WR í õRUGLQDU\ PRGHôñ WKH

VHWWLQJV RI 3Uï í DQG 3Uï ìé DUH PDGH YDOLGï

ëô 5HVWULFWLRQVï

�:KHQ DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWURO LV VHOHFWHGñ WKH VHOHFWLRQ RI WKH

HQHUJ\ðVDYLQJ PRGH LV PDGH LQYDOLGï õ7KH

DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO KDV

WKH HTXLYDOHQW HIIHFW WR WKH HQHUJ\ðVDYLQJ

PRGHïô

�:KHQ WKH 3/* IHHGEDFN IXQFWLRQ KDV EHHQ

VHOHFWHG ZLWK WKH LQERDUG RSWLRQ õ)5ð$è$3ô

ILWWHG WR WKH LQYHUWHUñ WKH VHOHFWLRQ RI WKH

HQHUJ\ðVDYLQJ PRGH LV PDGH LQYDOLGï

êô $SSOLFDWLRQ H[DPSOHV

z $SSURSULDWH DSSOLFDWLRQVï

� 0DFKLQH ZKLFK LV RSHUDWHG IRU D ORQJ WLPH

DW FRQVWDQW VSHHGñ HïJï IDQñ DLU FRQGLWLRQHUï

z ,QDSSURSULDWH DSSOLFDWLRQVï

� $SSOLFDWLRQ LQ ZKLFK ODUJH ORDG WRUTXH LV

DSSOLHG

6LQFH WKHUH LV QDWXUDOO\ OLWWOH SRZHU

FRQVXPSWLRQ ORVVñ QR HQHUJ\ðVDYLQJ HIIHFW

LV SURGXFHGï

� 0DFKLQH ZKLFK PDNHV IUHTXHQW

DFFHOHUDWLRQîGHFHOHUDWLRQ

7RUTXH LV UHTXLUHG IRU DFFHOHUDWLRQî

GHFHOHUDWLRQ DQG QR HQHUJ\ðVDYLQJ HIIHFW LV

SURGXFHGï

éô 'HGLFDWHG SDUDPHWHUVï

:KHQ FRQVWDQW VSHHG LV DFKLHYHG LQ WKH

HQHUJ\ðVDYLQJ PRGHñ WKH RXWSXW YROWDJH LV

DXWRPDWLFDOO\ WXQHG DQG WKHUH DUH QR GHGLFDWHG

SDUDPHWHUV WR EH VHWï
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ìëì

èô (QHUJ\ðVDYLQJ HIIHFW

7KH HQHUJ\ðVDYLQJ HIIHFW GHSHQGV JUHDWO\ RQ

WKH ORDG PDJQLWXGHï

ìíí

èí

í
èí ìíí

3RZHU FRQVXPSWLRQ õøô

2UGLQDU\ PRGH

(QHUJ\ðVDYLQJ PRGH

/RDG õøô

*XLGHOLQH RI (QHUJ\ð6DYLQJ 0RGH

,Q DSSOLFDWLRQV VXFK DV DLU FRQGLWLRQLQJ

HTXLSPHQWñ LQYHUWHU RSHUDWLRQ SURGXFHV D

ODUJHU HQHUJ\ðVDYLQJ HIIHFW RQ WKH UXQQLQJ FRVW

WKDQ GDPSHU FRQWURO E\ FRPPHUFLDO SRZHU

VXSSO\ RSHUDWLRQï 7KH HQHUJ\ðVDYLQJ HIIHFW

GHSHQGV JUHDWO\ RQ WKH VSHHG õORDGôï

ìíí

èí

í
ìííèí

3RZHU FRQVXPSWLRQ õøô

'DPSHU FRQWURO

&RQVWDQWðWRUTXH SDWWHUQ

(QHUJ\ðVDYLQJ PRGH

6SHHG õ DLU YROXPHô õøô

9DULDEOHðWRUTXH SDWWHUQ

,QYHUWHU
FRQWURO

(QHUJ\ð6DYLQJ (IIHFW E\

$LUð&RQGLWLRQLQJ (TXLSPHQW

õéô(OHYDWRU PRGHV ,ñ ,, $èíí

2SHUDWLRQ FDQ EH SHUIRUPHG WR PDWFK WKH ORDG

FKDUDFWHULVWLF RI DQ HOHYDWRU HTXLSSHG ZLWK

FRXQWHUZHLJKWï

6HW ûèû õFXUUHQW OLPLW YDOXH ìèíøô RU ûçû õFXUUHQW

OLPLW YDOXH ìåíøô LQ 3Uï çíñ LQWHOOLJHQW VHOHFWLRQñ

WR SHUIRUP RSHUDWLRQ LQ WKH HOHYDWRU PRGH , RU ,,ï

ìô &RQWURO PHWKRG

6XIILFLHQW WRUTXH LV JHQHUDWHG IRU WKH GULYH

PRGH ORDGï )RU WKH UHJHQHUDWLYH ORDG DQG QR

ORDGñ WKH WRUTXH ERRVW YDOXH LV FRQWUROOHG ZLWK

UHVSHFW WR WKH 3Uï í VHWWLQJ DV VKRZQ EHORZ WR

SUHYHQW DQ RYHUFXUUHQW WULS GXH WR

RYHUH[FLWDWLRQï

ê

3Uï ío ç

í ìííììè
ìëíìéí

%RRVW YDOXH õøô

%RRVW YDOXH í

0RGH ,

0RGH ,,

5HJHQHUDWLYH FXUUHQW õøô 'ULYLQJ FXUUHQW õøô

7RUTXH %RRVW &KDUDFWHULVWLF

õ7RUTXH ERRVW VHWWLQJ  çøô

7KH VWDUWLQJ IUHTXHQF\ LV IDFWRU\ðVHW WR ë+]ñ WKH

FXUUHQW OLPLW OHYHO WR ìèíø õRU ìåíøôñ DQG WKH

EDVH IUHTXHQF\ YROWDJH WR ëëí9ï

+HQFHñ WKH 3Uï ìê õVWDUWLQJ IUHTXHQF\ôñ 3Uï ìä

õEDVH IUHTXHQF\ YROWDJHô DQG 3Uï ëë õFXUUHQW

OLPLW YDOXHô YDOXHV DUH LJQRUHGï

7KH HOHYDWRU PRGHV , DQG ,, DUH GLIIHUHQW RQO\ LQ

FXUUHQW OLPLW OHYHOï

� %\ UHWXUQLQJ 3Uï çí WR í õRUGLQDU\ PRGHôñ WKH

3Uï íñ 3Uï ìêñ 3Uï ìä DQG 3Uï ëë YDOXHV DUH

PDGH YDOLGï

3Uï çì DQG 3Uï çé DOVR UHWXUQ WR WKH IDFWRU\

VHWWLQJ õääääôï

ëô 5HVWULFWLRQVï

�:KHQ DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO

LV VHOHFWHGñ WKH VHOHFWLRQ RI WKH HOHYDWRU PRGH

LV PDGH LQYDOLGï õ$GYDQFHG PDJQHWLF IOX[

YHFWRU FRQWURO LV PRUH DGYDQWDJHRXV LQ

SHUIRUPDQFHïô

êô $SSOLFDWLRQVï

z $SSURSULDWH DSSOLFDWLRQï

� (OHYDWRU ZLWK FRXQWHUZHLJKW

z ,QDSSURSULDWH DSSOLFDWLRQï

� 0D[LPXP WRUTXH PD\ EH LQVXIILFLHQW IRU DQ

HOHYDWRU VXEMHFWHG WR WKH ORDG RI KLJKHU WKDQ

WKH UDWLQJï

)RU DQ HOHYDWRU ZLWKRXW FRXQWHUZHLJKWñ

VHWWLQJ ûëû RU ûêû LQ 3Uï ìé õORDG SDWWHUQ

VHOHFWLRQô DQG VHWWLQJ D SURSHU YDOXH LQ

3Uï ìä õEDVH IUHTXHQF\ YROWDJHô PDNHV WKH

PD[LPXP WRUTXH ODUJHU DQG LV PRUH

DGYDQWDJHRXV WKDQ WKH VHOHFWLRQ RI WKH

HOHYDWRU PRGHï

éô 6HWWLQJ RI GHGLFDWHG SDUDPHWHUVï

%\ VHWWLQJ WKH GHGLFDWHG SDUDPHWHUVñ WKH

DSSOLFDWLRQ UDQJH FDQ EH PDGH ZLGHUï

,Q WKH IDFWRU\ VHWWLQJñ WKH FXUUHQW OLPLW IXQFWLRQ
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ìëë

LV DFWLYDWHG DW WKH ìèíø õìåíøô YDOXH RI WKH

UDWHG LQYHUWHU FXUUHQWï

� ,I 3Uï çì DQG 3Uï çé KDYH EHHQ VHW RQFHñ

FKDQJLQJ WKH 3Uï çí õLQWHOOLJHQW VHOHFWLRQô

VHWWLQJ DXWRPDWLFDOO\ UHWXUQV WKHP WR WKH

IDFWRU\ VHWWLQJ õääääôï +HQFHñ WKH GHGLFDWHG

SDUDPHWHUV PXVW EH VHW DIWHU 3Uï çí KDV

EHHQ VHWï

3Uï çì ã8VHG WR VHW WKH FXUUHQW YDOXH õ$ô ZKLFK LV WKH

UHIHUHQFH RI WKH FXUUHQW OLPLW YDOXHï

ääää ã 5DWHG LQYHUWHU FXUUHQW

í WR èíí ã 6HW YDOXH õUDWHG PRWRU FXUUHQWô LV

GHILQHG DV UHIHUHQFHï

:KHQ WKH PRWRU DQG LQYHUWHU DUH GLIIHUHQW LQ

FDSDFLW\ñ IRU H[DPSOHñ DQG LW LV GHVLUHG WR GHILQH WKH

PRWRU UDWLQJ DV UHIHUHQFHñ VHW WKH UHIHUHQFH FXUUHQW

YDOXH LQ WKLV SDUDPHWHUï

3Uï çé ã8VHG WR VHW WKH VWDUWLQJ IUHTXHQF\ õ+]ô LQ WKH

HOHYDWRU PRGHï

ääää ã 6WDUWLQJ IUHTXHQF\ LV VHW WR ë+]ï

í WR ìí ã 6HW YDOXH LV WKH VWDUWLQJ IUHTXHQF\

õ+]ôï

6HW WKLV SDUDPHWHU ZKHQ LW LV GHVLUHG WR LQFUHDVHî

GHFUHDVH WKH VWDUWLQJ WRUTXHï

õèô%UDNH VHTXHQFH PRGHV ,ñ ,, $èíí

7KLV IXQFWLRQ RXWSXWV D EUDNH FRQWURO VLJQDO IURP

WKH LQYHUWHU WR RSHUDWH WKH PHFKDQLFDO EUDNH DW DQ

DSSURSULDWH WLPHï

7KLV IXQFWLRQ ZRUNV RQO\ LQ WKH DGYDQFHG

PDJQHWLF IOX[ YHFWRU FRQWURO PRGH ZKLFK LV

RSWLPXP IRU HOHYDWRU DSSOLFDWLRQVñ DQG FDQQRW EH

XVHG LQ WKH 9î) FRQWURO PRGHï

)RU GHWDLOVñ UHIHU WR 6HFWLRQ ìïçïééï
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ìëê

ìïçïëì 5HWU\ IXQFWLRQ > 3Uï çèñçæñçåñçä@ &20021

:KHQ DQ DODUP RFFXUV LQ WKH LQYHUWHUñ WKLV IXQFWLRQ

DOORZV WKH LQYHUWHU WR DXWRPDWLFDOO\ UHVHW WKH DODUPñ

PDNHV D UHVWDUW DQG UHVXPHV RSHUDWLRQï

õìô 5HWU\ RSHUDWLRQ IXQFWLRQV

)XQFWLRQV 5HODWHG WR 5HWU\ 2SHUDWLRQ

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ 5DQJH 6HW 9DOXH 2SHUDWLRQ
)DFWRU\
6HWWLQJ

í 5HWU\ RSHUDWLRQ LV QRW SHUIRUPHGï {

ì WR ìí
5HWU\ RSHUDWLRQ LV SHUIRUPHG WKH QXPEHU RI SUHVHW
WLPHVñ ZLWK DODUP RXWSXW QRW SURYLGHG GXULQJ
RSHUDWLRQï

ðð
çæ

1XPEHU RI UHWULHV DW
DODUP RFFXUUHQFH

í WR ìí WLPHVñ
ìíì WR ììí

ìíì WR ììí
5HWU\ RSHUDWLRQ LV SHUIRUPHG WKH QXPEHU RI õVHWWLQJ
ð ìííô WLPHVñ ZLWK DODUP RXWSXW SURYLGHG GXULQJ
RSHUDWLRQï

�

çå 5HWU\ ZDLWLQJ WLPH
í WR ìí V
õ1RWHô

í WR ìí
õ1RWHô

5HWU\ RSHUDWLRQ LV VWDUWHG DIWHU SUHVHW WLPH KDV
HODSVHGï

ì

çä
6XFFHVVIXO UHWU\ FRXQW
GLVSOD\ DQG HUDVH

í í
'LVSOD\V WKH QXPEHU RI SDVW VXFFHVVIXO UHWULHVï
6HW ûíû WR FOHDU WKH QXPEHU RI VXFFHVVIXO UHWULHVï

í

1RWHã í WR êçí IRU (èíí ï

ìô 5HWU\ RSHUDWLRQ

:KHQ DQ DODUP KDV RFFXUUHGñ WKH LQYHUWHU VWRSV

WKH RXWSXWï :KHQ WKH WLPH VHW LQ 3Uï çå KDV

HODSVHGñ WKH LQYHUWHU UHVHWV WKH DODUP DQG UHVWDUWV

DW WKH VWDUWLQJ IUHTXHQF\ õ1RWH ìôï

:KHQ QR DODUP RFFXUV ZLWKLQ D SHULRG ILYH WLPHV

ORQJHU WKDQ WKH WLPH VHW LQ 3Uï çåñ LW LV UHJDUGHG

WKDW UHWU\ KDV VXFFHHGHG DQG WKH 3Uï çä õQXPEHU

RI VXFFHVVIXO UHWULHVô YDOXH LV LQFUHPHQWHG E\ ìï

õ5HIHU WR WKH FKDUW RQ WKH ULJKWïô

:KHQ DQ DODUP RFFXUV ZLWKLQ D SHULRG ILYH WLPHV

ORQJHU WKDQ WKH WLPH VHW LQ 3Uï çåñ WKH LQYHUWHU

UHVWDUWV DJDLQ DIWHU WKH WLPH VHW LQ 3Uï çå KDV

HODSVHGï

:KHQ UHWULHV DUH PDGH PRUH WKDQ WKH QXPEHU RI

WLPHV VHW LQ 3Uï çæ õõVHWWLQJ ð ìííô WLPHV ZKHQ WKH

VHWWLQJ LV DQ\ RI ìíì WR ììíôñ UHWU\ FRXQW H[FHVV

DODUP >(ï5(7@ FDXVHV WKH LQYHUWHU RXWSXW WR VWRSï

1RWHã ìï ,I DQ ,3) RU 897 DODUP KDV RFFXUUHG ZLWK

WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU

LQVWDQWDQHRXV SRZHU IDLOXUH EHLQJ VHOHFWHGñ

WKH LQYHUWHU VWDUWV GXULQJ FRDVWLQJï 7KLV LV

QRW LQFOXGHG LQ WKH QXPEHU RI DODUP UHWULHVï

,I WKH DODUP WKDW KDV RFFXUUHG LV RWKHU WKDQ

WKH DERYHñ WKH LQYHUWHU GRHV QRW UHVWDUW

GXULQJ FRDVWLQJ EXW UHVWDUWV DW WKH VWDUWLQJ

IUHTXHQF\ï

ëï :KHQ XVLQJ WKLV IXQFWLRQñ FDUH PXVW EH

WDNHQ QRW WR PDNH RSHUDWRUV KD]DUGRXV

VLQFH WKLV IXQFWLRQ FDXVHV WKH LQYHUWHU WR

UHVWDUW RSHUDWLRQ DXWRPDWLFDOO\ DIWHU WKH

UHWU\ ZDLWLQJ WLPH VHW LQ 3Uï çå KDV

HODSVHGï

êï :KHQ WKH LQYHUWHU LV UHVHW DW WKH WLPH RI

UHVWDUW PDGH E\ WKH UHWU\ IXQFWLRQñ WKHUPDO

FXPXODWLYH GDWD VXFK DV WKH HOHFWURQLF

WKHUPDO UHOD\ DQG UHJHQHUDWLYH EUDNH GXW\

DUH QRW FOHDUHGï õ7KLV LV GLIIHUHQW IURP

SRZHUðRQ UHVHWïô

ëô $ODUP RXWSXW

1R DODUP LV RXWSXW GXULQJ UHWU\ RSHUDWLRQ VHOHFWLRQ

LI DQ\ RI ì WR ìí LV VHW LQ 3Uï çæï

$Q DODUP LV RXWSXW ZKHQ D UHWU\ FRXQW H[FHVV

DODUP >(ï5(7@ RFFXUVï

:KHQ DQ\ RI ìíì WR ììí LV VHW LQ 3Uï çæñ DQ DODUP

LV RXWSXW GXULQJ UHWU\ RSHUDWLRQï

êô $ODUP GHILQLWLRQ VWRUDJH

7KH GHILQLWLRQ RI RQO\ WKH DODUP WKDW KDV RFFXUUHG

ILUVW LV VWRUHG LQWR (ë520ñ DQG WKDW RI DQ\ DODUP

RFFXUULQJ GXULQJ UHWU\ RSHUDWLRQ LV QRW VWRUHGï

í

$ODUP
RFFXUUHQFH

,QYHUWHU
RXWSXW
IUHTXHQF\

5HWU\ VWDUW
5HWU\ VXFFHVVIXO

1XPEHU RI VXFFHVVIXO UHWULHV

1XPEHU RI
VXFFHVVIXO UHWULHV ò ì

7LPH

3Uï çå

3Uï çå u è

5HWU\ 2SHUDWLRQ &KDUW
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ìëé

õëô5HWU\ VHOHFWLRQ IXQFWLRQ

6HW WKH 3Uï çè YDOXH WR FKRRVH DODUPV WR EH UHVHW

IRU UHWU\ï

ìô $èíí

(UURUV 5HVHW

IRU 5HWU\
3Uï çè 6HWWLQJ

'LVSOD\ í ì ë ê é è

(ï2&ì z z z z z
(ï2&ë z z z z
(ï2&ê z z z z z
(ï29ì z z z z
(ï29ë z z z z
(ï29ê z z z z
(ï7+0 z
(ï7+7 z
(ï,3) z z
(ï897 z z
(ï),1

(ï %( z z
(ï *) z z
(ï /)

(ï2+7 z
(ï2/7 z z
(ï237 z z
(ï23ì z z
(ï23ë z z
(ï23ê z z
(ï 3( z z
(ï38(

(ï5(7

(ï&38

(ï0%ì z z
(ï0%ë z z
(ï0%ê z z
(ï0%é z z
(ï0%è z z
(ï0%ç z z
(ï0%æ z z
(ï3ëé

(ï&7(

1RWHã z LQGLFDWHV WKH HUURUV VHOHFWHG IRU UHWU\ï

ëô (èíí

(UURUV 5HVHW

IRU 5HWU\
3Uï çè 6HWWLQJ

'LVSOD\ 0 1 2 3

(ï2&ì z z z
(ï2&ë z z z
(ï2&ê z z z
(ï29ì z z z
(ï29ë z z z
(ï29ê z z z
(ï7+0 z
(ï7+7 z
(ï),1

(ï %( z
(ï2+7 z
(ï2/7 z
(ï237 z
(ï 3( z
(ï38(

(ï5(7

(ï&38

1RWHã z LQGLFDWHV WKH HUURUV VHOHFWHG IRU UHWU\ï
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ìëè

ìïçïëë 3:0 FDUULHU IUHTXHQF\ > 3Uï æëñëéí@ &20021

$OORZV WKH 3:0 FRQWURO FDUULHU IUHTXHQF\ RI WKH

LQYHUWHU WR EH FKDQJHGï

7R DYRLG WKH UHVRQDQFH IUHTXHQF\ RI D PHFKDQLFDO

V\VWHP RU D PRWRUñ RU WR UHGXFH LQYHUWHUðJHQHUDWHG

QRLVH DQG OHDNDJH FXUUHQWñ FKDQJLQJ WKH FDUULHU

IUHTXHQF\ PD\ SURGXFH DQ HIIHFWï

:KHQ WKH FDUULHU IUHTXHQF\ VHWWLQJ LV ORZñ PDNLQJ

6RIWð3:0 FRQWURO YDOLG DOORZV WKH PHWDOOLF WRQH RI

PRWRU QRLVH WR EH FKDQJHG LQWR DQ LQRIIHQVLYH

FRPSOH[ WRQHï

3DUDPHWHU 1XPEHU 1DPH 6HW 9DOXH 'HVFULSWLRQ

æë
3:0 IUHTXHQF\

VHOHFWLRQ
í WR ìè

6HW YDOXH LQGLFDWHV D >N+]@ YDOXHï +RZHYHUñ í LV HTXDO WR íïæN+] DQG ìè WR

ìéïèN+]ï

í 6RIWð3:0 LQYDOLG
ëéí 6RIWð3:0 VHWWLQJ

ì 6RIWð3:0 LV PDGH YDOLG ZKHQ DQ\ RI ûí WR èû LV VHW LQ 3Uï æëï

1RWHã 1RWH WKDW ZKHQ WKH (èíí LV UXQ ZLWK ëN+] RU PRUH VHW LQ 3Uï æë DW WKH DPELHQW WHPSHUDWXUH RI KLJKHU

WKDQ éíq&ñ WKH UDWHG RXWSXW FXUUHQW RI WKH LQYHUWHU PXVW EH UHGXFHG IRU XVHï õ5HIHU WR 6HFWLRQ ìïìïì õëôïô

í ëN éN çN åN ìíN ìëN í
ë

é

í

çN

ëN

éN

ìëN

åN

ìíN

1RLVH OHYHO

7LPH >V@

)UHTXHQF\ >+]@

í ëN éN çN åN ìíN ìëN í
ë

é

í

çN

ëN

éN

ìëN

åN

ìíN

1RLVH OHYHO

7LPH >V@

)UHTXHQF\ >+]@

õDô :LWK 6RIWð3:0

'LVWULEXWHG IUHTXHQF\ FRPSRQHQWV SURYLGH DQ

LQRIIHQVLYH WRQH ZLWK OLWWOH PHWDOOLF VRXQGï

õEô :LWKRXW 6RIWð3:0

&RQFHQWUDWHG IUHTXHQF\ FRPSRQHQWV SURYLGH DQ

RIIHQVLYH PHWDOOLF VRXQGï

0RWRU 1RLVH 'DWD ([DPSOHV õ6)ð-5 éðSROH êïæN: PRWRU DW FDUULHU IUHTXHQF\ RI ëN+]ô

ìïçïëê ,QSXW ILOWHU FRQVWDQW > 3Uï æé@ &20021

$OORZV WKH ILOWHU FRQVWDQW LQ WKH LQYHUWHU WR EH

FKDQJHG LQ UHODWLRQ WR DQ H[WHUQDO DQDORJ LQSXW

VLJQDOï

�,QFUHDVH WKH VHW YDOXH ZKHQ LQVWDOOLQJ WKH LQYHUWHU

LQ D SODFH ZLWK PXFK H[WHUQDO QRLVH RU ZKHQ VWDEOH

RSHUDWLRQ FDQQRW EH SHUIRUPHG GXH WR WKH

LQIOXHQFH RI QRLVHï

$ KLJKHU VHW YDOXH GHFUHDVHV WKH UHVSRQVH OHYHOï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ

æé
,QSXW ILOWHU

FRQVWDQW
í WR å LQWHJHU ì

6HW YDOXH íã $ERXW ìPV UHVSRQVH GHOD\

6HW YDOXH åã $ERXW ìV UHVSRQVH GHOD\

7KLV IXQFWLRQ LV LQYDOLG IRU WKH IROORZLQJ GLJLWDOO\ VHW

YDOXHVã

38 RSHUDWLRQ 0XOWLðVSHHG VHWWLQJ

ìëðELW GLJLWDO LQSXW &RPSXWHU DQG 3& OLQN
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1.6.24 Selection of advanced magnetic flux vector control
[ Pr. 80,81,89] A500

Advanced magnetic flux vector control is a control
system which allows low-speed torque to be
improved by dividing the motor current into an
exciting current and a torque current and making
voltage compensation to flow a motor current which
meets the load torque.
The magnitude of a load torque (i.e. motor slip) is
estimated from the magnitude of the torque current
on the basis of more accurate motor constants,
thereby controlling the output frequency (slip
compensation) to make the actual motor speed
nearer to the speed command value.

Advanced magnetic flux vector control can be
chosen by setting the capacity, poles and type of the
motor used.

E
xc

iti
ng

 c
ur

re
nt

Motor current

Torque current

Vector Division of Motor Current
(1)Conditions of advanced magnetic flux vector

control selection
Advanced magnetic flux vector control may only
be utilized effectively when all of the following
conditions are satisfied.
If any of the conditions cannot be satisfied, torque
shortage, speed fluctuation or another fault may
have occurred. Choose V/F control to perform
operation.
• The motor capacity is equal to or one rank lower

than the inverter capacity.
Note that the motor capacity should be 0.4kW or
more.

• The motor type is the Mitsubishi standard motor
or Mitsubishi constant-torque motor. When any
other motor (other standard motor, other
constant-torque motor) is used, use this function
after performing offline auto tuning with the auto
tuning function (refer to Section 1.6.26).

• The number of motor poles is any of 2, 4 or  6.
(4 poles only for the constant-torque motor)

• Single-motor operation (one motor for one
inverter) is performed.

• The wiring length between the inverter and
motor is within 30m. (If the length is over 30m,
perform offline auto tuning with the cables
wired.)

(2)How to select advanced magnetic flux vector
control
Advanced magnetic flux vector control is selected
by merely setting any value other than 9999 in
Pr.  80 (motor capacity) and Pr. 81 (number of

poles). V/F control is chosen when either of the Pr.

80 and Pr. 81 settings is 9999.
When using Mitsubishi's constant-torque motor
(SF-JRCA), set "1" in Pr. 71. (When using the
SF-JRC, perform the offline auto tuning .)
When using Mitsubishi's standard motor (SF-JR,
4P, 1.5kW or less), set "20" in Pr. 71.
Note: By switching on-off the signal across

X18-SD, you can select between V/F
control and magnetic flux vector control for
operation. (Refer to the table on the next
page.)

(3) Information on  advanced magnetic flux vector
control
• A little inferior in speed fluctuation improvement

to V/F control.
• There is an arithmetic operation delay of 0.1 to

0.2s at start-up.
• Applications suitable for advanced magnetic flux

vector control.
   Machines requiring a large starting torque
   Machines requiring a sufficient low-speed
torque
 Machines varying greatly in load

• Applications unsuitable for advanced magnetic
flux vector control.
 Grinders, lapping machines and other
machines for which speed fluctuation at low
speed is important
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ìëæ

)XQFWLRQV 5HODWHG WR $GYDQFHG 0DJQHWLF )OX[ 9HFWRU &RQWURO

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH 6HW 9DOXH 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

ääää 9î) FRQWURO LV VHOHFWHGï {
åí

0RWRU

FDSDFLW\

ääääñ

íïé WR èèN: íïé WR èè 6HW PRWRU FDSDFLW\ õN:ôï �

ääää 9î) FRQWURO LV VHOHFWHGï {

ëñ éñ ç 6HW WKH QXPEHU RI PRWRU SROHVï �

åì
1XPEHU RI

PRWRU SROHV

ääääñ

ëñ éñ ç

ìëñ ìéñ ìç ìëñ ìéñ ìç

6ZLWFK RQ WKH VLJQDO DFURVV ;ìåð6' WR FKRRVH

9î) FRQWURO LI \RX KDYH VHW WKH QXPEHU RI

PRWRU SROHVï

ìëã &RUUHVSRQGLQJ WR ëðSROH PRWRU

ìéã &RUUHVSRQGLQJ WR éðSROH PRWRU

ìçã &RUUHVSRQGLQJ WR çðSROH PRWRU

�

õéô)LQH DGMXVWPHQW PHWKRG IRU DGYDQFHG PDJQHWLF

IOX[ YHFWRU FRQWURO

� )RU DGMXVWPHQW RI PRWRU VSHHG IOXFWXDWLRQ GXH

WR ORDG YDULDWLRQï

3Uï åä FDQ EH XVHG WR DGMXVW PRWRU VSHHG

IOXFWXDWLRQ ZKHQ WKH ORDG YDULHVï õ:KHQ \RX

KDYH FKDQJHG WKH FRQYHQWLRQDO PRGHO

)5ð$ëíí( VHULHV IRU WKH )5ð$èíí VHULHVñ

DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO LV

HIIHFWLYH ZKHQ PRWRU VSHHG GRHV QRW PDWFKïô

8VH 3Uï åä IRU DGMXVWPHQWï

/R
D
G
WR
UT
XH

õ7
ô

6SHHG õ1ô
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ìëå

ìïçïëè 6HOHFWLRQ RI JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO
> 3Uï åí@ (èíí

*HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO LV D

FRQWURO V\VWHP ZKLFK DOORZV ORZðVSHHG WRUTXH WR EH

LPSURYHG E\ GLYLGLQJ WKH PRWRU FXUUHQW LQWR DQ

H[FLWLQJ FXUUHQW DQG D WRUTXH FXUUHQW DQG PDNLQJ

YROWDJH FRPSHQVDWLRQ WR IORZ D PRWRU FXUUHQW ZKLFK

PHHWV WKH ORDG WRUTXHï

*HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO FDQ EH

FKRVHQ E\ VHWWLQJ WKH FDSDFLW\ DQG W\SH RI WKH PRWRU

XVHGï

(
[F
LWL
Q
J
FX
UU
HQ
W

0RWRU FXUUHQW

7RUTXH FXUUHQW

9HFWRU 'LYLVLRQ RI 0RWRU &XUUHQW

õìô&RQGLWLRQV RI JHQHUDOðSXUSRVH PDJQHWLF IOX[

YHFWRU FRQWURO VHOHFWLRQ

*HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO PD\

RQO\ EH XWLOL]HG HIIHFWLYHO\ ZKHQ DOO RI WKH

IROORZLQJ FRQGLWLRQV DUH VDWLVILHGï

,I DQ\ RI WKH FRQGLWLRQV FDQQRW EH VDWLVILHGñ WRUTXH

VKRUWDJHñ VSHHG IOXFWXDWLRQ RU RWKHU IDXOW PD\

KDYH RFFXUUHGï &KRRVH 9î) FRQWURO WR SHUIRUP

RSHUDWLRQï

x 7KH PRWRU FDSDFLW\ LV HTXDO WR RU RQH UDQN ORZHU
WKDQ WKH LQYHUWHU FDSDFLW\ï

1RWH WKDW WKH PRWRU FDSDFLW\ VKRXOG EH íïìN: RU

PRUHï

x 7KH QXPEHU RI PRWRU SROHV LV DQ\ RI ëñ éñ RU çï
õé SROHV RQO\ IRU WKH FRQVWDQWðWRUTXH PRWRUï 7KH

QXPEHU RI SROHV QHHG QRW EH VHWïô

x 6LQJOHðPRWRU RSHUDWLRQ õRQH PRWRU IRU RQH
LQYHUWHUô LV SHUIRUPHGï

x 7KH ZLULQJ OHQJWK EHWZHHQ WKH LQYHUWHU DQG
PRWRU LV ZLWKLQ êíPï õ,I WKH OHQJWK LV RYHU êíPñ

SHUIRUP RIIOLQH DXWR WXQLQJ ZLWK WKH FDEOHV

ZLUHGïô

õëô+RZ WR VHOHFW JHQHUDOðSXUSRVH PDJQHWLF IOX[

YHFWRU FRQWURO

*HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO LV

VHOHFWHG E\ PHUHO\ VHWWLQJ DQ\ YDOXH RWKHU WKDQ

ääää LQ 3Uï åí õPRWRU FDSDFLW\ôï 9î) FRQWURO LV

FKRVHQ ZKHQ WKH 3Uï åí VHWWLQJ LV ääääï

:KHQ XVLQJ 0LWVXELVKLöV FRQVWDQWðWRUTXH PRWRU

õ6)ð-5&$ôñ VHW ûìû LQ 3Uï æìï õ:KHQ XVLQJ WKH

6)ð-5&ñ SHUIRUP WKH RIIOLQH DXWR WXQLQJ ïô

)XQFWLRQV 5HODWHG WR *HQHUDOð3XUSRVH 0DJQHWLF

)OX[ 9HFWRU &RQWURO

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

6HW

9DOXH
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

ääää
9î) FRQWURO LV

VHOHFWHGï
{

åí
0RWRU

FDSDFLW\

ääääñ

íïì WR

êïæN:
íïì WR

êïæ

6HW PRWRU

FDSDFLW\

õN:ôï

�
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ìëä

ìïçïëç 2IIOLQH DXWR WXQLQJ IXQFWLRQ > 3Uï æìñåë WR åéñäí WR äéóñäç@ &20021

õó 3Uï äì WR äé DUH QRW SURYLGHG IRU (èíí ïô

%\ XVLQJ WKH RIIOLQH DXWR WXQLQJ IXQFWLRQñ \RX FDQ UXQ
WKH PRWRU ZLWK WKH RSWLPXP RSHUDWLQJ FKDUDFWHULVWLFV
XQGHU DGYDQFHG õJHQHUDOðSXUSRVHô PDJQHWLF IOX[
YHFWRU FRQWUROï
7XQLQJ GDWD õPRWRU FRQVWDQWVô FDQ EH FRSLHG WR

DQRWKHU LQYHUWHU ZLWK WKH )5ð'8íé RSHUDWLRQ SDQHO
RU )5ð38íé SDUDPHWHU XQLWï
1RWH WKDW D KLJKðVOLS PRWRUñ KLJKðVSHHG PRWRU RU
RWKHU VSHFLDO PRWRU FDQQRW EH WXQHGï $OVRñ WKH
KLJKHVW VSHHG VKRXOG EH ìëí+]ï

$XWR 7XQLQJð5HODWHG )XQFWLRQV IRU $èíí

3DUDPHWHU
1XPEHU

1DPH
6HWWLQJ
5DQJH

6HW 9DOXH 'HVFULSWLRQ
)DFWRU\
6HWWLQJ

í 6WDQGDUG PRWRU õPRUH WKDQ ìïèN:ô {

ì &RQVWDQWðWRUTXH PRWRU

ë 6WDQGDUG PRWRU õèðSRLQW IOH[LEOH 9î) FKDUDFWHULVWLFVô

ëí 0LWVXELVKL 6)ð-5 VWDQGDUG PRWRU õìïèN: RU OHVVô

ê 6WDQGDUG PRWRU

ìê &RQVWDQWðWRUTXH PRWRU

ëê
0LWVXELVKL 6)ð-5
VWDQGDUG PRWRU
õìïèN: RU OHVVô

û2IIOLQH DXWR WXQLQJ VHWWLQJû LV
VHOHFWHGï

é 6WDQGDUG PRWRU

ìé &RQVWDQWðWRUTXH PRWRU

ëé
0LWVXELVKL 6)ð-5
VWDQGDUG PRWRU
õìïèN: RU OHVVô

$XWR WXQLQJ GDWD UHDG RU FKDQJH
VHWWLQJ HQDEOHG

è 6WDQGDUG PRWRU

ìè &RQVWDQWðWRUTXH PRWRU

6WDU
FRQQHFWLRQ

ç 6WDQGDUG PRWRU

ìç &RQVWDQWðWRUTXH PRWRU

'HOWD
FRQQHFWLRQ

'LUHFW LQSXW RI PRWRU
FRQVWDQWV HQDEOHG

æ 6WDQGDUG PRWRU

ìæ &RQVWDQWðWRUTXH PRWRU

6WDU
FRQQHFWLRQ

å 6WDQGDUG PRWRU

æì
$SSOLHG PRWRU
õ1RWH ìô

í WR çñ
ìê WR ìçñ
ëíñ ëêñ ëé

ìå &RQVWDQWðWRUTXH PRWRU

'HOWD
FRQQHFWLRQ

'LUHFW LQSXW RI PRWRU
FRQVWDQWV ò RIIOLQH
DXWR WXQLQJ

�

ääää {
åë

0RWRU H[FLWLQJ
FXUUHQW

í WR èíí$ñ
ääää í WR èíí$

0RWRU H[FLWLQJ FXUUHQW õ$ô FDQ EH VHW DV GHVLUHGï
�

åê
5DWHG PRWRU
YROWDJH

í WR ìííí9 í WR ìííí9 6HW WKH UDWHG PRWRU YROWDJH õ9ôï
ëíí

õ1RWH éô

åé
5DWHG PRWRU
IUHTXHQF\

èí WR ìëí+] èí WR ìëí+] 6HW WKH UDWHG PRWRU IUHTXHQF\ õ+]ôï çí

ääää {
äí

0RWRU FRQVWDQW
õ5ìô

ääääñ
í WR èí: í WR èí: �

ääää {
äì

0RWRU FRQVWDQW
õ5ëô

ääääñ
í WR èí: í WR èí: �

ääää {

äë
0RWRU FRQVWDQW
õ/ìô

ääääñ
í WR

ìíííïíP+
í WR

ìíííïíP+
�

ääää {

äê
0RWRU FRQVWDQW
õ/ëô

ääääñ
í WR

ìíííïíP+
í WR

ìíííïíP+
�

ääää {
äé

0RWRU FRQVWDQW
õ;ô

ääääñ
í WR ìííø í WR ìííø

7XQLQJ GDWD õ1RWH ëô

�
í û2IIOLQH DXWR WXQLQJ LV QRW SHUIRUPHGû LV VHOHFWHGï {

ì 2IIOLQH DXWR WXQLQJ LV SHUIRUPHG ZLWKRXW PRWRU UXQQLQJï �äç
$XWR WXQLQJ
VHWWLQJîVWDWXV

íñ ìñ ìíì
õ1RWH êô

ìíì õ1RWH êô 2IIOLQH DXWR WXQLQJ LV SHUIRUPHG ZLWK PRWRU UXQQLQJï {

1RWHã ìï 7KH HOHFWURQLF RYHUFXUUHQW SURWHFWLRQ FKDUDFWHULVWLFV DUH DOVR VHOHFWHG VLPXOWDQHRXVO\ï

ëï 7KH YDOXHV PHDVXUHG E\ DXWR WXQLQJ DUH VHW DXWRPDWLFDOO\ï

êï 6HOHFW ûìíìû WR LQFUHDVH WXQLQJ DFFXUDF\ï

éï 7KH IDFWRU\ VHWWLQJ LV éíí9 IRU WKH éíí9 FODVVï
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130

Auto Tuning-Related Functions for E500

Parameter

Number
Name

Setting

Range
Set Value Description

Factory

Setting

0, 100
Electronic overcurrent protection thermal characteristics

suitable for standard motor
¡(0)

1, 101
Electronic overcurrent protection thermal characteristics

suitable for Mitsubishi constant-torque motor

3, 103 Standard motor

13, 113 Constant-torque motor

23, 123

Mitsubishi SF-JR

standard motor

(1.5kW or less)

"Offline auto tuning setting" is

selected.

5, 105 Standard motor

15, 115 Constant-torque motor

Star

connection

6, 106 Standard motor

71
Applied motor

(Note 1)

0, 1, 3, 5, 6,

13, 15, 16,

23, 100,

101, 103,

105, 106,

113, 115,

116, 123

16, 116 Constant-torque motor

Delta

connection

Direct input of

motor constants

enabled



9999 ¡
82

Motor exciting

current

0 to 500A,

9999 0 to 500A
Motor exciting current (A) can be set as desired.



83
Rated motor

voltage
0 to 1000V 0 to 1000V Set the rated motor voltage (V). 200

84
Rated motor

frequency
50 to 120Hz 50 to 120Hz Set the rated motor frequency (Hz). 60

9999 ¡
90

Motor constant

(R1)

9999,

0 to 50Ω 0 to 50Ω
Tuning data (Note 2)


0 "Offline auto tuning is not performed" is selected. ¡

96
Auto tuning

setting/status
0, 1

1 Offline auto tuning is performed without motor running. 

Note: 1.  The electronic overcurrent protection characteristics are also selected simultaneously.

2.  The values measured by auto tuning are set automatically.

3.  The factory setting of the 400V class is 400V.

(1)Checking the wiring and load
Before starting the auto tuning, make the
following checks:
1) Make sure that the motor is connected and

advanced (general-purpose) magnetic flux
vector control is selected. Note that when the
tuning is started, the motor should be at a
stop.

2) Auto tuning may be made if the motor is
connected with a load (e.g. friction, stationary
load). However, tuning can be made more
accurately as the load is smaller. The turning
accuracy does not change if the inertia is large.

3) For A500 , when "101" (auto tuning is
performed with motor running) is set in Pr. 96
(auto tuning setting/status), note the following:
a) During tuning, torque is not sufficient.
b) Problems should not arise if the motor is run

up to nearly the rated motor frequency
( Pr. 84 setting).

c) The brake should be open.
d) The motor should not be run by external

force.

4) If "1" (tuning is performed without motor
running) is set in Pr. 96, the motor may run
slightly. Therefore, fix the motor securely with a
mechanical brake, or before tuning, make sure
that there will be no problem in safety if the
motor runs.
*This instruction must be followed especially for
vertical lift applications.
Note that if the motor runs slightly, tuning
performance is unaffected.

5) Auto tuning will not be performed properly if it
is performed when the optional noise reducing
reactor (FR-BOL) or surge voltage suppression
filter (FR-ASF-H) is connected between the
inverter and motor. Remove them before
starting tuning.
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ìêì

õëô3DUDPHWHU VHWWLQJ
8VLQJ 3Uï åí DQG 3Uï åì õ 3Uï åí IRU (èíí ñô
VHOHFW WKH DGYDQFHG õJHQHUDOðSXUSRVHô PDJQHWLF
IOX[ YHFWRU FRQWUROï $IWHU WKDWñ UHIHU WR WKH
SDUDPHWHU GHWDLOV OLVW DQG VHW WKH IROORZLQJ
SDUDPHWHUVã
ìô 3Uï äç õDXWR WXQLQJ VHWWLQJîVWDWXVô
6HW ûìû RU ûìíìûï
z )RU VHWWLQJ RI ûìû

ððððððððð7XQLQJ LV PDGH ZLWKRXW WKH PRWRU
UXQQLQJï

z )RU VHWWLQJ RI ûìíìû
ððððððððð7XQLQJ LV PDGH ZLWK WKH PRWRU UXQQLQJï

ëô 3Uï ä õHOHFWURQLF WKHUPDO UHOD\ô
ðððððððð 6HW WKH UDWHG PRWRU FXUUHQW õ$ôï

êô 3Uï åê õUDWHG PRWRU YROWDJHôõQRWHô
ðððððððð 6HW WKH UDWHG PRWRU YROWDJH õ9ô

éô 3Uï åé õUDWHG PRWRU IUHTXHQF\ôõQRWHô
ðððððððð 6HW WKH UDWHG PRWRU IUHTXHQF\ õ+]ôï

èô 3Uï æì õDSSOLHG PRWRUô
ðððððððð 5HIHU WR WKH IROORZLQJ DQG VHOHFW WKH

YDOXHã
z 6WDQGDUG PRWRUððððððððððððððððððð6HWWLQJ ûêû
z &RQVWDQWðWRUTXH PRWRU ððððððððð6HWWLQJ ûìêû
z 0LWVXELVKL VWDQGDUG PRWRU 6)ð-5 é SROHV
õìïèN: RU OHVVô ððððððððððððððððððð6HWWLQJ ûëêû

1RWHã 3Uï åê DQG 3Uï åé DUH RQO\ GLVSOD\HG
ZKHQ WKH DGYDQFHG õJHQHUDOðSXUSRVHô
PDJQHWLF IOX[ YHFWRU FRQWURO LV VHOHFWHGï
,Q WKHVH SDUDPHWHUVñ VHW WKH YDOXHV JLYHQ
RQ WKH PRWRU SODWHï
:KHQ WKH VWDQGDUG PRWRU KDV PRUH WKDQ
RQH UDWHG YDOXHñ VHW ëíí9îçí+] RU
éíí9îçí+]ï

õêô$XWR WXQLQJ RSHUDWLRQ
)RU 38 RSHUDWLRQñ SUHVV WKH >):'@ RU >5(9@ NH\ï
)RU H[WHUQDO RSHUDWLRQñ WXUQ RQ WKH VWDUW VZLWFK
õVKRUW WHUPLQDOV 67) RU 675ð6'ôï
)RU (èíí ñ RQO\ DXWR WXQLQJ LQ WKH QRðURWDWLRQ
PRGH LV DYDLODEOHï

5HIHUHQFHã $XWR WXQLQJ WLPH
õIDFWRU\ VHWWLQJô

$XWR 7XQLQJ 6HWWLQJ 7LPH
ìã 1RðURWDWLRQ PRGH $SSUR[LPDWHO\ ëèV

ìíìã 5RWDWLRQ PRGH
$SSUR[LPDWHO\ éíV

õQRWH ìô

1RWHã ìï 2IIOLQH DXWR WXQLQJ WLPH YDULHV ZLWK
DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPH
VHWWLQJV DV LQGLFDWHG EHORZã
$XWR WXQLQJ WLPH
 DFFHOHUDWLRQ WLPH ò GHFHOHUDWLRQ WLPH

ò DSSUR[LPDWHO\
êí VHFRQGV

ëï :KHQ ûìíìû LV VHW LQ 3Uï äçñ JXDUG

DJDLQVW KD]DUG EHFDXVH WKH PRWRU

URWDWHVï

êï 'XULQJ DXWR WXQLQJñ WKH ,î2 VLJQDO VWDWHV

DUH DV LQGLFDWHG EHORZã

)RU $èíí )RU (èíí

9DOLG
VLJQDOV

9DOLG
WHUPLQDOV

9DOLG
VLJQDOV

9DOLG
WHUPLQDOV

,Q
SX
WV
LJ
QD
OV

6723
2+
056
57ñ&6
5(6

67)î675

2
XW
SX
WW
HU
P
LQ
DO
V

581
2/
,3)

)0ñ$0
$ï%ï&

,Q
SX
WV
LJ
QD
OV

056
5(6
67)
675

2
XW
SX
WW
HU
P
LQ
DO
V

581
)0

$ï%ï&

z 7R IRUFH WXQLQJ WR HQG

(QWHU WKH 056 RU 5(6 VLJQDO RU SUHVV WKH

>6723@ NH\ WR HQGï

1RWH éã 6SHFLDO FDXWLRQ VKRXOG EH H[HUFLVHG ZKHQ

D VHTXHQFH KDV EHHQ GHVLJQHG WR RSHQ WKH

PHFKDQLFDO EUDNH ZLWK WKH 581 VLJQDOï

$IWHU HQG RI WKH DXWR WXQLQJñ FRQILUP WKH 3Uï äç YDOXHï

z 1RUPDO HQGã ððððððððððððð ûêû RU ûìíêû LV

GLVSOD\HGï

z (UURUðDFWLYDWHG HQGã ððð $Q\ RI ûäûñ ûäìûñ ûäëû

DQG ûäêû LV GLVSOD\HGï

:KHQ WXQLQJ HQGV QRUPDOO\ñ SUHVV WKH >6723@

NH\ IRU 38 RSHUDWLRQï )RU H[WHUQDO RSHUDWLRQñ

WXUQ RII WKH VWDUW VZLWFK õRSHQ WHUPLQDOV 67) RU

675ð6'ôï 7KLV RSHUDWLRQ GHDFWLYDWHV WKH DXWR

WXQLQJ DQG WKH 38öV PRQLWRU GLVSOD\ UHWXUQV WR

WKH RUGLQDU\ LQGLFDWLRQï

:LWKRXW WKLV RSHUDWLRQñ WKH QH[W RSHUDWLRQ

FDQQRW EH GRQHï :KHQ WXQLQJ ZDV HQGHG GXH

WR DQ HUURUñ WKH DXWR WXQLQJ GLG QRW HQG

QRUPDOO\ DQG PRWRU FRQVWDQWV KDYH QRW EHHQ

VHWï 5HVHW WKH LQYHUWHU õUHIHU WR 6HFWLRQ ìïéïìëô

DQG VWDUW WXQLQJ DOO RYHU DJDLQï

z (UURUðDFWLYDWHG HQG GLVSOD\ GHILQLWLRQV

(UURU
'LVSOD\

(UURU &DXVH 5HPHG\

ä ,QYHUWHU WULS 5HðVHWï

äì
&XUUHQW OLPLW õVWDOO
SUHYHQWLRQô IXQFWLRQ ZDV
DFWLYDWHGï

,QFUHDVH
DFFHOHUDWLRQîGHFHOHUDWLRQ
WLPHï
3Uï ìèçï

äë
,QYHUWHU RXWSXW YROWDJH
UHDFKHG æèø RI UDWHG
YDOXHï

&KHFN IRU IOXFWXDWLRQ RI
SRZHU VXSSO\ YROWDJHï

äê &DOFXODWLRQ HUURU
&KHFN WKH PRWRU ZLULQJ
DQG UHðVHWï

1RWHã $XWR WXQLQJ FDQQRW EH PDGH LI WKH FXUUHQW OLPLW

õVWDOO SUHYHQWLRQô IXQFWLRQ LV DFWLYDWHG GXULQJ

DXWR WXQLQJï
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ìêë

õéô 0RQLWRULQJ WKH RIIOLQH WXQLQJ VWDWXV

'XULQJ WXQLQJñ WKH 3Uï äç YDOXH LV GLVSOD\HG RQ

WKH PDLQ PRQLWRU DQG OHYHO PHWHU DV OLVWHG EHORZï

2Q WKH RSHUDWLRQ SDQHOñ WKH YDOXHV ìñ ëñ êñ äñ äìñ

äëñ

äêñ ìíìñ ìíë DQG ìíê õ1RWHô DUH GLVSOD\HG DV RQ

WKH 38ï õ:KHQ 3Uï èì  ûìû õIDFWRU\ VHWWLQJôô

1RWHã )RU (èíí ñ ìíì WR ìíê DUH QRW GLVSOD\HGï

z 2SHUDWLRQ SDQHO õ)5ð'8íéô

GLVSOD\

õ)RU LQYHUWHU WULSô

ìï 6HWWLQJ ëï 7XQLQJ LQ SURJUHVV êï &RPSOHWLRQ (UURUðDFWLYDWHG HQG

ì ë ê'LVSOD\HG

YDOXH

õ1RWHô
ìíì ìíë ìíê

ä

1RWHã )RU (èíí ñ ìíì WR ìíê DUH QRW GLVSOD\HGï

z 3DUDPHWHU XQLW õ)5ð38íéô

PDLQ PRQLWRU

õ)RU LQYHUWHU WULSô

ìï 6HWWLQJ
ëï 7XQLQJ LQ

SURJUHVV
êï &RPSOHWLRQ (UURUðDFWLYDWHG HQG

6723 38

ì
):' 38

ë
67)

781(

6723 38

ê
67)

781(
&203/(7,21

'LVSOD\

õ1RWHô

6723 38

ìíì
):' 38

ìíë
67)

781(

6723 38

ìíê

67)

781(
&203/(7,21

6723 38

ä
67)

781(
(5525

1RWHã )RU (èíí ñ ìíì WR ìíê DUH QRW GLVSOD\HGï

z 38 OHYHO PHWHU

'LVSOD\V íø õVWDUWô WR IXOOðVFDOH ìííø õHQGô WR LQGLFDWH WKH SURJUHVV VWDWXVï
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ìêê

ìïçïëæ 2QOLQH DXWR WXQLQJ IXQFWLRQ > 3Uï äè@ $èíí

%\ RQOLQH DXWR WXQLQJñ WKH PRWRU FRQGLWLRQV DUH WXQHG

UDSLGO\ DW WKH VWDUWï 7KLV HQDEOHV SUHFLVH RSHUDWLRQ

XQDIIHFWHG E\ PRWRU WHPSHUDWXUHV DQG VWHDG\ KLJKð

WRUTXH RSHUDWLRQ GRZQ WR VXSHUðORZ VSHHGï

$IWHU VHWWLQJ WKH 3Uï åí DQG 3Uï åì YDOXHVñ VHOHFW

RQOLQH DXWR WXQLQJ ZLWK 3Uï äèï

3HUIRUP WKLV WXQLQJ ZKHQ PXFK KLJKHUðWRUTXHñ PRUH

VWDEOH RSHUDWLRQ LV UHTXLUHG DW ORZ VSHHG IRU

DGYDQFHG PDJQHWLF IOX[ YHFWRU RSHUDWLRQï

1RWHã %HIRUH VWDUWLQJ RQOLQH DXWR WXQLQJñ SHUIRUP

RIIOLQH DXWR WXQLQJï 'DWD PXVW EH FDOFXODWHGï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH

6HW

9DOXH
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í 2QOLQH DXWR WXQLQJ LV QRW PDGHï {
äè 2QOLQH DXWR WXQLQJ VHOHFWLRQ íñ ì

ì 2QOLQH DXWR WXQLQJ LV PDGHï �

õìô2SHUDWLQJ FRQGLWLRQV

ìô 'DWD UHTXLUHG IRU RQOLQH DXWR WXQLQJ LV

FDOFXODWHG LQ RIIOLQH DXWR WXQLQJï %HIRUH VWDUWLQJ

WKH RSHUDWLRQ RI WKLV IXQFWLRQñ DOZD\V H[HFXWH

WKH RIIOLQH DXWR WXQLQJ RQFH PRUHï 7KH RIIOLQH

DXWR WXQLQJ LV DOVR UHTXLUHG IRU XVH RI WKH

0LWVXELVKL VWDQGDUG PRWRU õ6)ð-5ô RU FRQVWDQWð

WRUTXH PRWRU õ6)ð-5&$ôï

ëô 2IIOLQH DXWR WXQLQJ VKRXOG EH FDUULHG RXW ZLWK

ìíì õPRWRU UXQQLQJô VHW LQ 3Uï äç DQG ZLWK WKH

PRWRU GLVFRQQHFWHG IURP WKH ORDGï õ7KH PRWRU

PD\ EH FRQQHFWHG ZLWK LQHUWLD ORDGïô

õëô 2SHUDWLQJ SURFHGXUH

ìô 5HDG WKH 3Uï äç YDOXH DQG PDNH VXUH WKDW LWV

VHWWLQJ LV ûêû RU ûìíêû õRIIOLQH DXWR WXQLQJ

FRPSOHWHôï

ëô 6HW ûìû LQ 3Uï äè WR VHOHFW WKH RQOLQH DXWR

WXQLQJï

êô %HIRUH VWDUWLQJ RSHUDWLRQñ PDNH VXUH WKDW WKH

IROORZLQJ SDUDPHWHU YDOXHV KDYH EHHQ VHWã

3DUDPHWHU

1XPEHU
'HVFULSWLRQ

ä
õ8VHG DV HLWKHU WKH UDWHG PRWRU FXUUHQW RU HOHFWURQLF

RYHUFXUUHQW SURWHFWLRQ SDUDPHWHUô

æì $SSOLHG PRWRU

åí

0RWRU FDSDFLW\

õGRZQ WR RQH UDQN ORZHUñ EHWZHHQ íïéN: DQG

èèN:ô

åì 1XPEHU RI PRWRU SROHV

éô *LYH WKH UXQ FRPPDQG LQ WKH 38 RU H[WHUQDO

RSHUDWLRQ PRGHï

1RWHã ìï ,I DQ\ RI WKH LQYHUWHU VWDUWLQJ FRQGLWLRQV DUH

QRW VDWLVILHGñ HïJï ZKHQ 056 LV LQSXWñ LI WKH

VHW IUHTXHQF\ LV ORZHU WKDQ WKH VWDUWLQJ

IUHTXHQF\ õ 3Uï ìêô YDOXHñ RU GXULQJ DQ

LQYHUWHU HUURUñ WKH RQOLQH DXWR WXQLQJ LV QRW

DFWLYDWHGï

ëï )RU D UHVWDUW GXULQJ GHFHOHUDWLRQ RU '&

G\QDPLF EUDNH RSHUDWLRQñ WKH RQOLQH DXWR

WXQLQJ LV QRW DFWLYDWHGï

êï 7KH RQOLQH DXWR WXQLQJ LV LQYDOLG IRU

SURJUDPPHG RSHUDWLRQ RU MRJ RSHUDWLRQï

éï :KHQ DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV

SRZHU IDLOXUH LV VHOHFWHGñ LW RYHUULGHV WKH

RQOLQH DXWR WXQLQJï

èï )RU XVH LQ YHUWLFDO OLIW DSSOLFDWLRQñ H[DPLQH

WKH XVH RI D EUDNH VHTXHQFH IRU EUDNH

RSHQLQJ WLPLQJ DW WKH VWDUWï 7KRXJK WKH

WXQLQJ HQGV LQ DERXW D PD[LPXP RI èííPV

DIWHU VWDUWLQJñ HQRXJK WRUTXH LV QRW

SURYLGHG GXULQJ WKDW SHULRGï 7KHUHIRUHñ QRWH

WKDW WKH ORDG PD\ GURS GXH WR JUDYLW\ï

çï =HUR FXUUHQW GHWHFWLRQ DQG RXWSXW FXUUHQW

GHWHFWLRQ DUH DOVR YDOLG GXULQJ WKH RQOLQH

DXWR WXQLQJï

æï 7KH 581 VLJQDO LV QRW RXWSXW GXULQJ WKH

RQOLQH DXWR WXQLQJï 7KH 581 VLJQDO

VZLWFKHV RQ DW D VWDUWï

åï :KHQ SURJUDPPHG RSHUDWLRQ LV VHOHFWHG

õ 3Uï æä  èôñ WKH RQOLQH DXWR WXQLQJ LV

LQYDOLG DQG LV QRW H[HFXWHGï

äï ,I WKH SHULRG EHWZHHQ LQYHUWHU VWRS DQG

UHVWDUW LV ZLWKLQ é VHFRQGVñ WKH RQOLQH DXWR

WXQLQJ LV H[HFXWHG EXW RSHUDWLRQ ZLOO QRW

UHIOHFW WKH WXQLQJ UHVXOWVï
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ìïçïëå 6OLS FRPSHQVDWLRQ > 3Uï ëéè WR ëéæ@ (èíí

7KH LQYHUWHU RXWSXW FXUUHQW PD\ EH XVHG WR DVVXPH PRWRU VOLS WR NHHS WKH PRWRU VSHHG FRQVWDQWï

6\QFKURQRXV VSHHG DW EDVH IUHTXHQF\ ð UDWHG VSHHG
5DWHG VOLS  

6\QFKURQRXV VSHHG DW EDVH IUHTXHQF\
uìíí >ø@

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ )XQFWLRQ

í WR èíø 8VHG WR VHW WKH UDWHG PRWRU VOLSï
ëéè 5DWHG VOLS

ääää 6OLS FRPSHQVDWLRQ LV QRW PDGHï

ëéç
6OLS FRPSHQVDWLRQ WLPH
FRQVWDQW

íïíì WR ìí V 8VHG WR VHW WKH VOLS FRPSHQVDWLRQ UHVSRQVH WLPHï õ1RWHô

í
6OLS FRPSHQVDWLRQ LV QRW PDGH LQ WKH FRQVWDQW RXWSXW UDQJH õIUHTXHQF\ UDQJH
DERYH WKH IUHTXHQF\ VHW LQ 3Uï êôïëéæ

&RQVWDQWðRXWSXW UHJLRQ
VOLS FRPSHQVDWLRQ
VHOHFWLRQ ääää 6OLS FRPSHQVDWLRQ LV PDGH LQ WKH FRQVWDQW RXWSXW UDQJHï

1RWHã :KHQ WKLV YDOXH LV PDGH VPDOOHUñ UHVSRQVH ZLOO EH IDVWHUï +RZHYHUñ DV ORDG LQHUWLD LV JUHDWHUñ D
UHJHQHUDWLYH RYHUYROWDJH õ297ô HUURU LV PRUH OLDEOH WR RFFXUï

ìïçïëä èðSRLQW IOH[LEOH 9î) FKDUDFWHULVWLF > 3Uï æìñìíí WR ìíä@ $èíí

:KHQ 9î) FRQWURO KDV EHHQ VHOHFWHG LQ 3Uï åí RU

3Uï åìñ VHW ûëû LQ 3Uï æì DQG GHILQH ILYH SRLQWV DV

VKRZQ RQ WKH ULJKW WR SHUIRUP RSHUDWLRQ LQ WKH 9î)

SDWWHUQ FRQQHFWHG E\ VWUDLJKW OLQHV LQ VHTXHQFHï

7KH ILYH SRLQWV FDQ EH VHW DV GHVLUHG ZLWKLQ WKH

UDQJH RI WKH EDVH IUHTXHQF\ñ 3Uï êñ DQG EDVH

YROWDJHñ 3Uï ìäï

1RWH WKDW LI \RX DWWHPSW WR VHW WKH VDPH IUHTXHQF\ LQ

DQ\ WZR RI WKH ILYH SRLQWVñ DQ RXWVLGHðRIðUDQJH HUURU

RFFXUVï

$SSOLFDWLRQV

2Q PDFKLQHV ZKHUH D VWDWLF IULFWLRQ FRHIILFLHQW LV

ODUJH DQG D G\QDPLF IULFWLRQ FRHIILFLHQW LV VPDOOñ IRU

H[DPSOHñ D ODUJH WRUTXH LV UHTXLUHG DW VWDUWðXS RQO\ñ

WKHUHIRUH VHW D 9î) SDWWHUQ ZKLFK ZLOO LQFUHDVH WKH

YROWDJH RQO\ LQ WKH ORZ VSHHG UDQJH ï

0

9î)è

9î)é

9î)ê

9î)ë
9î)ì

9ROWDJH

)UHTXHQF\

7RUTXH ERRVW
õ 3Uï íô

%DVH YROWDJH
õ 3Uï ìäô

%DVH IUHTXHQF\ õ 3Uï êô

1RWH ìã :KHQ YDOXHV RWKHU WKDQ ääää KDYH EHHQ
VHW LQ ERWK 3Uï åí DQG 3Uï åìñ WKH VHWWLQJ RI
WKH èðSRLQW IOH[LEOH 9î) FKDUDFWHULVWLF LV
LJQRUHG DQG RSHUDWLRQ LV SHUIRUPHG XQGHU
DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWUROï

ëã 7KH VHWWLQJ RI LQDSSURSULDWH 9î) YDOXHV ZLOO
FDXVH H[FHVVLYH FXUUHQWñ DEQRUPDO
PDFKLQH FROOLVLRQ RU YLEUDWLRQ GXULQJ
DFFHOHUDWLRQ DQG GHFHOHUDWLRQï 7KHUHIRUHñ
VHW WKH 9î) YDOXHV ZLWK H[WUHPH FDUHï

)XQFWLRQV 5HODWHG WR WKH èð3RLQW )OH[LEOH 9î) &KDUDFWHULVWLF

3Uï æì 6HWWLQJ  ë
3DUDPHWHU
1XPEHU 1DPH

6HWWLQJ
5DQJH

6HW 9DOXH 'HVFULSWLRQ )DFWRU\ 6HWWLQJ

ääää 9î)ì LV QRW VHWï {
ìíí 9î)ì õILUVW IUHTXHQF\ô

ääääñ
í WR éíí+] í WR éíí 6HW 9î)ì IUHTXHQF\ï �

ìíì 9î)ì õILUVW IUHTXHQF\ YROWDJHô í WR ìííí9 í WR ìííí 6HW 9î)ì YROWDJHï í
ääää 9î)ë LV QRW VHWï {

ìíë 9î)ë õVHFRQG IUHTXHQF\ô
ääääñ

í WR éíí+] í WR éíí 6HW 9î)ë IUHTXHQF\ï �
ìíê 9î)ë õVHFRQG IUHTXHQF\ YROWDJHô í WR ìííí9 í WR ìííí 6HW 9î)ë YROWDJHï í

ääää 9î)ê LV QRW VHWï {
ìíé 9î)ê õWKLUG IUHTXHQF\ô

ääääñ
í WR éíí+] í WR éíí 6HW 9î)ê IUHTXHQF\ï �

ìíè 9î)ê õWKLUG IUHTXHQF\ YROWDJHô í WR ìííí9 í WR ìííí 6HW 9î)ê YROWDJHï í
ääää 9î)é LV QRW VHWï {

ìíç 9î)é õIRXUWK IUHTXHQF\ô
ääääñ

í WR éíí+] í WR éíí 6HW 9î)é IUHTXHQF\ï �
ìíæ 9î)é õIRXUWK IUHTXHQF\ YROWDJHô í WR ìííí9 í WR ìííí 6HW 9î)é YROWDJHï í

ääää 9î)è LV QRW VHWï {
ìíå 9î)è õILIWK IUHTXHQF\ô

ääääñ
í WR éíí+] í WR éíí 6HW 9î)è IUHTXHQF\ï �

ìíä 9î)è õILIWK IUHTXHQF\ YROWDJHô í WR ìííí9 í WR ìííí 6HW 9î)è YROWDJHï í
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ìïçïêí &RPSXWHU OLQN RSHUDWLRQ > 3Uï ììæ WR ìëé@ &20021

&RPPXQLFDWLRQ RSHUDWLRQ FDQ EH SHUIRUPHG E\

56ðéåè IURP WKH 38 FRQQHFWRU RI WKH LQYHUWHUï

7R PDNH FRPPXQLFDWLRQ EHWZHHQ WKH SHUVRQDO

FRPSXWHU DQG LQYHUWHUñ LQLWLDO VHWWLQJ RI WKH

FRPPXQLFDWLRQ VSHFLILFDWLRQV PXVW EH PDGH WR WKH

LQYHUWHUï ,I WKH LQLWLDO VHWWLQJ LV QRW PDGH RU WKHUH LV

DQ\ VHWWLQJ IDXOWñ GDWD FRPPXQLFDWLRQ FDQQRW EH

PDGHï

1RWHã $IWHU PDNLQJ WKH LQLWLDO VHWWLQJ RI WKH

SDUDPHWHUVñ DOZD\V UHVHW WKH LQYHUWHUï

&RPPXQLFDWLRQ LV GLVDEOHG XQOHVV WKH LQYHUWHU

LV UHVHW DIWHU FKDQJLQJ WKH FRPPXQLFDWLRQð

UHODWHG SDUDPHWHUVï

&RPPXQLFDWLRQ VSHFLILFDWLRQV

&RQIRUPLQJ VWDQGDUG 56ðéåè

1XPEHU RI LQYHUWHUV
FRQQHFWHG

ìã1 õPD[ï êë LQYHUWHUVô

&RPPXQLFDWLRQ VSHHG
6HOHFWHG EHWZHHQ ìäëííñ äçíí
DQG éåííESV

&RQWURO SURWRFRO $V\QFKURQRXV

&RPPXQLFDWLRQ PHWKRG +DOIðGXSOH[

&KDUDFWHU V\VWHP $6&,, õæ ELWVîå ELWVô VHOHFWDEOH

6WRS ELW OHQJWK
6HOHFWDEOH EHWZHHQ ì ELW DQG ë
ELWVï

7HUPLQDWRU
&5î/)
õSUHVHQFHîDEVHQFH VHOHFWDEOHô

3DULW\ FKHFN
6HOHFWHG EHWZHHQ SUHVHQFH
õHYHQîRGGô RU DEVHQFH

&KHFN
V\VWHP

6XPFKHFN 3UHVHQW&
RP

P
XQ
LF
DW
LR
Q

VS
HF
LIL
FD
WLR
QV

:DLWLQJ WLPH VHWWLQJ
6HOHFWDEOH EHWZHHQ SUHVHQFH RU
DEVHQFH

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

ììæ 6WDWLRQ QXPEHU í WR êì

6WDWLRQ QXPEHU VSHFLILHG IRU FRPPXQLFDWLRQ IURP WKH 38 FRQQHFWRUï

6HW WKH LQYHUWHU VWDWLRQ QXPEHUV ZKHQ WZR RU PRUH LQYHUWHUV DUH

FRQQHFWHG WR RQH SHUVRQDO FRPSXWHUï

í

éå éåíí EDXG �

äç äçíí EDXG �ììå
&RPPXQLFDWLRQ

VSHHG
ìäë ìäëíí EDXG {

í 6WRS ELW OHQJWK ì ELW �
å ELWV

ì 6WRS ELW OHQJWK ë ELWV {

ìí 6WRS ELW OHQJWK ì ELW �
ììä

6WRS ELW OHQJWKî

GDWD OHQJWK
æ ELWV

ìì 6WRS ELW OHQJWK ë ELWV �

í $EVHQW �

ì 2GG SDULW\ SUHVHQW �ìëí

3DULW\ FKHFN

SUHVHQFHî

DEVHQFH ë (YHQ SDULW\ SUHVHQW {

í WR ìí

6HW WKH SHUPLVVLEOH QXPEHU RI UHWULHV DW RFFXUUHQFH RI GDWD UHFHLYH HUURUï ,I

WKH QXPEHU RI FRQVHFXWLYH HUURUV H[FHHGV WKH SHUPLVVLEOH YDOXHñ WKH

LQYHUWHU ZLOO FRPH WR DQ DODUP VWRSï

ì

ìëì

1XPEHU RI

FRPPXQLFDWLRQ

UHWULHV ääää

õçèèêèô

,I D FRPPXQLFDWLRQ HUURU RFFXUVñ WKH LQYHUWHU ZLOO QRW FRPH WR DQ DODUP

VWRSï $W WKLV WLPHñ WKH LQYHUWHU FDQ EH FRDVWHG WR D VWRS E\ 056 RU 5(6(7

LQSXWï

'XULQJ DQ HUURUñ WKH OLJKW IDXOW VLJQDO õ/)ô LV JLYHQ WR WKH RSHQ FROOHFWRU

RXWSXWï $OORFDWH WKH XVHG WHUPLQDO ZLWK DQ\ RI 3Uï ìäí WR 3Uï ìäè õRXWSXW

WHUPLQDO IXQFWLRQ VHOHFWLRQôï

1RWHã 3Uï ìäí WR 3Uï ìäë IRU (èíí ï

�

í 1R FRPPXQLFDWLRQ {

íïì WR äääïå

6HW WKH FRPPXQLFDWLRQ FKHFN WLPH >VHFRQGV@ LQWHUYDOï

,I D QRðFRPPXQLFDWLRQ VWDWH SHUVLVWV IRU ORQJHU WKDQ WKH SHUPLVVLEOH WLPHñ

WKH LQYHUWHU ZLOO FRPH WR DQ DODUP VWRSï

�ìëë

&RPPXQLFDWLRQ

FKHFN WLPH

LQWHUYDO

ääää 6WRS WKH FRPPXQLFDWLRQ FKHFNï �

í WR ìèíPV
6HW WKH ZDLWLQJ WLPH EHWZHHQ GDWD WUDQVPLVVLRQ WR WKH LQYHUWHU DQG

UHVSRQVHï
�

ìëê
:DLWLQJ WLPH

VHWWLQJ
ääää 6HW ZLWK FRPPXQLFDWLRQ GDWDï {

í :LWKRXW &5î/) �

ì :LWK &5 {ìëé

&5ñ /) SUHVHQFHî

DEVHQFH

VHOHFWLRQ ë :LWK &5î/) �
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Computer programming
(1)Communication protocol

Data communication between the computer and inverter is
performed using the following procedure:

Computer

Inverter

↓ (Data flow)

Data read

Data write

Time

Computer

↓ (Data flow)

Inverter

1) 5)

3)2)

*2

*1

4)

*1.If a data error is detected and a retry
must be made, execute retry operation
from the user program. The inverter
comes to an alarm stop if the number of
consecutive retries exceeds the
parameter setting.

*2.On receipt of a data error occurrence, the
inverter returns “retry data 3” to the
computer again. The inverter comes to
an alarm stop if the number of
consecutive data errors reaches or
exceeds the parameter setting.

(2)Communication operation presence/absence and data format types
Communication operation presence/absence and data format types are as follows:

No. Operation
Run

Command
Running

Frequency
Parameter

Write
Inverter
Reset

Monitoring
Parameter

Read

1)
Communication request is sent to the inverter in
accordance with the user program.

A' A A A B B

2) Inverter data processing time Present Present Present Absent Present Present
No error
Request
accepted

C C C Absent
E
E'

E

3)
Reply data from the inverter
(Data 1 is checked for error) With error

Request
rejected

D D D Absent F F

4) Computer processing delay time Absent Absent Absent Absent G G
No error
No processing

Absent Absent Absent Absent G G

5)
Answer from computer in response
to reply data 3
(Data 3 is checked for error)

With error
data
3 is output

Absent Absent Absent Absent H H

(3)Data format
Hexadecimal data is used.
Data is automatically transferred in ASCII between the computer and inverter.
 Data format types
1) Communication request data from computer to inverter

*3
ENQ *4

1 2 3 4 5 6 7 8 9 10 11 12 13

*3
ENQ

*4

1 2 3 4 5 6 7 8 9 10 11

*3
ENQ

*4

1 2 3 4 5 6 7 8 9

[Data format]

Format A

[Data read]

Format A'

Format B

Inverter
station
number

Instruction
code

*5
Waiting

time

Data

Sum
check

Inverter
station
number

Inverter
station
number

Instruction
code

Instruction
code

*5
Waiting

time

*5
Waiting

time

Data

Sum
check

Sum
check

←Number of characters

←Number of characters

←Number of characters

Note: 1. The inverter station numbers may be set
between H00 and H1F (stations 0 and 31)
in hexadecimal.

2. *3 indicates the control code.
3. *4 indicates the CR or LF code.

When data is transmitted from the
computer to the inverter, codes CR
(carriage return) and LF (line feed) are
automatically set at the end of a data group
on some computers. In this case, setting

must also be made from the inverter
according to the computer.
Also, the presence and absence of the CR
and LF codes can be selected using
Pr. 124.

4. *5 When Pr. 123 "waiting time setting" ≠
9999, Create the communication request
data with no "waiting time" in the data
format.
(The number of characters decreases by 1.)
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2) Reply data from inverter to computer during data write

*3
ACK

*4

1 2 3 4

*3
NAK

1 2 3 4

*4

5

[No data error detected] [Data error detected]

Format C Format D
Inverter
station
number

Inverter
station
number

Error
code

←Number of characters←Number of characters

3) Reply data from inverter to computer during data read

1 2 3 4 5

1 2 3 4 5 6 7 8 9 10 11

[No data error detected]

1 2 3 4 5 6 7 8 9

*3
STX

Format E

Inverter
station
number

Read
data

Sum
check

←Number of characters

Format E'

*3
ETX

*4Read data

Inverter
station
number

Sum
check

*4
*3

ETX
*3

STX

[Data error detected]

Format F

*3
NAK

Error
code *4

Inverter
station
number

4) Reply data from computer to inverter during data read

1 2 3 4 1 2 3 4

[No data error detected]

*3
ACK

Format G
Inverter
station
number

←Number of characters

Format H*4
*3

NAK

[Data error detected]

*4
Inverter
station
number

←Number of characters

(4)Data definitions
1) Control codes

Signal ASCII Code Description

STX H02 Start of Text (Start of data)

ETX H03 End of Text (End of data)

ENQ H05 Enquiry (Communication request)

ACK H06 Acknowledge (No data error detected)

LF H0A Line Feed

CR H0D Carriage Return

NAK H15
Negative Acknowledge

 (Data error detected)

2) Inverter station number
Specify the station number of the inverter
which communicates with the computer.

3) Instruction code
Specify the processing request (e.g. operation,
monitoring) given by the computer to the
inverter. Hence, the inverter can be run and
monitored in various ways by specifying the
instruction code as appropriate.

4) Data
Indicates the data such as frequency and
parameters transferred to and from the inverter.
The definitions and ranges of set data are
determined in accordance with the instruction
codes.

5) Waiting time
Specify the waiting time between the receipt of
data at the inverter form the computer and the
transmission of reply data. Set the waiting time
in accordance with the response time of the
computer between 0 and 150ms in 10ms
increments (e.g. 1 = 10ms, 2 = 20ms).

Computer

↓
Inverter

Inverter

↓
Computer

Inverter data processing time
= waiting time             + data check time
  (set value × 10ms)      (12ms)
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çô 6XP FKHFN FRGH

7KH VXP FKHFN FRGH LV ëðGLJLW $6&,,

õKH[DGHFLPDOô UHSUHVHQWLQJ WKH ORZHU ì E\WH

õå ELWVô RI WKH VXP õELQDU\ô GHULYHG IURP WKH

FKHFNHG $6&,, GDWDï

ìí ì ( ì í æ $ ' ) é

+íè +êí +êì +êì+éè +êì +êí +êæ +éì +éé +éç +êé

í ì ì æ í ê í

+íë +êí +êì +êæ+êì +êæ +êí +íê +êê +êí

æ

õ([DPSOHìô

&RPSXWHUo,QYHUWHU

$6&,, FRGHo

6WDWLRQ
QXPEHU

,QVWUXFWLRQ
FRGH

:
D
LWL
QJ

WLP
H

'DWD 6XP FKHFN
FRGH

m%LQDU\ FRGH

õ([DPSOHëô

,QYHUWHUo&RPSXWHU

$6&,, FRGHo

6XP

m%LQDU\ FRGH

6XP FKHFN
FRGH

67; 6WDWLRQ
QXPEHU

5HDG GDWD 67;

p

êí ò êì ò éè ò êì ò êì ò êí ò êæ ò éì ò éé  ì)é
++ + + + + + + +

p

êí ò êì ò êì ò êæ ò êæ ò êí  ìêí
++ + + + +

(14

+

6XP

+

æô (UURU FRGH

,I DQ\ HUURU LV IRXQG LQ WKH GDWD UHFHLYHG E\ WKH

LQYHUWHUñ LWV GHILQLWLRQ LV VHQW EDFN WR WKH FRPSXWHU

WRJHWKHU ZLWK WKH 1$. FRGHï

1RWHã ìï :KHQ WKH GDWD IURP WKH FRPSXWHU KDV DQ

HUURUñ WKH LQYHUWHU ZLOO QRW DFFHSW WKDW GDWDï

ëï $Q\ GDWD FRPPXQLFDWLRQñ HïJï UXQ

FRPPDQGñ PRQLWRULQJñ LV VWDUWHG ZKHQ WKH

FRPSXWHU JLYHV D FRPPXQLFDWLRQ UHTXHVWï

:LWKRXW WKH FRPSXWHUöV FRPPDQGñ WKH

LQYHUWHU GRHV QRW UHWXUQ DQ\ GDWDï )RU

PRQLWRULQJñ WKHUHIRUHñ GHVLJQ WKH SURJUDP

WR FDXVH WKH FRPSXWHU WR SURYLGH D GDWD

UHDG UHTXHVW DV UHTXLUHGï

êï 'DWD IRU OLQN SDUDPHWHU H[SDQVLRQ VHWWLQJ

GLIIHUV DV LQGLFDWHG EHORZ EHWZHHQ DFFHVV

WR 3Uï í WR 3Uï ää YDOXHV DQG DFFHVV WR

3Uï ìíí WR 3Uï äíèã

,QVWUXFWLRQ

&RGH
'DWD

5HDG +æ) +ííã 3Uï í WR 3Uï ää YDOXHV DUH DFFHVVLEOHï

/LQN SDUDPHWHU H[SDQVLRQ

VHWWLQJ :ULWH +))

+ííã 3Uï í WR 3Uï ää YDOXHV DUH DFFHVVLEOHï

+íìã 3Uï ìíí WR 3Uï èäñ 3Uï ëíí WR 3 3Uï ëêì DQG 3Uï íäí WR

3Uï äíè YDOXHV DUH DFFHVVLEOHï

+íëã 3Uï ìçí WR 3Uï ìää DQG 3Uï ëêë WR 3Uï ëåè YDOXHV DUH

DFFHVVLEOHï

+íêã 3Uï êíí WR 3Uï êää YDOXHV DUH DFFHVVLEOHï

+íäã 3Uï ääí YDOXH LV DFFHVVLEOHï
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ìêä

õèô ,QVWUXFWLRQV IRU WKH SURJUDP

ìô :KHQ WKHUH LV DQ HUURU LQ GDWD IURP WKH FRPSXWHUñ WKH LQYHUWHU GRHV QRW DFFHSW WKDW GDWDï 7KHUHIRUHñ

DOZD\V LQVHUW D GDWD HUURU UHWU\ SURJUDP LQ WKH XVHU SURJUDPï

ëô 6LQFH DQ\ GDWD FRPPXQLFDWLRQñ VXFK DV RSHUDWLRQ FRPPDQG RU PRQLWRULQJñ LV DOZD\V UHTXHVWHG E\ WKH

FRPSXWHUñ WKH LQYHUWHU ZLOO QRW UHWXUQ GDWD ZLWKRXW WKH FRPSXWHUöV UHTXHVWï +HQFHñ GHVLJQ WKH SURJUDP

VR WKDW WKH FRPSXWHU JLYHV D GDWD UHDG UHTXHVW IRU PRQLWRULQJñ HWFï DV UHTXLUHGï

êô 3URJUDP H[DPSOH

:KHQ WKH RSHUDWLRQ PRGH LV VZLWFKHG WR FRPSXWHU OLQN RSHUDWLRQ

,QLWLDO VHWWLQJ RI ,î2 ILOH

ã &RPPXQLFDWLRQ ILOH RSHQLQJ

ã &LUFXLW FRQWURO VLJQDO õ56ñ (5ô 21î2)) VHWWLQJ

ã ,QWHUUXSW GHILQLWLRQ DW GDWD UHFHLYH
ã ,QWHUUXSW HQDEOH

7UDQVPLVVLRQ GDWD VHWWLQJ

ã $GGLWLRQ RI FRQWURO DQG VXP FRGHV

'DWD WUDQVPLVVLRQ

,QWHUUXSW GDWD UHFHLYH

ã ,QWHUUXSW RFFXUUHQFH DW GDWD UHFHLYH

5HFHLYH GDWD SURFHVVLQJ

{'DWD LPSRUW

{6FUHHQ GLVSOD\

*HQHUDO IORZFKDUW

/LQH QXPEHU
ìí

éí

èí

ìéí

,QSXW ILOH

LQLWLDO VHWWLQJ

7UDQVPLVVLRQ GDWD

SURFHVVLQJ

{'DWD VHWWLQJ

{6XP FRGH FDOFXODWLRQ

{'DWD WUDQVPLVVLRQ

,QWHUUXSW

ìííí

ìíéí

6XP FRGH FDOFXODWLRQ

ìí 23(1 û&20ìã äçííñ (ñ åñ ëñ +'û $6úì

ëí &2067ìñ ìñ ìã &2067ìñ ëñ ì

êí 21 &20 õìô *268%ó5(&

éí &20 õìô 21

èí 'ù ûíì)%ìíííëû

çí 6 í

æí )25 , ì 72 /(1 õ'ùô

åí $ù 0,'ù õ'ùñ ,ñ ìô

äí $ $6& õ$ùô

ìíí 6 6ò$

ììí 1(;7,

ìëí 'ù &+5ù õ÷+èô ò'ùò5,*+7ù õ+(;ù õ6ô ñ ëô

ìêí 35,17úìñ 'ù

ìéí *272 èí

ìííí ó5(&
ìíìí ,) /2& õìô í 7+(1 5(7851

ìíëí 35,17 û5(&(,9( '$7$û

ìíêí 35,17 ,1387ù õ/2& õìô ñ úìô
ìíéí 5(7851
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ìéí

õçô6HWWLQJ LWHPV DQG VHW GDWD

$IWHU FRPSOHWLRQ RI SDUDPHWHU VHWWLQJñ VHW WKH LQVWUXFWLRQ FRGHV DQG GDWD DQG VWDUW FRPPXQLFDWLRQ IURP

WKH FRPSXWHU WR DOORZ YDULRXV W\SHV RI RSHUDWLRQ FRQWURO DQG PRQLWRULQJï

1Rï ,WHP
,QVWUXFWLRQ

&RGH
'HVFULSWLRQ

1XPEHU RI

'DWD 'LJLWV

5HDG +æ%

+ííííã &RPPXQLFDWLRQ RSWLRQ RSHUDWLRQ õQRW SURYLGHG IRU (èíí ô

+íííìã ([WHUQDO RSHUDWLRQ

+íííëã &RPPXQLFDWLRQ RSHUDWLRQ õ38 FRQQHFWRUô
ì

2SHUDWLRQ

PRGH

:ULWH +)%

+ííííã &RPPXQLFDWLRQ RSWLRQ RSHUDWLRQ õQRW SURYLGHG IRU (èíí ô

+íííìã ([WHUQDO RSHUDWLRQ

+íííëã &RPPXQLFDWLRQ RSHUDWLRQ õ38 FRQQHFWRUô

é GLJLWV

2XWSXW IUHTXHQF\

>VSHHG@
+ç)

+íííí WR +))))ã 2XWSXW IUHTXHQF\ õKH[DGHFLPDOô LQ íïíì+]

LQFUHPHQWV

>6SHHG õKH[DGHFLPDOô LQ ìUîPLQ LQFUHPHQWV LI 3Uï êæ  ì WR äääå RU

3Uï ìéé  ë WR ìíñ ìíë WR ììíï@

é GLJLWV

2XWSXW FXUUHQW +æí +íííí WR +))))ã 2XWSXW FXUUHQW õKH[DGHFLPDOô LQ íïì$ LQFUHPHQWV é GLJLWV

2XWSXW YROWDJH +æì +íííí WR +))))ã 2XWSXW YROWDJH õKH[DGHFLPDOô LQ íïì9 LQFUHPHQWV é GLJLWV

6SHFLDO PRQLWRU +æë +íííí WR +))))ã 0RQLWRUHG GDWD VHOHFWHG E\ LQVWUXFWLRQ FRGH +)ê é GLJLWV

+íì WR +í( 0RQLWRU VHOHFWLRQ GDWD

'DWD 'HVFULSWLRQ ,QFUHPHQWV 'DWD 'HVFULSWLRQ ,QFUHPHQWV

+íì
2XWSXW

IUHTXHQF\
íïíì+] +íä 5HJHQHUDWLYH EUDNH íïìø5HDG +æê

+íë 2XWSXW FXUUHQW íïíì$ +í$
(OHFWURQLF RYHUFXUUHQW

SURWHFWLRQ ORDG IDFWRU
íïìø

+íê 2XWSXW YROWDJH íïì9 +í%
2XWSXW FXUUHQW SHDN

YDOXH
íïíì$

+íè
)UHTXHQF\

VHWWLQJ
íïíì+] +í&

&RQYHUWHU RXWSXW

YROWDJH SHDN YDOXH
íïì9

+íç 5XQQLQJ VSHHG ìUîPLQ +í' ,QSXW SRZHU íïíìN:

+íæ 0RWRU WRUTXH íïìø +í( 2XWSXW SRZHU íïíìN:

6SHFLDO PRQLWRU

VHOHFWLRQ 1Rï

:ULWH +)ê

ë GLJLWV

+íííí WR +))))ã 7ZR PRVW UHFHQW DODUP GHILQLWLRQV

$ODUP GHILQLWLRQ GLVSOD\ H[DPSOH õLQVWUXFWLRQ FRGH  +æéô

5HDG GDWDã >([DPSOH@+êí$í

õ3UHYLRXV DODUP 7+7ô

õ0RVW UHFHQW DODUP 237ô

í

Eìè Eå Eí

í ì ì í í í í ì í ì í í í í í

Eæ

0RVW UHFHQW DODUP
õ+$íô

3UHYLRXV DODUP
õ+êíô

$ODUP GDWD

'DWD 'HVFULSWLRQ 'DWD 'HVFULSWLRQ 'DWD 'HVFULSWLRQ

+íí 1R DODUP +èì 897 +%ì 38(

+ìí í&ì +çí 2/7 +%ë 5(7

+ìì í&ë +æí %( +&ì &7(

+ìë í&ê +åí *) +&ë 3ëé

+ëí í9ì +åì /) +'è 0%ì

+ëì í9ë +äí 2+7 +'ç 0%ë

+ëë í9ê +$í 237 +'æ 0%ê

+êí 7+7 +$ì 23ì +'å 0%é

+êì 7+0 +$ë 23ë +'ä 0%è

+éí ),1 +$ê 23ê +'$ 0%ç

+èí ,3) +%í 3( +'% 0%æ

ë

0
RQ
LWR
UL
QJ

$ODUP GHILQLWLRQ +æé WR +ææ é GLJLWV
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ìéì

1Rï ,WHP
,QVWUXFWLRQ

&RGH
'HVFULSWLRQ

1XPEHU RI

'DWD 'LJLWV

ê 5XQ FRPPDQG +)$

+íí WR +))ã 5XQ &RPPDQG

Eíã
Eìã )RUZDUG URWDWLRQ õ67)ô
Eëã 5HYHUVH URWDWLRQ õ675ô
Eêã
Eéã
Eèã
Eçã
Eæã

í

Eæ Eí

>([DPSOH ì@ +íë
ïïï )RUZDUG URWDWLRQ
>([DPSOH ë@ +íí
ïïï 6WRS

õ)RU H[DPSOH ìô

í í í í í ì í

ë GLJLWV

é
,QYHUWHU VWDWXV

PRQLWRU
+æ$

+íí WR +))ã ,QYHUWHU VWDWXV PRQLWRU

Eíã ,QYHUWHU UXQQLQJ õ581ô ó
Eìã )RUZDUG URWDWLRQ õ67)ô
Eëã 5HYHUVH URWDWLRQ õ675ô
Eêã 8S WR IUHTXHQF\ õ68ô ó
Eéã 2YHUORDG õ2/ô ó
Eèã ,QVWDQWDQHRXV SRZHU

IDLOXUH õ,3)ô ó
Eçã )UHTXHQF\ GHWHFWLRQ õ)8ô ó
Eæã $ODUP RFFXUUHQFH ó

í

Eæ

>([DPSOH ì@ +íë
ïïï 'XULQJ IRUZDUG URWDWLRQ
>([DPSOH ë@ +åí
ïïï 6WRS GXH WR DODUP

õ)RU H[DPSOH ìô

í í í í í ì í

Eí

ó7KH RXWSXW GDWD GHSHQGV RQ WKH 3Uï ìäí WR 3Uï ìäè VHWWLQJVï

ë GLJLWV

è

5XQQLQJ IUHTXHQF\

ZULWH

õ(ë520ô

+((

+íííí WR +ä&éíã íïíì+] LQFUHPHQWV õKH[DGHFLPDOô

7R FKDQJH WKH UXQQLQJ IUHTXHQF\ FRQVHFXWLYHO\ñ ZULWH GDWD WR WKH LQYHUWHU

5$0ï õ,QVWUXFWLRQ FRGHã +('ô

é GLJLWV

ç ,QYHUWHU UHVHW +)'

+äçäçã 5HVHWV WKH LQYHUWHUï

$V WKH LQYHUWHU LV UHVHW RQ VWDUW RI FRPPXQLFDWLRQ E\ WKH FRPSXWHUñ WKH

LQYHUWHU FDQQRW VHQG UHSO\ GDWD EDFN WR WKH FRPSXWHUï

é GLJLWV

$OO SDUDPHWHUV UHWXUQ WR WKH IDFWRU\ VHWWLQJVï

$Q\ RI IRXU GLIIHUHQW FOHDU RSHUDWLRQV LV SHUIRUPHG DFFRUGLQJ WR WKH GDWDï

3Uï

'DWD

&RPPXQLFDWLRQ 3Uï &DOLEUDWLRQ 2WKHU 3Uï

+(&

+)ê

+))

+äçäç { u { {

+ääçç { { { {

+è$è$ u u { {

+èè$$ u { { {

æ $OO FOHDU +)&

:KHQ DOO SDUDPHWHU FOHDU LV H[HFXWHG IRU +äçäç RU +ääççñ FRPPXQLFDWLRQð

UHODWHG SDUDPHWHU VHWWLQJV DOVR UHWXUQ WR WKH IDFWRU\ VHWWLQJVï :KHQ

UHVXPLQJ RSHUDWLRQñ VHW WKH SDUDPHWHUV DJDLQï

é GLJLWV

+äççäã 8VHU FOHDU LV PDGHï

&RPPXQLFDWLRQ 3Uï &DOLEUDWLRQ 2WKHU 3Uï

+(&

+)ê

+))

{ u { {

å 8VHU FOHDU +)& é GLJLWV

ä 3DUDPHWHU ZULWH +åí WR +(ê é GLJLWV

ìí 3DUDPHWHU UHDG +íí WR +çê

5HIHU WR WKH GDWD OLVW õ$SSHQGL[ ìô DQG ZULWH DQGîRU UHDG SDUDPHWHU YDOXHV

DV UHTXLUHGï

1RWH WKDW VRPH SDUDPHWHUV PD\ QRW EH DFFHVVLEOHï

5HDG +æ)

ìì

/LQN

SDUDPHWHU

H[SDQVLRQ

VHWWLQJ
:ULWH +))

+íí WR +ç& DQG +åí WR +(& SDUDPHWHU YDOXHV DUH FKDQJHGï

+ííã 3Uï í WR 3Uï ää YDOXHV DUH DFFHVVLEOHï

+íìã 3Uï ìíí WR 3Uï ìèä ñ 3Uï ëíí WR 3Uï ëêì DQG 3Uï äíí WR 3Uï äíè

YDOXHV DUH DFFHVVLEOHï

+íëã 3Uï ìçí WR 3Uï ìää DQG 3Uï ëêë WR 3Uï ëåè YDOXHV DUH DFFHVVLEOHï

+íêã 3Uï êíí WR 3Uï êää YDOXHV DUH DFFHVVLEOHï

+íäã 3Uï ääí YDOXH LV DFFHVVLEOHï

ë GLJLWV



SPECIFICATIONS

142

No. Item
Instruction

Code
Description

Number of

Data Digits

When setting the programmed operation (data code H3D to H5A, HBD to

HAD) parameters

Read H6C H00: Running frequency

H01: Time

H02: Rotation direction

6 3 3 8

Time (Min.) Min. (s)

12

Second

parameter

changing

(Code

FF = 1)
Write HEC

When setting the bias and gain (data code H5E to H6A, HDE to HED)

parameters.

H00: Offset/gain

H01: Analog

H02: Analog value of terminal

2 digits

(7)Error code List
The corresponding error code in the following list is displayed if an error is detected in any communication
request data form the computer.

Error

Code
Item Definition Inverter Operation

H0 Computer NAK error

The number of errors consecutively detected in communication

request data from the computer is greater than allowed number

of retry times.

H1 Parity error The parity check result does not match the specified parity.

H2 Sum check error
The sum check code in the computer does not match that of the

data received by the inverter.

H3 Protocol error

Data received by the inverter is in the wrong protocol, data

receive is not completed within the given time, or CR and LF are

not as set in the parameter.

H4 Framing error The stop bit length is not as specified.

H5 Overrun error
New data has been sent by the computer before the inverter

completes receiving the preceding data.

Brought to an alarm stop

(E.PUE) if error occurs

continuously more than the

allowable number of retry

times.

H6   

H7 Character error
The character received is invalid (other than 0 to 9, A to F,

control code).

Does not accept receive

data but is not brought to

alarm stop.

H8   
H9   

HA Mode error
Parameter write was attempted in other than the computer link

operation mode or during inverter operation.

HB
Instruction code

error
The specified command does not exist.

HC Data range error
Invalid data has been specified for parameter write, frequency

setting, etc.

Does not accept or receive

data but is not brought to

alarm stop.

HD   
HE   
HF   
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ìéê

õåô&RPPXQLFDWLRQ VSHFLILFDWLRQV IRU 56ðéåè FRPPXQLFDWLRQ

2SHUDWLRQ 0RGH

2SHUDWLRQ /RFDWLRQ ,WHP
&RPPXQLFDWLRQ

2SHUDWLRQ IURP 38
&RQQHFWRU

([WHUQDO
2SHUDWLRQ

&RPSXWHU /LQN 2SHUDWLRQ
õLQERDUG RSWLRQ XVHGô

5XQ FRPPDQG õVWDUWô (QDEOH 'LVDEOH 'LVDEOH

5XQQLQJ IUHTXHQF\ VHWWLQJ (QDEOH
(QDEOH

õ&RPELQHG
PRGHô

'LVDEOH

0RQLWRULQJ (QDEOH (QDEOH (QDEOH

3DUDPHWHU ZULWH (QDEOH õ1RWH éô 'LVDEOH õ1RWH éô 'LVDEOH õ1RWH éô

3DUDPHWHU UHDG (QDEOH (QDEOH (QDEOH

,QYHUWHU UHVHW (QDEOH (QDEOH (QDEOH

&RPSXWHU XVHU SURJUDP YLD
38 FRQQHFWRU

6WRS FRPPDQG õ1RWH êô (QDEOH (QDEOH (QDEOH

5XQ FRPPDQG 'LVDEOH 'LVDEOH (QDEOH õ1RWH ìô

5XQQLQJ IUHTXHQF\ VHWWLQJ 'LVDEOH 'LVDEOH (QDEOH õ1RWH ìô

0RQLWRULQJ (QDEOH (QDEOH (QDEOH

3DUDPHWHU ZULWH 'LVDEOH õ1RWH éô 'LVDEOH õ1RWH éô (QDEOH õ1RWH éô

3DUDPHWHU UHDG (QDEOH (QDEOH (QDEOH

,QYHUWHU UHVHW 'LVDEOH 'LVDEOH (QDEOH

&RPSXWHU XVHU SURJUDP YLD
LQERDUG RSWLRQ
õ1RWH èô

6WRS FRPPDQG õ1RWH êô (QDEOH (QDEOH (QDEOH

,QYHUWHU UHVHW (QDEOH (QDEOH (QDEOH

5XQ FRPPDQG 'LVDEOH (QDEOH (QDEOH õ1RWH ìô&RQWURO FLUFXLW WHUPLQDO

5XQQLQJ IUHTXHQF\ VHWWLQJ 'LVDEOH (QDEOH (QDEOH õ1RWH ìô

1RWHã ìï $V VHW LQ WKH RSHUDWLRQ DQG VSHHG FRPPDQG ZULWH SDUDPHWHUVï

ëï $W RFFXUUHQFH RI 56ðéåè FRPPXQLFDWLRQ IDXOWñ WKH LQYHUWHU FDQQRW EH UHVHW IURP WKH FRPSXWHUï

êï $V VHW LQ 3Uï æèï

éï $V VHW LQ 3Uï ææï

èï (èíí GRHV QRW KDYH DQ LQERDUG RSWLRQï

õäô2SHUDWLRQ DW DODUP RFFXUUHQFH

2SHUDWLRQ 0RGH

)DXOW /RFDWLRQ 'HVFULSWLRQ
&RPPXQLFDWLRQ

2SHUDWLRQ
õ38 FRQQHFWRUô

([WHUQDO 2SHUDWLRQ
&RPSXWHU OLQN 2SHUDWLRQ
õLQERDUG RSWLRQ XVHGô

,QYHUWHU RSHUDWLRQ 6WRS 6WRS 6WRS

38 FRQQHFWRU &RQWLQXHG &RQWLQXHG &RQWLQXHG
,QYHUWHU IDXOW

&RPPXQLFDWLRQ ,QERDUG RSWLRQ
õ1RWH êô

&RQWLQXHG &RQWLQXHG &RQWLQXHG

,QYHUWHU RSHUDWLRQ
6WRSîFRQWLQXHG

õ1RWH ìô
&RQWLQXHG &RQWLQXHG

38 FRQQHFWRU 6WRS 6WRS 6WRS
&RPPXQLFDWLRQ HUURU
õ&RPPXQLFDWLRQ
IURP 38 FRQQHFWRUô &RPPXQLFDWLRQ ,QERDUG RSWLRQ

õ1RWH êô
&RQWLQXHG &RQWLQXHG &RQWLQXHG

,QYHUWHU RSHUDWLRQ &RQWLQXHG &RQWLQXHG 6WRSîFRQWLQXHG õ1RWH ëô

38 FRQQHFWRU &RQWLQXHG &RQWLQXHG &RQWLQXHG
&RPPXQLFDWLRQ HUURU
õ,QERDUG RSWLRQô
õ1RWH êô

&RPPXQLFDWLRQ
,QERDUG RSWLRQ 6WRS 6WRS 6WRS

1RWHã ìï &DQ EH VHOHFWHG XVLQJ WKH FRUUHVSRQGLQJ SDUDPHWHU õIDFWRU\ðVHW WR FRQWLQXHGôï

ëï &DQ EH VHOHFWHG XVLQJ WKH FRUUHVSRQGLQJ SDUDPHWHU õIDFWRU\ðVHW WR VWRSôï

êï (èíí GRHV QRW KDYH DQ LQERDUG RSWLRQï

õìíô &RPPXQLFDWLRQ HUURU

)DXOW /RFDWLRQ (UURU 0HVVDJH

&RPPXQLFDWLRQ HUURU
õ&RPPXQLFDWLRQ IURP 38 FRQQHFWRUô

(ï38(

&RPPXQLFDWLRQ HUURU
õ,QERDUG RSWLRQô õ1RWHô

(ï23ì WR (ï23ê

1RWHã (èíí GRHV QRW KDYH DQ LQERDUG RSWLRQï
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ìéé

ìïçïêì 3,' FRQWURO > 3Uï ìëå WR ìêé@ &20021

7KH LQYHUWHU FDQ EH XVHG WR H[HUFLVH SURFHVV FRQWUROñ

HïJï IORZ UDWHñ DLU YROXPH RU SUHVVXUHï

7KH YROWDJH LQSXW VLJQDO õí WR rè9 RU í WR írìí9ô RU

3Uï ìêê VHWWLQJ LV XVHG DV D VHW SRLQW DQG WKH é WR

ëíP$ FXUUHQW LQSXW VLJQDO XVHG DV D IHHGEDFN YDOXH

WR FRQVWLWXWH D IHHGEDFN V\VWHP IRU 3,' FRQWUROï

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH
'HVFULSWLRQ

)DFWRU\

VHWWLQJ

í õ1RWH ìô 3,' DFWLRQ LV QRW GRQHï { õ (èíí ô

ìí õ1RWH ëô )RU KHDWLQJñ SUHVVXUH FRQWUROñ HWFï 3,' UHYHUVH DFWLRQ { õ $èíí ô

ìì õ1RWH ëô )RU FRROLQJñ HWFï

'HYLDWLRQ YDOXH

VLJQDO LQSXW

õWHUPLQDO ìô
3,' IRUZDUG DFWLRQ �

ëí )RU KHDWLQJñ SUHVVXUH FRQWUROñ HWFï 3,' UHYHUVH DFWLRQ �

ìëå
3,' DFWLRQ

VHOHFWLRQ

ëì )RU FRROLQJñ HWFï

3URFHVV YDOXH LQSXW

õWHUPLQDO éô 3,' IRUZDUG DFWLRQ �

íïì WR

ìíííø

,I WKH SURSRUWLRQDO EDQG LV QDUURZ õSDUDPHWHU VHWWLQJ LV VPDOOôñ WKH PDQLSXODWHG

YDULDEOH YDULHV JUHDWO\ ZLWK D VOLJKW FKDQJH RI WKH SURFHVV YDOXHï +HQFHñ DV

WKH SURSRUWLRQDO EDQG QDUURZVñ WKH UHVSRQVH VHQVLWLYLW\ õJDLQô LPSURYHV EXW

WKH VWDELOLW\ GHWHULRUDWHVñ HïJï KXQWLQJ RFFXUVï

*DLQ .S  ìîSURSRUWLRQDO EDQG

ìííø
ìëä

3,'

SURSRUWLRQDO

EDQG

ääää 1R SURSRUWLRQDO FRQWURO �

íïì WR

êçíí V

7LPH UHTXLUHG IRU WKH LQWHJUDO õ,ô DFWLRQ WR SURYLGH WKH VDPH PDQLSXODWHG

YDULDEOH DV WKDW IRU WKH SURSRUWLRQDO õ3ô DFWLRQï $V WKH LQWHJUDO WLPH GHFUHDVHVñ

WKH VHW SRLQW LV UHDFKHG HDUOLHU EXW KXQWLQJ RFFXUV PRUH HDVLO\ï

ì V
ìêí

3,' LQWHJUDO

WLPH

ääää 1R LQWHJUDO FRQWUROï �

í WR ìííø
6HW WKH XSSHU OLPLWï ,I WKH IHHGEDFN YDOXH H[FHHGV WKH VHWWLQJñ WKH )83 VLJQDO

LV RXWSXWï õ3URFHVV YDOXH RI éP$ LV HTXLYDOHQW WR íø DQG ëíP$ WR ìííøïô
�

ìêì 8SSHU OLPLW

ääää 1R IXQFWLRQ {

í WR ìííø

6HW WKH ORZHU OLPLWï õ,I WKH SURFHVV YDOXH JRHV RXW RI WKH VHWWLQJ UDQJHñ DQ

DODUP FDQ EH RXWSXWï ,Q WKLV FDVHñ WKH SURFHVV YDOXH RI éP$ LV HTXLYDOHQW WR

íø DQG ëíP$ WR ìííøïô

�
ìêë /RZHU OLPLW

ääää 1R IXQFWLRQ {

ìêê

3,' DFWLRQ

VHW SRLQW IRU

38 RSHUDWLRQ

í WR ìííø

2QO\ YDOLG IRU WKH 38 FRPPDQG LQ WKH 38 RSHUDWLRQ RU 38îH[WHUQDO FRPELQHG

PRGHï

)RU H[WHUQDO RSHUDWLRQñ WKH YROWDJH DFURVV ëðè LV WKH VHW SRLQWï

õ 3Uï äíë YDOXH LV HTXLYDOHQW WR íø DQG 3Uï äíê YDOXH WR ìííøïô

íø

íïíì WR

ìíïíí V

7LPH RQO\ UHTXLUHG IRU WKH GLIIHUHQWLDO õ'ô DFWLRQ WR SURYLGH WKH VDPH SURFHVV

YDOXH DV WKDW IRU WKH SURSRUWLRQDO õ3ô DFWLRQï $V WKH GLIIHUHQWLDO WLPH LQFUHDVHVñ

JUHDWHU UHVSRQVH LV PDGH WR D GHYLDWLRQ FKDQJHï

�
ìêé

3,'

GLIIHUHQWLDO

WLPH
ääää 1R GLIIHUHQWLDO FRQWUROï {

1RWHã ìï 1RW SURYLGHG IRU $èíí ï

ëï 1RW SURYLGHG IRU (èíí ï

õìô%DVLF 3,' FRQWURO FRQILJXUDWLRQ

ò
ð

[

\

IL
,0

\

8

.Sã 3URSRUWLRQDO FRQVWDQW 7Lã ,QWHJUDO WLPH 6ã 2SHUDWRU 7Gã 'LIIHUHQWLDO WLPH

6HW SRLQW

'HYLDWLRQ

7L � 6
ì

ì ò ò 7G � 6.S
3,'

RSHUDWLRQ

0DQLSXODWHG
YDULDEOH

,QYHUWHU
GULYH FLUFXLW

0RWRU

3URFHVV YDOXH
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ìéè

õëô3,' DFWLRQ RYHUYLHZ

ìô 3, DFWLRQ

$ FRPELQDWLRQ RI SURSRUWLRQDO FRQWURO DFWLRQ õ3ô

DQG LQWHJUDO FRQWURO DFWLRQ õ,ô IRU SURYLGLQJ D

PDQLSXODWHG YDULDEOH LQ UHVSRQVH WR GHYLDWLRQ

DQG FKDQJHV ZLWK WLPHï

>2SHUDWLRQ H[DPSOH IRU VWHSSHG FKDQJHV RI

SURFHVV YDOXH@

1RWHã 3, DFWLRQ LV WKH VXP RI 3 DQG , DFWLRQVï

7LPH õWô

7LPH õWô

7LPH õWô

3URFHVV YDOXH

3 DFWLRQ

, DFWLRQ

3, DFWLRQ

'HYLDWLRQ 6HW SRLQW

ëô 3' DFWLRQ

$ FRPELQDWLRQ RI SURSRUWLRQDO FRQWURO DFWLRQ õ3ô

DQG GLIIHUHQWLDO FRQWURO DFWLRQ õ'ô IRU SURYLGLQJ

D PDQLSXODWHG YDULDEOH LQ UHVSRQVH WR GHYLDWLRQ

VSHHG WR LPSURYH WKH WUDQVLHQW FKDUDFWHULVWLFï

>2SHUDWLRQ H[DPSOH IRU SURSRUWLRQDO FKDQJHV RI

SURFHVV YDOXH@

1RWHã 3' DFWLRQ LV WKH VXP RI 3 DQG ' DFWLRQVï

7LPH õWô

7LPH õWô

7LPH õWô

3 DFWLRQ

' DFWLRQ

3' DFWLRQ

6HW SRLQW

'HYLDWLRQ
3URFHVV
YDOXH

êô 3,' DFWLRQ

7KH 3, DFWLRQ DQG 3' DFWLRQ DUH FRPELQHG WR

XWLOL]H WKH DGYDQWDJHV RI ERWK DFWLRQV IRU

FRQWUROï

1RWHã 7KH 3,' DFWLRQ LV WKH VXP RI 3 DQG , DQG '

DFWLRQVï

éô 5HYHUVH DFWLRQ

,QFUHDVHV WKH PDQLSXODWHG YDULDEOH õRXWSXW IUHTXHQF\ô LI GHYLDWLRQ ; õVHW SRLQW ð SURFHVV YDOXHô LV

SRVLWLYHñ DQG GHFUHDVHV WKH PDQLSXODWHG YDULDEOH LI GHYLDWLRQ LV QHJDWLYHï

; ! í

; á í

ò

ð 3URFHVV YDOXH

6HW SRLQW

>+HDWLQJ@

3URFHVV YDOXH

&ROGo IL XS
+RW o IL GRZQ

'HYLDWLRQ 6HW SRLQW

èô )RUZDUG DFWLRQ

,QFUHDVHV WKH PDQLSXODWHG YDULDEOH õRXWSXW IUHTXHQF\ô LI GHYLDWLRQ ; õVHW SRLQW ð SURFHVV YDOXHô LV

QHJDWLYHñ DQG GHFUHDVHV WKH PDQLSXODWHG YDULDEOH LI GHYLDWLRQ LV SRVLWLYHï

; ! í

; á í

ò

ð

6HW SRLQW
7RR FROGo IL GRZQ
+RW o IL XS

6HW SRLQW

>&RROLQJ@

3URFHVV YDOXH

3URFHVV YDOXH

'HYLDWLRQ

5HODWLRQVKLSV EHWZHHQ GHYLDWLRQ DQG PDQLSXODWHG YDULDEOH õRXWSXW IUHTXHQF\ô

'HYLDWLRQ

3RVLWLYH 1HJDWLYH

5HYHUVH DFWLRQ Ò Ô

)RUZDUG DFWLRQ Ô Ò
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ìéç

õêô:LULQJ H[DPSOH

y6LQN ORJLF

y 3Uï ìåê  ìé

y 3Uï ìäë  ìç

y 3Uï ìäê  ìé

y 3Uï ìäé  ìè

1)%

í ëé9

$&ìI
ëííîëëí9 èíîçí+]

5 õ/ìô
6 õ/ëô
7 õ/êô

67)

675

57 õ1RWH êô

6'

ìí

ë

è

ì

é

8
9
:

õ1RWH ëô
)8
2/

6(

õ3URFHVV YDOXHô é WR ëíP$'&

,0 3

ò ò òð

õ287ô õëé9ô

,3)

õ1RWH ìô

3RZHU VXSSO\

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

3,' FRQWURO VHOHFWLRQ

6HWWLQJ SRWHQWLRPHWHU
õ6HW SRLQW VHWWLQJô

'HYLDWLRQ VLJQDO

,QYHUWHU
0RWRU 3XPS

8SSHU OLPLW

/RZHU OLPLW
)RUZDUG
URWDWLRQ RXWSXW
5HYHUVH
URWDWLRQ RXWSXW

2XWSXW VLJQDO
FRPPRQ

)RU ëðZLUH
W\SH

'HWHFWRU
)RU êðZLUH

W\SH

'& SRZHU
VXSSO\

õ&20ô

ð

1RWHã ìï 7KH SRZHU VXSSO\ PXVW EH VHOHFWHG LQ DFFRUGDQFH ZLWK WKH SRZHU VSHFLILFDWLRQV RI WKH GHWHFWRU

XVHGï

ëï 7KH RXWSXW VLJQDO WHUPLQDOV XVHG GHSHQGV RQ WKH 3Uï ìäì WR 3Uï ìäé VHWWLQJVï

êï 7KH LQSXW VLJQDO WHUPLQDOV XVHG GHSHQGV RQ WKH 3Uï ìåí WR 3Uï ìåç VHWWLQJVï

õéô ,î2 VLJQDOV DQG 3,' FRQWURO VHOHFWLRQ

6LJQDO 7HUPLQDO 8VHG )XQFWLRQ 'HVFULSWLRQ 5HPDUNV

;ìé
õ1RWHô

'HSHQGLQJ RQ

3Uï ìåí WR 3Uï ìåç

3,' FRQWURO

VHOHFWLRQ
6ZLWFK RQ ;ìé WR VHOHFW 3,' FRQWUROï

6HW DQ\ RI ûìíñ ììñ ëíû

DQG ûëìû LQ 3Uï ìëåï

ë ë 6HW SRLQW LQSXW (QWHU WKH VHW SRLQW IRU 3,' FRQWUROï

ì ì
'HYLDWLRQ VLJQDO

LQSXW
(QWHU WKH GHYLDWLRQ VLJQDO FDOFXODWHG H[WHUQDOO\ï,Q

SX
W

é é
3URFHVV YDOXH

LQSXW

(QWHU WKH é WR ëíP$ SURFHVV YDOXH VLJQDO IURP

WKH GHWHFWRUï

)83
8SSHU OLPLW

RXWSXW

2XWSXW WR LQGLFDWH WKDW WKH SURFHVV YDOXH VLJQDO

H[FHHGHG WKH XSSHU OLPLW YDOXHï

)'1
/RZHU OLPLW

RXWSXW

2XWSXW WR LQGLFDWH WKDW WKH SURFHVV YDOXH VLJQDO

H[FHHGHG WKH ORZHU OLPLW YDOXHï

õ 3Uï ìëå  ëíñ ëìô

5/

'HSHQGLQJ RQ

3Uï ìäì WR 3Uï ìäè

õ'HSHQGLQJ RQ

3Uï ìäíñ 3Uï ìäì IRU

(èíí ô

)RUZDUG

õUHYHUVHô

URWDWLRQ GLUHFWLRQ

RXWSXW

û+Lû LV RXWSXW WR LQGLFDWH WKDW WKH RXWSXW

LQGLFDWLRQ RI WKH SDUDPHWHU XQLW LV IRUZDUG

URWDWLRQ õ):'ô RU û/RZû WR LQGLFDWH WKDW LW LV

UHYHUVH URWDWLRQ õ5(9ô RU VWRS õ6723ôï

õ 3Uï ìëå  ìíñ ììñ

ëíñ ëìô 2
SH
Q
FR
OOH
FW
RU
RX
WS
XW

2
XW
SX
W

6( 6(
2XWSXW WHUPLQDO

FRPPRQ
&RPPRQ WR WHUPLQDOV )83ñ )'1 DQG 5/

1RWHã 1RW SURYLGHG IRU (èíí ï

z )RU $èíí ñ VZLWFK RQ WKH ;ìé VLJQDO WR VWDUW 3,'
FRQWUROï :KHQ WKLV VLJQDO LV RIIñ RUGLQDU\ LQYHUWHU
RSHUDWLRQ LV SHUIRUPHG ZLWKRXW WKH 3,' DFWLRQ
EHLQJ GRQHï

z 7R H[HUFLVH 3,' FRQWURO IRU (èíí ñ VHW DQ\ YDOXH
RWKHU WKDQ í LQ 3Uï ìëåï

z (QWHU WKH VHW SRLQW DFURVV LQYHUWHU WHUPLQDOV ëðè RU
LQWR 3Uï ìêê DQG HQWHU WKH SURFHVV YDOXH VLJQDO
DFURVV LQYHUWHU WHUPLQDOV éðèï

z )RU $èíí ñ ZKHQ HQWHULQJ WKH H[WHUQDOO\ FDOFXODWHG
GHYLDWLRQ VLJQDOñ HQWHU LW DFURVV WHUPLQDOV ìðèï $W
WKLV WLPHñ VHW ûìíû RU ûììû LQ 3Uï ìëåï
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ìéæ

,WHP (QWU\ 'HVFULSWLRQ

6HW í9 DV íø DQG è9 DV ìííøï
:KHQ ûìñ êñ èñ ììñ ìê RU ìèû LV VHW LQ 3Uï æê

õè9 VHOHFWHG IRU WHUPLQDO ëôï
6HW SRLQW $FURVV WHUPLQDOV ëðè

6HW í9 DV íø DQG ìí9 DV ìííøï
:KHQ ûíñ ëñ éñ ìíñ ìë RU ìéû LV VHW LQ 3Uï æê

õìí9 VHOHFWHG IRU WHUPLQDO ëôï

6HW SRLQW 3Uï ìêê 6HW WKH VHW SRLQW õøô LQ 3Uï ìêêï

6HW ðè9 DV ðìííøñ í9 DV íø DQG òè9 DV

òìííøï

:KHQ ûëñ êñ èñ ìëñ ìê RU ìèû LV VHW LQ 3Uï æê

õè9 VHOHFWHG IRU WHUPLQDO ìôï
'HYLDWLRQ

VLJQDO

õ1RWHô

$FURVV WHUPLQDOV ìðè
6HW ðìí9 DV ðìííøñ í9 DV íø DQG òìí9 DV

òìííøï

:KHQ ûíñ ìñ éñ ìíñ ìì RU ìéû LV VHW LQ 3Uï æê

õìí9 VHOHFWHG IRU WHUPLQDO ìôï

3URFHVV

YDOXH
$FURVV WHUPLQDOV éðè éP$ LV HTXLYDOHQW WR íø DQG ëíP$ WR ìííøï

1RWHã 1RW SURYLGHG IRU (èíí ï

õèô&DOLEUDWLRQ H[DPSOH

$ GHWHFWRU RI éP$ DW q& DQG ëíP$ DW q& LV XVHG

WR DGMXVW WKH URRP WHPSHUDWXUH WR ëèq& XQGHU 3,'

FRQWUROï

7KH VHW SRLQW LV JLYHQ WR DFURVV LQYHUWHU WHUPLQDOV

ëðè õíðè9ôï

<HV

1R

67$57

'HWHUPLQH WKH VHW SRLQWï

'HWHUPLQH WKH VHW SRLQW RI WKH
LWHP WR EH DGMXVWHGï

&RQYHUW WKH VHW SRLQW LQWR øï

&DOFXODWH WKH UDWLR RI WKH VHW
SRLQW WR WKH GHWHFWRU RXWSXWï

0DNH FDOLEUDWLRQï

6HW WKH VHW SRLQWï

(QWHU D YROWDJH WR DFURVV
WHUPLQDOV ëðè DFFRUGLQJ WR
WKH VHW SRLQW õøôï

2SHUDWLRQ

6HW WKH SURSRUWLRQDO EDQG DQG
LQWHJUDO WLPH WR VOLJKWO\ KLJKHU
YDOXHV DQG WKH GLIIHUHQWLDO WLPH WR
D VOLJKWO\ ORZHU YDOXHñ DQG VZLWFK
RQ WKH VWDUW VLJQDOï

,V WKH SURFHVV
YDOXH VWHDG\"

$GMXVW SDUDPHWHUVï

6HW WKH SURSRUWLRQDO EDQG DQG
LQWHJUDO WLPH WR VOLJKWO\ KLJKHU
YDOXHV DQG VHW WKH GLIIHUHQWLDO WLPH
WR D VOLJKWO\ ORZHU YDOXH WR VWDELOL]H
WKH SURFHVV YDOXHï

(1'

2SWLPL]H SDUDPHWHUVï

:KLOH WKH SURFHVV YDOXH LV VWHDG\ñ
WKH SURSRUWLRQDO EDQG DQG LQWHJUDO
WLPH PD\ EH UHGXFHG DQG WKH
GLIIHUHQWLDO WLPH LQFUHDVHG
WKURXJKRXW WKH RSHUDWLRQï

xxxxxx6HW WKH URRP WHPSHUDWXUH WR ëèq&.

xxxxxx'HWHFWRU VSHFLILFDWLRQV
:KHQ WKH GHWHFWRU XVHG KDV WKH VSHFLILFDWLRQV WKDW íq& LV HTXLYDOHQW WR
éP$ DQG èíq& WR èíP$ñ WKH VHW SRLQW RI ëèq& LV èíø EHFDXVH éP$ LV
HTXLYDOHQW WR íø DQG ëíP$ WR ìííøï

xxxxxx:KHQ WKH VHW SRLQW VHWWLQJ LQSXW õí WR è9ô DQG GHWHFWRU RXWSXW õé WR
ëíP$ô PXVW EH FDOLEUDWHGñ PDNH WKH IROORZLQJ FDOLEUDWLRQóï

xxxxxx6HW SRLQW  èíø
6LQFH WKH VSHFLILFDWLRQV RI WHUPLQDO ë DUH VXFK WKDW íø LV HTXLYDOHQW
WR í9 DQG ìííø WR è9ñ HQWHU ëïè9 LQWR WHUPLQDO ëï

xxxxxx)RU 38 RSHUDWLRQñ VHW WKH VHW SRLQW õí WR ìííøô LQ 3Uï ìêêï
'XULQJ RSHUDWLRQñ VHW WKH SURSRUWLRQDO EDQG DQG LQWHJUDO WLPH WR
VOLJKWO\ KLJKHU YDOXHV DQG VHW WKH GLIIHUHQWLDO WLPH WR D VOLJKWO\
ORZHU YDOXHï ,Q DFFRUGDQFH ZLWK WKH V\VWHP RSHUDWLRQñ UHGXFH WKH
SURSRUWLRQDO EDQG DQG LQWHJUDO WLPH DQG LQFUHDVH WKH GLIIHUHQWLDO WLPHï

ó:KHQ FDOLEUDWLRQ LV UHTXLUHGñ XVH 3Uï äíë WR 3Uï äíè WR FDOLEUDWH WKH GHWHFWRU RXWSXW DQG VHW SRLQW
VHWWLQJ LQSXW LQ WKH 38 PRGH GXULQJ DQ LQYHUWHU VWRSï

)RU (èíí ñ VHW DQ\ YDOXH RWKHU WKDQ í LQ 3Uï ìëåï

)RU $èíí ñ 3,' FRQWURO LV HQDEOHG E\ VHWWLQJ WKH 3Uï ìëå YDOXH DQG
WXUQLQJ RQ WKH ;ìé VLJQDOï
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ìéå

õçô6HW SRLQW LQSXW FDOLEUDWLRQ

ìô $SSO\ WKH LQSXW YROWDJH RI íø VHW SRLQW VHWWLQJ

õHïJï í9ô WR DFURVV WHUPLQDOV ëðèï

ëô 0DNH FDOLEUDWLRQ XVLQJ 3Uï äíëï $W WKLV WLPHñ

HQWHU WKH IUHTXHQF\ ZKLFK VKRXOG EH RXWSXW E\

WKH LQYHUWHU DW WKH GHYLDWLRQ RI íø õHïJï í+]ôï

êô $SSO\ WKH YROWDJH RI ìííø VHW SRLQW VHWWLQJ

õHïJï è9ô WR DFURVV WHUPLQDOV ëðèï

éô 0DNH FDOLEUDWLRQ XVLQJ 3Uï äíêï $W WKLV WLPHñ

HQWHU WKH IUHTXHQF\ ZKLFK VKRXOG EH RXWSXW E\

WKH LQYHUWHU DW WKH GHYLDWLRQ RI ìííø õHïJï

çí+]ôï

õæô'HWHFWRU RXWSXW FDOLEUDWLRQ

ìô $SSO\ WKH RXWSXW FXUUHQW RI íø GHWHFWRU VHWWLQJ

õHïJï éP$ô WR DFURVV WHUPLQDOV éðèï

ëô 0DNH FDOLEUDWLRQ XVLQJ 3Uï äíéï

êô $SSO\ WKH RXWSXW FXUUHQW RI ìííø GHWHFWRU

VHWWLQJ õHïJï ëíP$ô WR DFURVV WHUPLQDOV éðèï

éô 0DNH FDOLEUDWLRQ XVLQJ 3Uï äíèï

1RWHã 7KH IUHTXHQFLHV VHW LQ 3Uï äíé DQG 3Uï äíè

VKRXOG EH WKH VDPH DV VHW LQ 3Uï äíë DQG

3Uï äíêï

7KH UHVXOWV RI WKH DERYH FDOLEUDWLRQ DUH DV VKRZQ

EHORZã

ìíí

í

í è õ9ô

ø
ìíí

í

í ëí õP$ô

ø

é

ìíí

í

í ìíí

>6HW SRLQW VHWWLQJ@ >'HWHFWLRQ YDOXH@

'HYLDWLRQ õøô

>0DQLSXODWHG YDULDEOH@
0DQLSXODWHG
YDULDEOH õ+]ô

1RWHã ìï ,I WKH PXOWLðVSHHG õ5+ñ 50ñ 5/ô VLJQDO RU MRJ RSHUDWLRQ õMRJô VLJQDO LV HQWHUHG ZLWK WKH ;ìé VLJQDO

RQñ 3,' FRQWURO LV VWRSSHG DQG PXOWLðVSHHG RU MRJ RSHUDWLRQ LV VWDUWHGï

ëï :KHQ ûëíû RU ûëìû LV VHW LQ 3Uï ìëåñ QRWH WKDW WKH LQSXW DFURVV LQYHUWHU WHUPLQDOV ìðè LV DGGHG WR WKH

VHW SRLQW DFURVV WHUPLQDOV ëðèï

êï :KHQ ûèû õSURJUDPPHG RSHUDWLRQ PRGHô LV VHOHFWHG IRU 3Uï æäñ 3,' FRQWURO RSHUDWLRQ FDQQRW EH

SHUIRUPHGï ,Q WKLV VHWWLQJñ SURJUDPPHG RSHUDWLRQ LV SHUIRUPHGï

éï :KHQ ûçû õVZLWFKðRYHU PRGHô LV VHOHFWHG IRU 3Uï æäñ 3,' LV PDGH LQYDOLGï

èï :KHQ ûääääû LV VHW LQ 3Uï ëëñ WKH VWDOO SUHYHQWLRQ OHYHO LV WKH YDOXH HQWHUHG IURP WHUPLQDO ìï :KHQ

XVLQJ WHUPLQDO ì DV WKH HGLW LQSXW WHUPLQDO IRU 3,'ñ WKHUHIRUHñ VHW D YDOXH RWKHU WKDQ ûääääû LQ

3Uï ëëï

çï :KHQ ûìû õRQOLQH DXWR WXQLQJô LV VHOHFWHG IRU 3Uï äèñ 3,' FRQWURO LV PDGH LQYDOLGï

æï :KHQ WKH WHUPLQDO IXQFWLRQV DUH FKDQJHG XVLQJ 3Uï ìåí WR 3Uï ìåç DQGîRU 3Uï ìäí WR 3Uï ìäè

õ (èíí LV 3Uï ìåí WR 3Uï ìåêñ 3Uï ìäí WR 3Uï ìäëôñ WKH RWKHU IXQFWLRQV PD\ EH DIIHFWHGï &RQILUP WKH

IXQFWLRQV RI WKH FRUUHVSRQGLQJ WHUPLQDOV EHIRUH PDNLQJ VHWWLQJVï
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ìïçïêë &RPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH

> 3Uï ìêè WR ìêä@ $èíí

:KHQ UXQ DW IXOO VSHHG DW çí+] õRU èí+]ôñ WKH PRWRU

FDQ EH RSHUDWHG E\ WKH FRPPHUFLDO SRZHU VXSSO\

PRUH HIILFLHQWO\ WKDQ E\ WKH LQYHUWHUï

$OVRñ ZKHQ WKH PRWRU FDQQRW EH VWRSSHG ORQJ IRU

PDLQWHQDQFHîLQVSHFWLRQ RI WKH LQYHUWHUñ LW LV

UHFRPPHQGHG WR SURYLGH D FRPPHUFLDO SRZHU VXSSO\

FLUFXLWï

7R VZLWFK EHWZHHQ LQYHUWHU RSHUDWLRQ DQG

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQñ DQ LQWHUORFN

PXVW EH SURYLGHG WR VWRS WKH PRWRU RQFH DQG WKHQ

VWDUW WKH LQYHUWHU VR WKDW WKH LQYHUWHU PD\ QRW UHVXOW LQ

DQ RYHUFXUUHQW DODUPï

$V D VWDQGDUG IHDWXUHñ WKH $èíí KDV WKH FRPPHUFLDO

SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH IXQFWLRQ

ZKLFK RXWSXWV WLPLQJ VLJQDOV WR DFWXDWH WKH PDJQHWLF

FRQWDFWRUV WR DOORZ D FRPSOLFDWHG VZLWFKðRYHU

LQWHUORFN EHWZHHQ FRPPHUFLDO SRZHU VXSSO\ DQG

LQYHUWHU LQ WKH LQWHUQDO &38 RI WKH LQYHUWHUï

$ W\SLFDO H[DPSOH ZLOO EH H[SODLQHG EHORZï

õìô:LULQJ

ìô 0DLQ FLUFXLW

� &RQQHFW 0&ì WR WKH LQYHUWHU LQSXW VLGHï

� &RQQHFW 0&ë WR WKH FRPPHUFLDO SRZHU

VXSSO\ RSHUDWLRQ VLGHï

� &RQQHFW 0&ê WR WKH LQYHUWHU RXWSXW VLGHï

ëô ,QSXW VLJQDOV õIRU GHWDLOVñ UHIHU WR WKH QH[W SDJHô

� $FURVV &6ð6'ã (QWHU WKH VZLWFKðRYHU VLJQDO

EHWZHHQ FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ

DQG LQYHUWHU RSHUDWLRQï &ORVH WKHVH WHUPLQDOV

WR FKRRVH LQYHUWHU RSHUDWLRQï

� $FURVV 67) õ675ôð6'ã (QWHU WKH IRUZDUG

õUHYHUVHô URWDWLRQ VWDUW VLJQDO RI WKH LQYHUWHUï

� $FURVV 056ð6'ã (QWHU WKH RSHUDWLRQ

LQWHUORFN VLJQDOï 2SHQ WKHVH WHUPLQDOV WR

LQWHUORFN ERWK LQYHUWHU RSHUDWLRQ DQG

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQï

êô 2XWSXW VLJQDOV õIRU GHWDLOVñ UHIHU WR WKH QH[W

SDJHô

� $FURVV 0&ìð6(ã 2XWSXWV WKH LQYHUWHU LQSXW

VLGH PDJQHWLF FRQWDFWRU 0&ì RSHUDWLRQ

WLPLQJ VLJQDOï

� $FURVV 0&ëð6(ã 2XWSXWV WKH LQYHUWHU RXWSXW

VLGH PDJQHWLF FRQWDFWRU 0&ê RSHUDWLRQ

WLPLQJ VLJQDOï

� $FURVV 0&êð6(ã 2XWSXWV WKH FRPPHUFLDO

SRZHU VXSSO\ RSHUDWLRQ PDJQHWLF FRQWDFWRU

0&ë RSHUDWLRQ WLPLQJ VLJQDOï

õëô2SHUDWLRQ PHWKRG

ìô 7R SHUIRUP FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQï

&DQFHO WKH RSHUDWLRQ LQWHUORFN VLJQDO õFORVH

WHUPLQDOV DFURVV 056ð6'ôï :KHQ WHUPLQDOV

DFURVV 056ð6' DUH RSHQñ FRPPHUFLDO SRZHU

VXSSO\ RSHUDWLRQ LV SHUIRUPHGï

0&ì
5 õ/ìô
6 õ/ëô
7 õ/êô

67)

5ì õ/ììô

6ì õ/ìëô

&6

056

ìí
ë
è

8
9
:

0&ë

0&ê

0

6(

0&ê

1)%

2+

0&ë

0&ì
0&ê

0&ë
ëé9 '&

6'

,QYHUWHU õIRUZDUG URWDWLRQô
,QYHUWHU VHOHFWLRQ õ,QYHUWHUî
FRPPHUFLDO SRZHUô
2SHUDWLRQ LQWHUORFN

([WHUQDO WKHUPDO UHOD\

)UHTXHQF\ VHWWLQJ VLJQDO

,QYHUWHU

2&5 õ([WHUQDO
WKHUPDO UHOD\ô

0&
ì

0&
ë

0&
ê

&RPPHUFLDO 3RZHU 6XSSO\ð,QYHUWHU 6ZLWFKð2YHU

6HTXHQFH )XQFWLRQ &RQQHFWLRQ ([DPSOH

ëô 7R SHUIRUP LQYHUWHU RSHUDWLRQï

&DQFHO WKH RSHUDWLRQ LQWHUORFN VLJQDO õFORVH

WHUPLQDOV DFURVV 056ð6'ô DQG FORVH WHUPLQDOV

&6ð6'ï ,QYHUWHU RSHUDWLRQ LV SHUIRUPHG E\

WXUQLQJ RQðRII WKH LQYHUWHU VWDUW VLJQDO õWHUPLQDO

67) õ675ôôï

êô 7R VZLWFK IURP LQYHUWHU RSHUDWLRQ WR FRPPHUFLDO

SRZHU VXSSO\ RSHUDWLRQï

&ORVHñ WKHQ RSHQ WHUPLQDOV &6ð6'ï

éô 7R VZLWFK IURP FRPPHUFLDO SRZHU VXSSO\ï

RSHUDWLRQ WR LQYHUWHU RSHUDWLRQï

2SHQñ WKHQ FORVH WHUPLQDOV &6ð6' DQG VZLWFK

RQ WKH LQYHUWHU VWDUW VLJQDO õWHUPLQDO 67)

õ675ôôï ,I WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU

LQVWDQWDQHRXV SRZHU IDLOXUH KDV DOUHDG\ EHHQ

VHW DW WKLV WLPHñ VZLWFKðRYHU LV SHUIRUPHG

VPRRWKO\ ZLWKRXW PRWRU VSHHG EHLQJ UHGXFHGï

�:KHQ 3Uï ìêå  ìñ WKH RFFXUUHQFH RI DQ DODUP

GXULQJ LQYHUWHU RSHUDWLRQ DXWRPDWLFDOO\

VZLWFKHV LQYHUWHU RSHUDWLRQ WR FRPPHUFLDO

SRZHU VXSSO\ RSHUDWLRQï
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21

2))

21

2))

21

2))

21

2))

21

2))

21

2))

056ð6'

&6ð6'

67)ð6'

0&ìð6(

0&ëð6(

0&êð6(
3Uï ìêç

3Uï ìêçñ 3Uï ìêæ

0& 2SHUDWLRQ 7LPLQJ ([DPSOH

õêô+RZ WR XVH ,î2 VLJQDOV

ìô ,QSXW WHUPLQDO IXQFWLRQV

%\ FKRRVLQJ WKH YDOXH RI WKH FRPPHUFLDO SRZHU

VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH IXQFWLRQñ

3Uï ìêèñ WKH IXQFWLRQV RI WKH LQYHUWHU WHUPLQDOV

FKDQJH DV OLVWHG RQ WKH ULJKWï 7KHUHIRUHñ WKH\

VKRXOG EH IXOO\ QRWHG ZKHQ \RX KDYH SHUIRUPHG

DOO SDUDPHWHU FOHDU RSHUDWLRQñ IRU H[DPSOHï

7HUPLQDO
6\PERO

3Uï ìêè  í 3Uï ìêè  ì

67)õ675ô
,QYHUWHU IRUZDUG õUHYHUVHô
URWDWLRQ VWDUW

,QYHUWHU IRUZDUG õUHYHUVHô
URWDWLRQ VWDUW

&6
$XWRPDWLF UHVWDUW DIWHU
LQVWDQWDQHRXV SRZHU
IDLOXUH VHOHFWLRQ

,QYHUWHU
RSHUDWLRQîFRPPHUFLDO
SRZHU VXSSO\ RSHUDWLRQ
VHOHFWLRQ

056 2XWSXW VWRS 0RWRU RSHUDWLRQ LQWHUORFN

:KHQ WKLV IXQFWLRQ LV XVHG õ 3Uï ìêè  ûìûôñ WKH LQSXW VLJQDOV DUH VZLWFKHG RQðRII DV LQGLFDWHG EHORZã

0& 2SHUDWLRQ õ{ã 21ñ ã 2))ô
6LJQDO 7HUPLQDO 8VHG )XQFWLRQ 2Qð2II

0&ì 0&ë 0&ê

056 056
2SHUDWLRQ HQDEOHîGLVDEOH

VHOHFWLRQ

&RPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU RSHUDWLRQ HQDEOH

ðððððððððððððððððððððððððððððððð21

&RPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU RSHUDWLRQ GLVDEOH

ðððððððððððððððððððððððððððððððð2))

{

{

�

u

�

8QFKDQJHG

&6

'HSHQGLQJ RQ

3Uï ìåí WR

3Uï ìåç

,QYHUWHUðFRPPHUFLDO SRZHU

VXSSO\ VZLWFKðRYHU

,QYHUWHU RSHUDWLRQ 21

&RPPHUFLDO SRZHU VXSSO\

RSHUDWLRQ ððððððððððððððððð2))

{

{

u

{

{

u

67)

õ675ô

67)

õ675ô

,QYHUWHU RSHUDWLRQ

FRPPDQG õLQYDOLG IRU

FRPPHUFLDO SRZHU VXSSO\ô

õ1RWHô

)RUZDUG õUHYHUVHô URWDWLRQ

ðððððððððððððððððððððððððððððððð21

6WRS ððððððððððððððððððððððððð2))

{

{

u

u

{

{

2+
'HSHQGLQJ RQ

3Uï ìåí 3Uï ìåç

([WHUQDO WKHUPDO UHOD\

LQSXW

0RWRU QRUPDOðððððððððððððð21

0RWRU IDXOW ððððððððððððððððð2))

{

u
�
u

�
u

5(6 5(6
2SHUDWLQJ FRQGLWLRQ

LQLWLDOL]DWLRQ

,QLWLDOL]DWLRQðððððððððððððððð21

1RUPDO RSHUDWLRQ ðððððððð2))

8QFKDQJHG

{

u
�

8QFKDQJHG

�

1RWHã ìï ,Q WKH DERYH 0& 2SHUDWLRQ ILHOGñ >ð@ LQGLFDWHV WKDW 0&ì LV RQñ 0&ë LV RII DQG 0&ê LV RQ LQ LQYHUWHU
RSHUDWLRQ DQG 0&ì LV RQñ 0&ë LV RII DQG 0&ê LV RII LQ FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQï
>8QFKDQJHG@ LQGLFDWHV WKDW WKH VWDWXV EHIRUH VLJQDOðRQ RU VLJQDOðRII LV KHOGï

ëï 7KH &6 VLJQDO RQO\ IXQFWLRQV ZKHQ WKH 056 VLJQDO LV RQï 67) õ675ô RQO\ IXQFWLRQV ZKHQ 056 DQG
&6 DUH RQï

êï 0&ì VZLWFKHV RII ZKHQ DQ LQYHUWHU IDXOW RFFXUVï
éï ,I WKH 056 VLJQDO LV QRW VZLWFKHG RQñ QHLWKHU FRPPHUFLDO SRZHU VXSSO\ QRU LQYHUWHU RSHUDWLRQ FDQ

EH SHUIRUPHGï
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ëô 2XWSXW WHUPLQDO IXQFWLRQV

$VVLJQ WKH 0&ì WR 0&ê IXQFWLRQV WR WKH RXWSXW

WHUPLQDOV RI WKH LQYHUWHU RU )5ð$è$5 RSWLRQï

êô 2XWSXW LQWHUIDFH VSHFLILFDWLRQV

z )RU XVH ZLWK '& FLUFXLW

8VH WKH LQYHUWHU WHUPLQDOV RU RSWLRQ XQLW

õ)5ð$è$5ôï

z $& FLUFXLW

8VH WKH RSWLRQ XQLW õ)5ð$è$5ôï 7KH RXWSXW

WHUPLQDOV RI WKH LQYHUWHU FDQQRW EH XVHG ZLWK

WKH $& FLUFXLW DV WKH\ KDYH RSHQ FROOHFWRU

VSHFLILFDWLRQVï õ,I WKH\ DUH XVHG ZLWK WKH $&

FLUFXLWñ WKH RXWSXW WUDQVLVWRU ZLOO EH

GDPDJHGïô

z 3HUPLVVLEOH FXUUHQW

7KH SHUPLVVLEOH FXUUHQW VKRXOG EH IXOO\ QRWHG

ZKHQ WKH RXWSXWV RI WKH LQYHUWHU RU RSWLRQ

XQLW DUH XVHG WR GULYH WKH PDJQHWLF

FRQWDFWRUVï

:KHQ WKH IROORZLQJ SHUPLVVLEOH FXUUHQW LV QRW

HQRXJKñ DOZD\V XVH UHOD\V HWFï LQ EHWZHHQï

� 3HUPLVVLEOH FXUUHQW RI LQYHUWHU

ã ëé9'& íïì$

� 3HUPLVVLEOH FXUUHQW RI RSWLRQ XQLW

ã ëêí9$& íïê$

êí9'& íïê$

z 0DJQHWLF FRQWDFWRU FKDQJHðRYHU WLPLQJ

7KH VZLWFKðRYHU VHTXHQFH IXQFWLRQ RI WKH

LQYHUWHU PD\ EH XVHG WR WLPH WKH VZLWFKðRYHUñ

EXW WR HQVXUH VDIHW\ñ DOZD\V XVH PDJQHWLF

FRQWDFWRUV HTXLSSHG ZLWK PDFKLQH LQWHUORFN

PHFKDQLVP DV WKH LQYHUWHU RXWSXW VLGH 0&ê

DQG FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ VLGH

0&ëï

õéô3DUDPHWHU VHWWLQJ

6HOHFW ZKHWKHU WKH FRPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU VZLWFKðRYHU VHTXHQFH IXQFWLRQ LV

DFWLYDWHG RU QRWï :KHQ WKH VHWWLQJ LV í

õFRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU

VHTXHQFH IXQFWLRQ LV QRW VHOHFWHGôñ WKH LQYHUWHU

RSHUDWHV DV DQ RUGLQDU\

LQYHUWHU ZKLFK GRHV QRW KDYH WKH FRPPHUFLDO

SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH

IXQFWLRQñ DQG WKH SDUDPHWHU VHWWLQJV RI 3Uï ìêç WR

3Uï ìêä DUH LJQRUHGï

0& 2SHUDWLRQ 6LJQDO 2XWSXW 6LJQDO
3Uï ìêè

6HWWLQJ
'HVFULSWLRQ

0&ì õ,QSXW VLGHô 0&ë õ2XWSXW VLGHô
0&ê õ&RPPHUFLDO

SRZHU VLGHô

í
&RPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH

IXQFWLRQ LV QRW VHOHFWHGï õ6DPH DV RUGLQDU\ LQYHUWHUô
1R RXWSXW 1R RXWSXW 1R RXWSXW

ì

&RPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH

IXQFWLRQ LV VHOHFWHGï õ6HTXHQFH RXWSXW LV SURYLGHGô

:KHQ 0&ì WR 0&ê DUH DVVLJQHG XVLQJ 3Uï ìäí WR 3Uï ìäè

õRXWSXW WHUPLQDO IXQFWLRQ VHOHFWLRQôñ RSHQ FROOHFWRU RXWSXWV

DUH SURYLGHG IURP WKH LQYHUWHUï :KHQ WKH\ DUH QRW DVVLJQHGñ

UHOD\ RXWSXWV DUH SURYLGHG IURP WKH )5ð$è$5 õRSWLRQôï

2XWSXW IURP 0&ì 2XWSXW IURP 0&ë 2XWSXW IURP 0&ê
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:KHQ \RX KDYH VHOHFWHG WKH FRPPHUFLDO SRZHU

VXSSO\ðLQYHUWHU VZLWFKðRYHU VHTXHQFH IXQFWLRQñ WKH

0&V RSHUDWH LQ DFFRUGDQFH ZLWK WKH SDUDPHWHU

VHWWLQJV OLVWHG EHORZã

0& 2SHUDWLRQð5HODWHG )XQFWLRQV

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH
6HW 9DOXH 2SHUDWLRQ

)DFWRU\

6HWWLQJ

ìêç
0& VZLWFKðRYHU

LQWHUORFN WLPH

í WR ìíí

VHFRQGV
í WR ìíí

6HW WKH RSHUDWLRQ LQWHUORFN WLPH RI WKH FRPPHUFLDO SRZHU VXSSO\

RSHUDWLRQ 0&ë DQG LQYHUWHU RSHUDWLRQ 0&êï 6HW D WLPH ORQJHU WKDQ

WKH WXUQðRQ WLPH RI WKH FRUUHVSRQGLQJ 0&ñ 0&ë RU 0&êï

ìïí V

ìêæ
5HVWDUW ZDLWLQJ WLPH

õ0&ê WXUQðRQ WLPHô

í WR ìíí

VHFRQGV
í WR ìíí

6HW WLPH IURP ZKHQ WKH 21 VLJQDO HQWHUV WKH LQYHUWHU RSHUDWLRQ

0&ê WR ZKHQ LW DFWXDOO\ VZLWFKHV RQï õ1RWHô
ìïí V

í
7KH LQYHUWHU VWRSV ZKHQ DQ LQYHUWHU IDXOW RFFXUV õ0&ì WR 0&ê DOO

VZLWFK RIIôï
{

ìêå

&RPPHUFLDO SRZHU

VXSSO\ðLQYHUWHU

VZLWFKðRYHU

VHOHFWLRQ DW LQYHUWHU

DODUP

íñ ì

ì

:KHQ DQ LQYHUWHU IDXOW RFFXUV õH[FHSW H[WHUQDO WKHUPDO UHOD\ôñ

LQYHUWHU RSHUDWLRQ LV DXWRPDWLFDOO\ VZLWFKHG WR FRPPHUFLDO SRZHU

VXSSO\ RSHUDWLRQ õ0&ëã 21ñ 0&ìñ 0&êã 2))ôï

�

ääää $XWRPDWLF VZLWFKðRYHU LV QRW SHUIRUPHGï {

ìêä

$XWRPDWLF LQYHUWHUð

FRPPHUFLDO SRZHU

VXSSO\ VZLWFKðRYHU

IUHTXHQF\

ääääñ

í WR çí+] í WR çí

7KH PRWRU LV VWDUWHG DQG VWRSSHG E\ WKH LQYHUWHUñ DQG ZKHQ WKH

RXWSXW IUHTXHQF\ UHDFKHV RU H[FHHGV WKH VHW IUHTXHQF\ñ LQYHUWHU

RSHUDWLRQ LV DXWRPDWLFDOO\ VZLWFKHG WR FRPPHUFLDO SRZHU VXSSO\

RSHUDWLRQï

�

1RWHã :KHQ WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH KDV EHHQ VHOHFWHG LQ 3Uï èæñ WKH FRDVWLQJ VSHHG PXVW EH

GHWHFWHG DIWHU WKH 0&ê KDV WXUQHG RQ WR FRQQHFW WKH PRWRU WR WKH LQYHUWHUï +HQFHñ WKLV WLPH PXVW EH VHW D OLWWOH ORQJHU WKDQ WKH

WXUQðRQ WLPH RI WKH 0&ê VR WKDW WKH VSHHG PD\ EH GHWHFWHG DIWHU WKH LQYHUWHU RSHUDWLRQ 0& KDV WXUQHG RQï ,I WKH WLPH VHWWLQJ LV

VKRUWHU WKDQ WKH 0&ê WXUQðRQ WLPHñ WKH FRDVWLQJ WLPH FDQQRW EH GHWHFWHG SURSHUO\ DQG DQ DODUP PD\ WDNH SODFHï

:KHQ WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH LV QRW VHOHFWHGñ WKH LQYHUWHU VWDUWV DW WKH VWDUWLQJ IUHTXHQF\

DIWHU WKH WLPH VHW LQ 3Uï ìêæ KDV HODSVHGï

õèô ,QVWUXFWLRQV

ìô 0DLQ FLUFXLWï

1RWH WKH SKDVH URWDWLRQ RI WKH SRZHU VXSSO\ï

,I WKH SKDVH URWDWLRQ RI WKH SRZHU VXSSO\ LV

GLIIHUHQWñ WKH PRWRU ZLOO URWDWH LQ WKH RSSRVLWH

GLUHFWLRQ ZKHQ LQYHUWHU RSHUDWLRQ LV VZLWFKHG WR

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ DQG YLFH

YHUVDï +HQFHñ PDFKLQH RU PRWRU VKDIW GDPDJHñ

LQYHUWHU RYHUFXUUHQW DODUP RU RWKHU IDXOW PD\

WDNH SODFHï

ëô &RQWURO FLUFXLWï

$OZD\V FRQQHFW WKH FRQWURO SRZHU VXSSO\

õWHUPLQDOV 5ìñ 6ì õ/ììñ /ëìôô EHIRUH WKH LQSXW

VLGH 0&ìï ,I WKH FRQWURO SRZHU VXSSO\ LV

FRQQHFWHG DIWHU WKH LQSXW VLGH 0&ìñ WKH

FRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU

VHTXHQFH IXQFWLRQ LV QRW DFWLYDWHGï 7KHUHIRUHñ

WKH LQSXW VLGH 0&ì FDQQRW WXUQ RQ DQG LQYHUWHU

RSHUDWLRQ FDQQRW EH SHUIRUPHGï

êô ,QYHUWHU DODUPï

)RU (ï&38 DPRQJ WKH LQYHUWHU DODUPVñ WKH

FRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU

VHTXHQFH IXQFWLRQñ ZKLFK SURYLGHV FRPPHUFLDO

SRZHU VXSSO\ EDFNXS DW DODUP RFFXUUHQFHñ IRU

H[DPSOHñ LV QRW DFWLYDWHGï

éô ,QVWDOODWLRQ RI H[WHUQDO WKHUPDO UHOD\ï

:KHQ XVLQJ DQ H[WHUQDO WKHUPDO UHOD\ñ FRQQHFW

LW LQ WKH FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ

VLGH DQG GR QRW FRQQHFW LW LQ WKH LQYHUWHU RXWSXW

VLGHï

:KHQ FRQQHFWHG LQ WKH RXWSXW VLGH RI WKH éíí9

FODVVñ VPDOOðFDSDFLW\ LQYHUWHU IRU ORZ DFRXVWLF

QRLVH RSHUDWLRQñ WKH H[WHUQDO WKHUPDO UHOD\ PD\

RSHUDWH XQQHFHVVDULO\ï

èô 3DUDPHWHU VHWWLQJï

6LQFH DOO FOHDU RSHUDWLRQ UHWXUQV 3Uï ìêè WR WKH

IDFWRU\ VHWWLQJñ WKH FRPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU VZLWFKðRYHU VHTXHQFH IXQFWLRQ ZLOO QRW

EH DFWLYDWHGï

%HIRUH VWDUWLQJ RSHUDWLRQñ DOZD\V VHW WKH

UHODWHG SDUDPHWHUVï
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ìïçïêê &XUUHQW GHWHFWLRQ IXQFWLRQ > 3Uï ìèí WR ìèê@ &20021

õìô2XWSXW FXUUHQW GHWHFWLRQ > 3Uï ìèíñìèì@

,I WKH RXWSXW FXUUHQW UHPDLQV KLJKHU WKDQ WKH

3Uï ìèí VHWWLQJ GXULQJ LQYHUWHU RSHUDWLRQ IRU

ORQJHU WKDQ WKH WLPH VHW LQ 3Uï ìèìñ WKH RXWSXW

FXUUHQW GHWHFWLRQ VLJQDO õ<ìëô LV RXWSXW IURP WKH

LQYHUWHUöV RSHQ FROOHFWRU RXWSXW WHUPLQDOï

õ8VH DQ\ RI 3Uï ìäí WR 3Uï ìäè õ (èíí LV 3Uï ìäí

WR 3Uï ìäëô WR DVVLJQ WKH WHUPLQDO XVHG IRU <ìë

VLJQDO RXWSXWïô

2)) 21 2))

0LQLPXP ìííPV

7LPH õWô

2XWSXW FXUUHQW
GHWHFWLRQ VLJQDO

2XWSXW õ,ô

3Uï ìèí

3Uï ìèì

3DUDPHWHU

1XPEHU
'HVFULSWLRQ

ìèí
6HW WKH RXWSXW FXUUHQW GHWHFWLRQ OHYHOï

ìííø LV WKH UDWHG LQYHUWHU FXUUHQWï

ìèì

6HW WKH RXWSXW FXUUHQW GHWHFWLRQ WLPHï 6HW D SHULRG RI

WLPH IURP ZKHQ WKH RXWSXW FXUUHQW ULVHV WR RU DERYH

WKH 3Uï ìèí VHWWLQJ WR ZKHQ WKH RXWSXW FXUUHQW

GHWHFWLRQ VLJQDO õ<ìëô LV RXWSXWï

1RWHã ìï 2QFH VZLWFKHG RQñ WKH RXWSXW FXUUHQW

GHWHFWLRQ VLJQDO LV KHOG RQ IRU DW OHDVW

ìííPVï

ëï 7KLV IXQFWLRQ LV DOVR YDOLG GXULQJ H[HFXWLRQ

RI WKH RQOLQH RU RIIOLQH DXWR WXQLQJï

õëô =HUR FXUUHQW GHWHFWLRQ > 3Uï ìèëñìèê@

,I WKH RXWSXW FXUUHQW UHPDLQV ORZHU WKDQ WKH

3Uï ìèë VHWWLQJ GXULQJ LQYHUWHU RSHUDWLRQ IRU

ORQJHU WKDQ WKH WLPH VHW LQ 3Uï ìèêñ WKH ]HUR

FXUUHQW GHWHFWLRQ õ<ìêô VLJQDO LV RXWSXW IURP WKH

LQYHUWHUöV RSHQ FROOHFWRU RXWSXW WHUPLQDOï

õ8VH DQ\ RI 3Uï ìäí WR 3Uï ìäè õ (èíí LV 3Uï ìäí

WR 3Uï ìäëô WR DVVLJQ WKH WHUPLQDO XVHG IRU <ìê

VLJQDO RXWSXWïô

:KHQ WKH LQYHUWHUöV RXWSXW FXUUHQW IDOOV WR ûíûñ

WRUTXH ZLOO QRW EH JHQHUDWHGï 7KLV PD\ FDXVH D

JUDYLW\ GURS ZKHQ WKH LQYHUWHU LV XVHG LQ YHUWLFDO

OLIW DSSOLFDWLRQï

7R SUHYHQW WKLVñ WKH RXWSXW FXUUHQW û]HURû VLJQDO

FDQ EH RXWSXW IURP WKH LQYHUWHU WR FORVH WKH

PHFKDQLFDO EUDNH ZKHQ WKH RXWSXW FXUUHQW KDV

IDOOHQ WR û]HURûï

2)) 21

2)) 21 2)) 21

ìííPV
2XWSXW
FXUUHQW í >$@

õ1RWHô

6WDUW VLJQDO

=HUR FXUUHQW
GHWHFWLRQ OHYHO

=HUR FXUUHQW
GHWHFWLRQ
VLJQDO RXWSXW 3Uï ìèê GHWHFWLRQ WLPH

3Uï ìèë

3Uï ìèê GHWHFWLRQ WLPH

3DUDPHWHU

1XPEHU
'HVFULSWLRQ

ìèë

6HW WKH ]HUR FXUUHQW GHWHFWLRQ OHYHOï

6HW WKLV SDUDPHWHU WR GHILQH WKH SHUFHQWDJH RI WKH

UDWHG FXUUHQW DW ZKLFK WKH ]HUR FXUUHQW ZLOO EH

GHWHFWHGï

ìèê

6HW WKH ]HUR FXUUHQW GHWHFWLRQ WLPHï

6HW D SHULRG RI WLPH IURP ZKHQ WKH RXWSXW FXUUHQW

GURSV WR RU EHORZ WKH 3Uï ìèë VHWWLQJ WR ZKHQ WKH

]HUR FXUUHQW GHWHFWLRQ VLJQDO õ<ìêô LV RXWSXWï

1RWHã ìï ,I WKH FXUUHQW IDOOV EHORZ WKH SUHVHW

GHWHFWLRQ OHYHO EXW WKH WLPLQJ FRQGLWLRQ LV

QRW VDWLVILHGñ WKH ]HUR FXUUHQW GHWHFWLRQ

VLJQDO LV KHOG RQ IRU DERXW ìííPVï

ëï 7KLV IXQFWLRQ LV DOVR YDOLG GXULQJ H[HFXWLRQ

RI WKH RQOLQH RU RIIOLQH DXWR WXQLQJï

êï 7KH ]HUR FXUUHQW GHWHFWLRQ OHYHO VHWWLQJ

VKRXOG QRW EH WRR KLJKñ DQG WKH ]HUR

FXUUHQW GHWHFWLRQ WLPH VHWWLQJ QRW EH WRR

ORQJï 2WKHUZLVHñ WKH GHWHFWLRQ VLJQDO PD\

QRW EH RXWSXW ZKHQ WRUTXH LV QRW JHQHUDWHG

DW D ORZ RXWSXW FXUUHQWï

éï 7R SUHYHQW WKH PDFKLQH DQG HTXLSPHQW

IURP UHVXOWLQJ LQ KD]DUGRXV FRQGLWLRQV E\

XVH RI WKH ]HUR FXUUHQW GHWHFWLRQ VLJQDOñ

LQVWDOO D VDIHW\ EDFNXS VXFK DV DQ

HPHUJHQF\ EUDNHï
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1.6.34 User group selection [ Pr. 160,173 to 176] COMMON

From among all parameters, a total of 32 parameters
can be registered to two different user groups.
The registered parameters may only be accessed for
reading and writing. Other parameters than those
registered to the user groups cannot be read.
By setting the required value in Pr. 160, the user
groups can be made valid or invalid.

Pr.  160

Setting
Description

0
All parameters can be accessed for reading

and writing (Factory setting)

1
Parameters registered to user group 1 may

only be accessed for reading and writing.

10
Parameters registered to user group 2 may

only be accessed for reading and writing.

11
Parameters registered to user groups 1 and 2

may only be accessed for reading and writing.

Use the following parameters to register and delete user groups:

Parameter

Number
Function Name Setting Range Remarks Factory Setting

173 User group 1 registration 0 to  999 0

174 User group 1 deletion 0 to 999, 9999 9999: Batch deletion 0

175 User group 2 registration 0 to 999 0

176 User group 2 deletion 0 to 999, 9999 9999: Batch deletion 0

(1)Parameter registration to user group (when registering Pr. 3 to user group 1)

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

1) 2) 3) 4) 5)

SET SET

1.5 s

The number of parameters 
registered for user setting 
appears.

Using the [UP/DOWN] key, 
choose the parameter number 
to be registered.

Using the [UP/DOWN] key, 
move to the next parameter 
to be registered. 
Using the [SET] key, make 
registration.

...
..

Flickering

...
..

...
..

...
..

Pr. 173 reading

Pr. 3 is registered to user 
group 1.

(2)Parameter deletion from user group (when deleting Pr. 5 from user group 1)

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

FR-DU04 CONTROL PANEL

Hz

MON EXT PU

A
V

REV FWD

1) 2) 3) 4) 5)

SET SET

1.5 s

The number of parameters 
registered for user setting 
appears.

Using the [UP/DOWN] key, 
choose the parameter number 
to be deleted.

Using the [UP/DOWN] key, 
choose the parameter to be 
deleted. 
Using the [SET] key, make 
deletion.

...
..

Flickering

...
..

...
..

...
..

Pr. 174 reading

Pr. 5 is deleted from user 
group 1.

Note: 1. Pr. 77, Pr. 160 and Pr. 991 values can
always be read independently of the user
group setting.

2. When Pr. 173 or Pr. 174 is read, the
number of parameters registered to user
group 1 appears. When Pr. 175 or Pr. 176
is read, the number of parameters
registered to user group 2 appears.

3. "0" set in the second digit of the 2-digit
Pr. 160 setting is not displayed. However,

it is displayed when "0" is set in the first
digit only.

4. When "9999" is set in Pr. 174 or Pr. 176,
the parameters registered to the
corresponding user group is batch-deleted.
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ìèè

ìïçïêè :DWWðKRXU PHWHUñ DFWXDO RSHUDWLRQ KRXU PHWHU FOHDU
> 3Uï ìæíóñìæì@

õó 3Uï ìæí LV QRW SURYLGHG IRU (èíí ïô

%\ ZULWLQJ í LQ WKH FRUUHVSRQGLQJ SDUDPHWHUVñ WKH ZDWWðKRXU PHWHU õ1RWHô DQG DFWXDO RSHUDWLRQ KRXU PHWHU

DUH FOHDUHGï

3DUDPHWHU

1XPEHU
)XQFWLRQ 1DPH 6HWWLQJ 5DQJH )DFWRU\ 6HWWLQJ

ìæí õ1RWHô :DWWðKRXU PHWHU FOHDU í í

ìæì
$FWXDO RSHUDWLRQ KRXU

PHWHU FOHDU
í í

1RWHã 1RW SURYLGHG IRU (èíí ï

ìïçïêç 8VHUöV LQLWLDO YDOXH VHWWLQJ > 3Uï ìää@ $èíí

)URP DPRQJ WKH SDUDPHWHUVñ \RX FDQ VHW XVHUðRQO\

SDUDPHWHU LQLWLDO YDOXHVï 7KHVH YDOXHV PD\ EH VHW WR

ìç SDUDPHWHUVï

%\ SHUIRUPLQJ XVHU FOHDU RSHUDWLRQ IURP WKH

RSHUDWLRQ SDQHO RU SDUDPHWHU XQLWñ \RX FDQ LQLWLDOL]H

WKH SDUDPHWHUV WR WKH XVHUðVHW LQLWLDO YDOXHVï 1RWH

WKDW WKH SDUDPHWHUV RI ZKLFK LQLWLDO YDOXHV KDYH QRW

EHHQ VHW DUH LQLWLDOL]HG WR WKH IDFWRU\ VHWWLQJV E\ XVHU

FOHDU RSHUDWLRQï

<RX FDQ UHDG WKH XVHUöV LQLWLDO YDOXH OLVW LQ WKH KHOS

PRGH RI WKH SDUDPHWHU XQLW õ)5ð38íéôï

3DUDPHWHU

1XPEHU
6HWWLQJ 5DQJH )DFWRU\ 6HWWLQJ

ìää í WR äääñ ääää í

7KH UHDG YDOXH RI 3Uï ìää LV GLVSOD\HG DV WKH

QXPEHU RI SDUDPHWHUV UHJLVWHUHGï

õìô7R VHW ûìû LQ 3Uï æ DQG ûëû LQ 3Uï å DV XVHUöV LQLWLDO

YDOXHVï õ2SHUDWLRQ IURP WKH )5ð'8íéô

çô 7KURXJK WKH DERYH VWHSVñ WKH LQLWLDO YDOXHV RI 3Uï æ DQG
3Uï å DUH UHJLVWHUHGï

ìô 6HW ûìû õWDUJHW LQLWLDO YDOXHô LQ 3Uï æï

ëô 6HW ûëû õWDUJHW LQLWLDO YDOXHô LQ 3Uï åï

êô 3UHVV WKH >6(7@ NH\ WR UHDG 3Uï ìääï 7KH QXPEHU RI
SDUDPHWHUV KDYLQJ XVHUöV LQLWLDO YDOXHV DUH WKHQ GLVSOD\HGï

éô )XUWKHU SUHVV WKH >6(7@ NH\ IRU ìïè VHFRQGVï
7KH SDUDPHWHU VHWWLQJ VFUHHQ LV WKHQ GLVSOD\HGï

èô 6HOHFW 3Uï æ DQG 3Uï å ZLWK WKH >83î'2:1@ NH\ DQG
SUHVV WKH >6(7@ NH\ IRU ìïè VHFRQGV WR HQWHUï

7KH VHWWLQJV RI WKH SDUDPHWHUV ZKRVH QXPEHUV

DUH VHW LQ 3Uï ìää õLïHï 3Uï æ  ìñ 3Uï å  ë LQ WKH

DERYH H[DPSOHô DUH XVHUöV LQLWLDO YDOXHVï

õëô'HOHWLRQ RI XVHUöV LQLWLDO YDOXHV

%\ ZULWLQJ ûääääû WR 3Uï ìää õDQG SUHVVLQJ WKH

>6(7@ NH\ IRU ìïè VHFRQGVôñ WKH XVHUöV LQLWLDO

YDOXHV UHJLVWHUHG DUH EDWFKðGHOHWHGï

1RWHã ìï :KHQ XVHUöV LQLWLDO YDOXHV IRU 3Uï äíë WR

3Uï äíè DUH VHWñ RQH SDUDPHWHU XVHV WKH

DUHD RI WZR SDUDPHWHUV IRU UHJLVWUDWLRQï

ëï $V WKLV VHWWLQJ LV FRQFHUQHG ZLWK XVHUð

FOHDUHG LQLWLDO YDOXHVñ WKH SDUDPHWHU

QXPEHUV ZKLFK FDQQRW EH FOHDUHG

FDQQRW EH VHWï

êï 7KH RSHUDWLRQ SDQHO õ)5ð'8íéô FDQQRW

EH XVHG WR UHIHU WR XVHUöV LQLWLDO YDOXHVï

éï 9DOXHV FDQQRW EH UHJLVWHUHG WR 3Uï ëíì

WR 3Uï ëêìï
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ìèç

ìïçïêæ 3URJUDPPHG RSHUDWLRQ > 3Uï ëíí WR ëêì@ $èíí

%\ SUHVHWWLQJ WKH WLPH RI GD\ñ PRWRU URWDWLRQ

GLUHFWLRQ DQG UXQQLQJ IUHTXHQF\ñ WKH

DXWRPDWLF RSHUDWLRQ RI WKH LQYHUWHU FDQ EH

SHUIRUPHG DFFRUGLQJ WR WKH VHWWLQJVï

7KH WLPH RI GD\ñ PRWRU URWDWLRQ GLUHFWLRQ DQG

UXQQLQJ IUHTXHQF\ DUH JURXSHG LQWR D VLQJOH

SRLQW RI IXQFWLRQVñ RQH JURXS FRQVLVWV RI ìí

SRLQWVñ DQG D WRWDO RI XS WR êí SRLQWVñ LïHï ê

JURXSVñ FDQ EH VHWï

)RU WKH SURJUDPPHG RSHUDWLRQ PHWKRGñ UHIHU

WR 6HFWLRQ ìïçïì õèôï

6HWWLQJ RI 5HIHUHQFH 7LPH RI 'D\ DQG 8QLW

3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ

5DQJH
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

6HWWLQJ 8QLW 38 PRQLWRU �

í 0LQïîVHFï 9ROWDJH {

ì +UïîPLQï 9ROWDJH �

ë 0LQïîVHFï
5HIHUHQFH

WLPH RI GD\
�

ëíí
7LPH

XQLW

íñ ìñ ëñ

ê

ê +UïîPLQï
5HIHUHQFH

WLPH RI GD\
�

ëêì
7LPH

VHWWLQJ

í WR

ääïèä
6HW UHIHUHQFH WLPH RI GD\ï í

3URJUDP 6HWWLQJ

5RWDWLRQ 'LUHFWLRQ 5XQQLQJ )UHTXHQF\ 7LPH RI 'D\
3DUDPHWHU

1XPEHU
1DPH

6HWWLQJ UDQJH
)DFWRU\

VHWWLQJ
6HWWLQJ UDQJH

)DFWRU\

VHWWLQJ
6HWWLQJ UDQJH

)DFWRU\

VHWWLQJ

ëíì 3URJUDP ì VHW

ëíë 3URJUDP ë VHW

ëíê 3URJUDP ê VHW

ëíé 3URJUDP é VHW

ëíè 3URJUDP è VHW

ëíç 3URJUDP ç VHW

ëíæ 3URJUDP æ VHW

ëíå 3URJUDP å VHW

ëíä 3URJUDP ä VHW

ëìí

*
UR
XS

ì

3URJUDP ìí VHW

íã 6WRS

ìã )RUZDUG URWDWLRQ

ëã 5HYHUVH URWDWLRQ

í

ääääã 1R VHWWLQJ

í WR éíí+]

ääää í WR ää�èä í

ëìì 3URJUDP ìì VHW

ëìë 3URJUDP ìë VHW

ëìê 3URJUDP ìê VHW

ëìé 3URJUDP ìé VHW

ëìè 3URJUDP ìè VHW

ëìç 3URJUDP ìç VHW

ëìæ 3URJUDP ìæ VHW

ëìå 3URJUDP ìå VHW

ëìä 3URJUDP ìä VHW

ëëí

*
UR
XS

ë

3URJUDP ëí VHW

íã 6WRS

ìã )RUZDUG URWDWLRQ

ëã 5HYHUVH URWDWLRQ

í

ääääã 1R VHWWLQJ

í WR éíí+]

ääää í WR ää�èä í

ëëì 3URJUDP ëì VHW

ëëë 3URJUDP ëë VHW

ëëê 3URJUDP ëê VHW

ëëé 3URJUDP ëé VHW

ëëè 3URJUDP ëè VHW

ëëç 3URJUDP ëç VHW

ëëæ 3URJUDP ëæ VHW

ëëå 3URJUDP ëå VHW

ëëä 3URJUDP ëä VHW

ëêí

*
UR
XS

ê

3URJUDP êí VHW

íã 6WRS

ìã )RUZDUG URWDWLRQ

ëã 5HYHUVH URWDWLRQ

í

ääääã 1R VHWWLQJ

í WR éíí+]

ääää í WR ää�èä í
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ìèæ

ìïçïêå &RROLQJ IDQ RSHUDWLRQ VHOHFWLRQ > 3Uï ëéé@ &20021

<RX FDQ FRQWURO WKH RSHUDWLRQ RI WKH FRROLQJ IDQ EXLOW

LQ WKH LQYHUWHU õSURYLGHG IRU WKH IRUFHG DLU FRROLQJ

LQYHUWHU RQO\ôï

3Uï ëéé

6HWWLQJ
'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í

2SHUDWHG DW SRZHU RQ õLQGHSHQGHQWO\ RI

ZKHWKHU WKH LQYHUWHU LV UXQQLQJ RU DW D

VWRSôï

{

ì

&RROLQJ IDQ RQðRII FRQWURO YDOLG

õ7KH FRROLQJ IDQ LV DOZD\V RQ ZKLOH WKH

LQYHUWHU LV UXQQLQJï 'XULQJ D VWRSñ WKH

LQYHUWHU VWDWXV LV PRQLWRUHG DQG WKH IDQ

VZLWFKHV RQðRII DFFRUGLQJ WR WHPSHUDWXUHïô

�

,Q HLWKHU RI WKH IROORZLQJ FDVHVñ IDQ RSHUDWLRQ LV

UHJDUGHG DV IDXOW\ñ >)1@ LV VKRZQ RQ WKH RSHUDWLRQ

SDQHOñ DQG WKH IDQ IDXOW õ)$1ô õ1RWHô DQG OLJKW IDXOW

õ/)ô VLJQDOV DUH RXWSXWï

ìô 3Uï ëéé  ûíû

:KHQ WKH IDQ FRPHV WR D VWRS ZLWK SRZHU RQï

ëô 3Uï ëéé  ûìû

:KHQ WKH IDQ FRPHV WR D VWRS GXULQJ WKH IDQ 21

FRPPDQG RU WKH IDQ VWDUWV GXULQJ WKH IDQ 2))

FRPPDQGï

1RWHã 1RW SURYLGHG IRU (èíí ï

ìïçïêä 6WRS VHOHFWLRQ > 3Uï ëèí@ &20021

8VHG WR VHOHFW WKH VWRSSLQJ PHWKRG õGHFHOHUDWLRQ WR D VWRS RU FRDVWLQJô ZKHQ WKH VWDUW VLJQDO õ67)î675ô

VZLWFKHV RIIï

3DUDPHWHU

1XPEHU
1DPH 6HW 9DOXH 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í WR ìíí V 2XWSXW LV VKXW RII ZKHQ SUHVHW WLPH KDV HODSVHG DIWHU VWDUW VLJQDO KDG WXUQHG RIIï �

ìííí WR ììíí V

õ1RWHô

2XWSXW LV VKXW RII ZKHQ õSUHVHW WLPH ð ìííí VHFRQGVô KDYH HODSVHG DIWHU VWDUW

VLJQDO KDG WXUQHG RIIï

)XQFWLRQV RI WHUPLQDOV 67)ñ 675 DUH FKDQJHGï

�

åååå õ1RWHô )XQFWLRQV RI WHUPLQDOV 67)ñ 675 DUH FKDQJHGï �

ëèí
6WRS

VHOHFWLRQ

ääää 2UGLQDU\ RSHUDWLRQï 0RWRU LV GHFHOHUDWHG WR VWRS ZKHQ VWDUW VLJQDO WXUQV RIIï {

1RWHã 1RW SURYLGHG IRU $èíí ï

ìô 3Uï ëèí  ûääääû

:KHQ WKH VWDUW VLJQDO VZLWFKHV RIIñ WKH PRWRU LV GHFHOHUDWHG WR D VWRSï

7LPH õWô

21 2))

'& EUDNH

6WDUW VLJQDO

2XWSXW IUHTXHQF\
'HFHOHUDWHG ZKHQ VWDUW VLJQDO VZLWFKHV RIIï

'HFHOHUDWLRQ WLPH õWLPH VHW LQ 3Uï åñ HWFïô
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ìèå

ëô 3Uï ëèí  í WR ìíí VHFRQGV õRXWSXW LV VKXW RII DIWHU SUHVHQW WLPHô

7KH RXWSXW LV VKXW RII ZKHQ WKH WLPH VHW LQ 3Uï ëèí KDV HODSVHG DIWHU WKH VWDUW VLJQDO ZDV VZLWFKHG RIIï 7KH

PRWRU FRDVWV WR D VWRSï

2))

2))

6WDUW VLJQDO

2XWSXW IUHTXHQF\

581 VLJQDO

7LPH õWô

0RWRU FRDVWV WR D VWRSï

2XWSXW LV VKXW RII ZKHQ WLPH VHW LQ 3Uï ëèí KDV
HODSVHG DIWHU VWDUW VLJQDO KDG VZLWFKHG RIIï

êô :KHQ WKH 3Uï ëèí YDOXH LV åååå IRU (èíí WKH

IXQFWLRQV RI WHUPLQDOV 67)ñ 675 FKDQJH DV

LQGLFDWHG EHORZï

67) ðððððð6WDUW VLJQDOñ

675 ððððð 5RWDWLRQ GLUHFWLRQ VLJQDO

67) 675 ,QYHUWHU 2SHUDWLQJ 6WDWXV

2)) 2))

2)) 21
6WRS

21 2)) )RUZDUG URWDWLRQ

21 21 5HYHUVH URWDWLRQ

éô :KHQ WKH 3Uï ëèí YDOXH LV EHWZHHQ ìííí WR ììíí

VHFRQGVï IRU (èíí ñ WKH IXQFWLRQV RI WHUPLQDOV

67)ñ 675 DUH WKH VDPH DV ZKHQ 3Uï ëèí  ååååï

7KH ZD\ RI VWRSSLQJ ZKHQ WKH VWDUW VLJQDO WXUQV RII

LV WR VKXW RII WKH RXWSXW õFRDVWLQJ WR VWRSô DIWHU

õ 3Uï ëèí VHWWLQJ ð ìííí VHFRQGVïôï

1RWHã ìï 7KH 581 VLJQDO VZLWFKHV RII ZKHQ WKH

RXWSXW VWRSVï

ëï :KHQ WKH VWDUW VLJQDO LV VZLWFKHG RQ

DJDLQ GXULQJ PRWRU FRDVWLQJñ WKH PRWRU

VWDUWV DW í+]ï

êï :KHQ 3Uï ëèí  íñ RXWSXW LV VKXW RII LQ

WKH VKRUWHVW WLPHï
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ìèä

ìïçïéí 3RZHU IDLOXUH VWRS IXQFWLRQ > 3Uï ëçì WR ëçç@ $èíí

:KHQ DQ LQVWDQWDQHRXV SRZHU IDLOXUH RU

XQGHUYROWDJH RFFXUVñ WKH LQYHUWHU FDQ EH GHFHOHUDWHG

WR D VWRSï

5HPRYH WKH MXPSHU IURP DFURVV WHUPLQDOV 5ð5ì õ/ìð

/ììô DQG 6ð6ì õ/ëð /ëìô DQG FRQQHFW WKH FRQWURO

FLUFXLW WHUPLQDOV 5ìð3 õ/ììð òôDQG 6ìð1 õ/ëìð ðô WR
URXWH WKH SRZHU VXSSO\ ZLULQJ RI WKH RWKHU V\VWHPï

7LPH õWô

3RZHU VXSSO\

2XWSXW
IUHTXHQF\

6ZLWFKðRYHU
IUHTXHQF\

6XEWUDFWHG
IUHTXHQF\

3RZHUðIDLOXUH GHFHOHUDWLRQ WLPH ì

3RZHUðIDLOXUH
GHFHOHUDWLRQ WLPH ë

3Uï ëçç

3Uï ëçë

3Uï ëçé

3Uï ëçè

3DUDPHWHU

1XPEHU
1DPH 6HW 9DOXH 'HVFULSWLRQ

)DFWRU\

6HWWLQJ

í
&RDVWLQJ WR VWRSï

:KHQ XQGHUYROWDJH RU SRZHU IDLOXUH RFFXUVñ WKH LQYHUWHU RXWSXW LV VKXW RIIï
{

ëçì
3RZHU IDLOXUH

VWRS VHOHFWLRQ
ì

:KHQ XQGHUYROWDJH RU SRZHU IDLOXUH RFFXUVñ WKH LQYHUWHU LV GHFHOHUDWHG WR D

VWRSï
�

ëçë

6XEWUDFWHG

IUHTXHQF\ DW

GHFHOHUDWLRQ

VWDUW

í WR ëí+]

1RUPDOO\ñ RSHUDWLRQ FDQ EH SHUIRUPHG ZLWK WKH IDFWRU\ VHWWLQJ XQFKDQJHGï 7KH

IUHTXHQF\ FDQ EH DGMXVWHG ZLWKLQ WKH UDQJH í WR ëí+] DFFRUGLQJ WR WKH ORDG

VSHFLILFDWLRQV õLQHUWLD PRPHQWñ WRUTXHôï

ê+]

í WR ìëí+]

,I WKH RXWSXW IUHTXHQF\ DW RFFXUUHQFH RI XQGHUYROWDJH RU SRZHU IDLOXUH LV HTXDO

WR RU JUHDWHU WKDQ WKH IUHTXHQF\ VHW LQ 3Uï ëçêñ GHFHOHUDWLRQ VWDUWV DW WKH

YDOXH IRXQG E\ VXEWUDFWLQJ WKH IUHTXHQF\ VHW LQ 3Uï ëçë IURP WKH RXWSXW

IUHTXHQF\ DW WKDW WLPHï ,I WKH RXWSXW IUHTXHQF\ DW RFFXUUHQFH RI XQGHUYROWDJH

RU SRZHU IDLOXUH LV OHVV WKDQ WKH IUHTXHQF\ VHW LQ 3Uï ëçêñ WKH LQYHUWHU LV

GHFHOHUDWHG WR D VWRSñ VWDUWLQJ DW WKH RXWSXW IUHTXHQF\ DW WKDW WLPHï

çí+]

ëçê

6XEWUDFWLRQ

VWDUWLQJ

IUHTXHQF\

ääää

7KH LQYHUWHU LV GHFHOHUDWHG WR D VWRSñ VWDUWLQJ DW WKH YDOXH IRXQG E\ VXEWUDFWLQJ

WKH IUHTXHQF\ VHW LQ 3Uï ëçë IURP WKH RXWSXW IUHTXHQF\ DW RFFXUUHQFH RI

XQGHUYROWDJH RU SRZHU IDLOXUHï

�

í WR êçíí V

õ 3Uï ëì íô
ëçé

3RZHUðIDLOXUH

GHFHOHUDWLRQ

WLPH ì
í WR êçí V

õ 3Uï ëì ìô

6HW D GHFHOHUDWLRQ VORSH GRZQ WR WKH IUHTXHQF\ VHW LQ 3Uï ëççï 6HW WKH VORSH

LQ WHUPV RI WLPH UHTXLUHG IRU GHFHOHUDWLRQ IURP WKH IUHTXHQF\ VHW LQ 3Uï ëí WR

í+]ï

è V

í WR êçíí V

õ 3Uï ëì íô

í WR êçí V

õ 3Uï ëì ìô

6HW D GHFHOHUDWLRQ VORSH EHORZ WKH IUHTXHQF\ VHW LQ 3Uï ëççï 6HW WKH VORSH LQ

WHUPV RI WLPH UHTXLUHG IRU GHFHOHUDWLRQ IURP WKH IUHTXHQF\ VHW LQ 3Uï ëí WR

í+]ï

�
ëçè

3RZHUðIDLOXUH

GHFHOHUDWLRQ

WLPH ë

ääää 6DPH VORSH DV LQ 3Uï ëçé {

ëçç

3RZHUðIDLOXUH

GHFHOHUDWLRQ

WLPH VZLWFKð

RYHU IUHTXHQF\

í WR éíí+]
6HW WKH IUHTXHQF\ DW ZKLFK WKH GHFHOHUDWLRQ VORSH LV VZLWFKHG IURP WKH 3Uï

ëçé VHWWLQJ WR WKH 3Uï ëçè VHWWLQJï
çí+]

1RWHã ìï 7KLV IXQFWLRQ LV LQYDOLG ZKHQ WKH DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH IXQFWLRQ LV

DFWLYDWHGï

ëï ,I õRXWSXW IUHTXHQF\ DW RFFXUUHQFH RI XQGHUYROWDJH RU SRZHU IDLOXUHô PLQXV õIUHTXHQF\ VHW LQ

3Uï ëçëô LV QHJDWLYHñ WKH FDOFXODWLRQ UHVXOW LV UHJDUGHG DV í+]ï

êï 7KH SRZHU IDLOXUH VWRS IXQFWLRQ LV QRW DFWLYDWHG GXULQJ D VWRS RU HUURUï

éï ,I SRZHU LV UHVWRUHG GXULQJ GHFHOHUDWLRQñ WKH LQYHUWHU LV NHSW GHFHOHUDWLQJ WR D VWRSï

7R UHVWDUWñ VZLWFK RII WKH VWDUW VLJQDO RQFHñ WKHQ VZLWFK LW RQ DJDLQï

èï :KHQ WKH KLJK SRZHU IDFWRU FRQYHUWHU LV XVHG õ 3Uï êí  ëôñ WKLV IXQFWLRQ LV PDGH LQYDOLGï

çï ,I SRZHUðIDLOXUH GHFHOHUDWLRQ RSHUDWLRQ LV VHWñ VRPH ORDGV PD\ FDXVH WKH LQYHUWHU WR WULS DQG WKH

PRWRU WR FRDVWï

,I HQRXJK UHJHQHUDWLYH HQHUJ\ LV QRW JLYHQ E\ WKH PRWRUñ WKH PRWRU ZLOO FRDVWï
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ìçí

ìïçïéì 6WRSðRQðFRQWDFWñ ORDG WRUTXH KLJKðVSHHG IUHTXHQF\ VHOHFWLRQ
> 3Uï ëæí@ $èíí

7KLV IXQFWLRQ LV XVHG WR VHOHFW VWRSðRQðFRQWDFW

FRQWURO DQGîRU ORDG WRUTXH KLJKðVSHHG IUHTXHQF\

FRQWUROï

)RU WKH RSHUDWLRQ DQG RWKHU LQIRUPDWLRQ RI WKH

FRUUHVSRQGLQJ IXQFWLRQVñ UHIHU WR WKHLU GHWDLOHG

GHVFULSWLRQVï

3Uï ëæí

6HWWLQJ

/RDG 7RUTXH +LJKð

6SHHG )UHTXHQF\

&RQWURO

õ;ìäô

6WRSð2Qð

&RQWDFW

&RQWURO

õ5/ñ 57ô

0XOWLð6SHHGV

õæ VSHHGVô

õ5+ñ 50ñ 5/ô

í u u {

ì u { {

ë { u {

ê { { {

�8QGHU WKH IROORZLQJ FRQGLWLRQVñ WKH IXQFWLRQV RI

3Uï ëæí VHWWLQJV ûì WR êû DUH PDGH LQYDOLGã

� 38 RSHUDWLRQ

� 3URJUDPPHG RSHUDWLRQ

� 38 ò H[WHUQDO FRPELQHG

� 3,' FRQWURO

� 5HPRWH VHWWLQJ IXQFWLRQ PRGH

� 2ULHQWDWLRQ FRQWURO õRSWLRQ )5ð$è$5ô

� -RJ RSHUDWLRQ õFRPPRQ WR 38 DQG H[WHUQDO

RSHUDWLRQVô

ìïçïéë /RDG WRUTXH KLJKðVSHHG IUHTXHQF\ FRQWURO
> 3Uï éñèñëæí WR ëæé@ $èíí

7KLV IXQFWLRQ LV GHVLJQHG WR LQFUHDVH VSHHG

DXWRPDWLFDOO\ XQGHU OLJKW ORDGñ IRU H[DPSOH WR

PLQLPL]H WKH LQFRPLQJîRXWJRLQJ WLPH LQ D PXOWLðVWRU\

SDUNLQJ ORWï 0RUH VSHFLILFDOO\ñ WKH PDJQLWXGH RI WKH

ORDG LV MXGJHG DFFRUGLQJ WR WKH DYHUDJH FXUUHQW DW D

FHUWDLQ WLPH DIWHU VWDUWLQJ WR SHUIRUP RSHUDWLRQ DW

KLJKHU WKDQ WKH SUHVHW IUHTXHQF\ XQGHU OLJKW ORDGï

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ
5HPDUNV

é +LJKðVSHHG IUHTXHQF\ í WR éíí+] íïíì+] çí+] $Q\ YDOXH VHW DERYH ìëí+] LV UHJDUGHG DV ìëí+]ï

è
0LGGOHðVSHHG

IUHTXHQF\
í WR éíí+] íïíì+] êí+] $Q\ YDOXH VHW DERYH ìëí+] LV UHJDUGHG DV ìëí+]ï

ëæí

6WRSðRQðFRQWDFWñ ORDG

WRUTXH KLJKðVSHHG

IUHTXHQF\ VHOHFWLRQ

íñ ìñ ëñ ê ì í
6HW ûëû RU ûêû WR VHOHFW ORDG WRUTXH KLJKðVSHHG

IUHTXHQF\ FRQWUROï

ëæì
+LJKðVSHHG VHWWLQJ

PD[LPXP FXUUHQW
í WR ëííø íïìø èíø

ëæë
/RZðVSHHG VHWWLQJ

PD[LPXP FXUUHQW
í WR ëííø íïìø ìííø

ëæê
&XUUHQW DYHUDJLQJ

UDQJH

í WR éíí+]ñ

ääää
íïíì+] ääää

ëæé
&XUUHQW DYHUDJLQJ

ILOWHU FRQVWDQW
ì WR éííí ì ìç

6HW WKH WLPH FRQVWDQW RI WKH SULPDU\ GHOD\ ILOWHU ZLWK

UHVSHFW WR WKH RXWSXW FXUUHQWï

õ7LPH FRQVWDQW >PV@  íïæè u 3Uï ëæéô

$ ODUJHU VHW YDOXH SURYLGHV KLJKHU VWDELOLW\ EXW ORZHUV

UHVSRQVH OHYHOï
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:KHQ WKH ;ìä VLJQDO õORDG GHWHFWLRQ KLJKðVSHHG

IUHTXHQF\ IXQFWLRQ VHOHFWLRQô LV WXUQHG RQ WR VWDUW

RSHUDWLRQ ZLWK ë RU ê VHW LQ 3Uï ëæí õVWRSðRQðFRQWDFWñ

ORDG WRUTXH KLJKðVSHHG IUHTXHQF\ VHOHFWLRQôñ WKH

LQYHUWHU DXWRPDWLFDOO\ YDULHV WKH PD[LPXP IUHTXHQF\

EHWZHHQ 3Uï é DQG 3Uï è VHWWLQJV DFFRUGLQJ WR WKH

DYHUDJH FXUUHQW IORZLQJ GXULQJ DFFHOHUDWLRQ IURP KDOI

RI WKH IUHTXHQF\ RI WKH 3Uï è VHWWLQJ WR WKH IUHTXHQF\

VHW LQ 3Uï èï õ7KLV IXQFWLRQ LV LQYDOLG IRU DFFHOHUDWLRQ

VWRSSHG PLGZD\ RU D UHJHQHUDWLYH ORDGïô

:KHQ WKH YDOXH VHW LQ 3Uï ëæê LV RWKHU WKDQ ääääñ

WKH DYHUDJH FXUUHQW LV WKH DYHUDJH RI FXUUHQWV GXULQJ

DFFHOHUDWLRQ IURP KDOI RI WKH IUHTXHQF\ RI WKH 3Uï ëæê

VHWWLQJ WR WKH IUHTXHQF\ VHW LQ 3Uï ëæêï

õçí+]ô 3Uï é

õêí+]ô 3Uï è

3Uï ëæì
õèíøô

3Uï ëæë
õìííøô

)UHTXHQF\

$YHUDJH RI FXUUHQWV
)DFWRU\ VHWWLQJV LQ SDUHQWKHVHV

)UHTXHQF\ YVï $YHUDJH &XUUHQW

1RWHã ìï ,I WKH FXUUHQW DYHUDJLQJ DUHD LQFOXGHV WKH

FRQVWDQWðRXWSXW UHJLRQñ WKH RXWSXW FXUUHQW

PD\ LQFUHDVH LQ WKH FRQVWDQWðRXWSXW UHJLRQï

ëï 1RWH WKDW ZKHQ WKH FXUUHQW LV VPDOOñ WKH

IUHTXHQF\ ULVHV DQG WKH GHFHOHUDWLRQ WLPH

LQFUHDVHVï

u 3Uï è

3Uï è

ì
ë

67)
õ675ô

&6

21

2))

u 3Uï è
ì
ë

3Uï è

3Uï é

$YHUDJH FXUUHQW OHVV WKDQ
3Uï ëæì DQG GULYHQ ORDG

$YHUDJH FXUUHQW QRW OHVV WKDQ
3Uï ëæë RU UHJHQHUDWLYH ORDG

/RDG 7RUTXH +LJKð6SHHG )UHTXHQF\ &RQWURO 2SHUDWLRQ ([DPSOH

1RWHã :KHQ WHUPLQDO &6 DQG PXOWLðVSHHG WHUPLQDO DUH WXUQHG RQ DW WKH VDPH WLPHñ RSHUDWLRQ LV SHUIRUPHG LQ

DFFRUGDQFH ZLWK WKH PXOWLðVSHHG VHWWLQJï

:KHQ WKLV IXQFWLRQ LV VHOHFWHGñ WKH IDVWðUHVSRQVH

FXUUHQW OLPLW IXQFWLRQ LV QRW DFWLYDWHGï

7KLV IXQFWLRQ LV DFWLYDWHG DW HYHU\ VWDUWï 7KHUHIRUHñ

QRWH WKDW WKH UXQQLQJ VSHHG FKDQJHV ZLWK HYHU\

GLIIHUHQW ORDG PDJQLWXGHï

�8QGHU WKH IROORZLQJ FRQGLWLRQVñ WKH ORDG WRUTXH

KLJKðVSHHG IUHTXHQF\ FRQWURO IXQFWLRQ LV PDGH

LQYDOLGã

� 38 RSHUDWLRQ

� 0XOWLðVSHHG RSHUDWLRQ

� 3URJUDPPHG RSHUDWLRQ

� 38 ò H[WHUQDO FRPELQHG

� 3,' FRQWURO

� 5HPRWH VHWWLQJ IXQFWLRQ PRGH

� 2ULHQWDWLRQ FRQWURO õZLWK )5ð$è$5 LQERDUG

RSWLRQô

� ìëðELW GLJLWDO VSHHG LQSXW õZLWK )5ð$è$; LQERDUG

RSWLRQô

� -RJ RSHUDWLRQ õFRPPRQ WR 38 DQG H[WHUQDO

RSHUDWLRQVô
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ìçë

ìïçïéê 6WRSðRQðFRQWDFW FRQWURO > 3Uï çñëæíñëæèñëæç@ $èíí

7R HQVXUH DFFXUDWH SRVLWLRQLQJ DW WKH XSSHU OLPLW HWFï

RI D OLIWñ VWRSðRQðFRQWDFW FRQWURO FDXVHV D PHFKDQLFDO

EUDNH WR EH FORVHG ZKLOH WKH PRWRU LV GHYHORSLQJ D

KROGLQJ WRUTXH WR NHHS WKH ORDG LQ FRQWDFW ZLWK D

PHFKDQLFDO VWRSSHU HWFï

7KLV IXQFWLRQ VXSSUHVVHV YLEUDWLRQ ZKLFK LV OLDEOH WR

RFFXU ZKHQ WKH ORDG LV VWRSSHG XSRQ FRQWDFW LQ

YHUWLFDO PRWLRQ DSSOLFDWLRQVñ HQVXULQJ VWHDG\ SUHFLVH

SRVLWLRQLQJï

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH

0LQLPXP

6HWWLQJ

,QFUHPHQWV

)DFWRU\

6HWWLQJ
5HPDUNV

ç /RZðVSHHG IUHTXHQF\ í WR éíí+] íïíì+] ìí+]

$FWLYDWHG DV RXWSXW IUHTXHQF\ IRU VWRSðRQðFRQWDFW

FRQWUROï

6HWWLQJ RI DERYH êí+] LV UHJDUGHG DV êí+]ï

ëæí

6WRSðRQðFRQWDFWñ ORDG

WRUTXH KLJKðVSHHG

IUHTXHQF\ VHOHFWLRQ

íñ ìñ ëñ ê ì í 6HW ûìû RU ûêû WR FKRRVH VWRSðRQðFRQWDFW FRQWUROï

ëæè

6WRSðRQðFRQWDFW

H[FLWLQJ FXUUHQW

ORZðVSHHG PXOWLSO\LQJ

IDFWRU

í WR ìíííøñ

ääää
ìø ääää

9DOLG IRU DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWUROï

6HW ûääääû WR PDNH WKLV IXQFWLRQ LQYDOLGï

ëæç
6WRSðRQðFRQWDFW 3:0

FDUULHU IUHTXHQF\

í WR ìèñ

ääää
ì ääää

9DOLG DW RXWSXW IUHTXHQF\ RI ê+] RU OHVVï

6HW ûääääû WR PDNH WKLV IXQFWLRQ LQYDOLGï

:KHQ VHOHFWHGñ VWRSðRQðFRQWDFW FRQWURO LV

H[HUFLVHG E\ WXUQLQJ RQ WKH 5/ DQG 57 VLJQDOV DW

WKH VDPH WLPHï $OVRñ DGYDQFHG PDJQHWLF IOX[

YHFWRU FRQWURO PXVW EH VHOHFWHGï

7KH IUHTXHQF\ IRU VWRSðRQðFRQWDFW VKRXOG EH DV

ORZ DV SRVVLEOH õDERXW ë+]ôï 7KH VHWWLQJ RI RYHU

êí+] LV UHJDUGHG DV êí+]ï :KHQ VWRSðRQð

FRQWDFW FRQWURO LV H[HUFLVHG DW WKH WLPH RI 3/*

IHHGEDFN FRQWUROñ 3/* IHHGEDFN FRQWURO LV

RYHUULGGHQ E\ WKH VWRSðRQðFRQWDFW FRQWURO PRGHï

6WRSðRQðFRQWDFW FRQWURO FDQ LQFUHDVH ORZðVSHHG

H[FLWDWLRQ IRU DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWURO DQG LQFUHDVH WRUTXHï 1RUPDOO\ VHW LW

EHWZHHQ ìêí DQG åíøï $ WRR ODUJH VHWWLQJ PD\

FDXVH DQ RYHUFXUUHQW õ2&7ô DODUP WR RFFXU PRUH

HDVLO\ RU WKH PDFKLQH WR YLEUDWH LQ D VWRSðRQð

FRQWDFW VWDWXVï

8QOLNH WKH VHUYRðORFN IXQFWLRQñ WKH VWRSðRQð

FRQWDFW IXQFWLRQ FDQQRW VWRS DQG KROG D ORDG IRU D

ORQJ WLPHï 6WRSðRQðFRQWDFW FRQWURO FRQWLQXHG IRU

DQ H[WHQGHG SHULRG FDQ FDXVH PRWRU RYHUKHDWï

7KHUHIRUHñ DIWHU D VWRSñ LPPHGLDWHO\ KROG WKH ORDG

ZLWK D PHFKDQLFDO EUDNHï

)RU VWRSðRQðFRQWDFW GXULQJ WUDYHUVLQJñ RSHUDWLRQ

FDQ EH SHUIRUPHG ZLWK WKH LQYHUWHUöV FXUUHQW OLPLW

YDOXH UHGXFHGï

�8QGHU WKH IROORZLQJ FRQGLWLRQVñ WKH VWRSðRQðFRQWDFW

FRQWURO IXQFWLRQ LV PDGH LQYDOLGã

� 38 RSHUDWLRQ

� 3URJUDPPHG RSHUDWLRQ

� 38 ò H[WHUQDO FRPELQHG

� 3,' FRQWURO

� 5HPRWH VHWWLQJ IXQFWLRQ PRGH

� 2ULHQWDWLRQ FRQWURO õZLWK )5ð$è$5 LQERDUG RSWLRQô

� -RJ RSHUDWLRQ õFRPPRQ WR 38 DQG H[WHUQDO

RSHUDWLRQVô

3Uï é

3Uï è

3Uï ç

í

5+

50

5/

57

21
2))
21
2))
21
2))
21
2))

2XWSXW IUHTXHQF\

2UGLQDU\
PRGH

6WRSðRQðFRQWDFW
FRQWURO PRGH

$V LQ 3Uï æ $V LQ 3Uï å $V LQ 3Uï éé õ 3Uï éèô

7LPH õWô

6ZLWFKHG WR VWRSðRQðFRQWDFW FRQWURO PRGH
ZKHQ ERWK 5/ DQG 57 WXUQ RQï

õ5/ DQG 57 PD\ EH WXUQHG RQ
LQ DQ\ VHTXHQFH ZLWK DQ\ GHOD\ EHWZHHQ WKHPô

6WRSðRQð&RQWDFW &RQWURO 0RGH 6ZLWFKð2YHU 7LPLQJ

&KDUW



63(&,),&$7,216

ìçê

$

3Uï ç ëíðêí+]

$ u 3Uï ëæè

ìííø

ìêíø

([FLWDWLRQ PXOWLSO\LQJ IDFWRU

)UHTXHQF\

6WRSðRQð&RQWDFW ([FLWDWLRQ 0XOWLSO\LQJ )DFWRU ([DPSOH

2SHUDWLRQ 0RGH õ([WHUQDOô 2UGLQDU\ 2SHUDWLRQ 6WRSðRQð&RQWDFW &RQWURO

5/ 57 5/ 575/ñ 57 WHUPLQDOV

0DLQ IXQFWLRQ (LWKHU LV 2)) 21 21

5HPDUNV

2XWSXW IUHTXHQF\ IRU D VWRS

RQ FRQWDFW

0XOWLðVSHHGV

í WR è9ñ í WR ìí9

é WR ëíP$

3Uï ûORZðVSHHG IUHTXHQF\û

6WDOO SUHYHQWLRQ RSHUDWLRQ

OHYHO

3Uï ëë õVWDOO SUHYHQWLRQ

RSHUDWLRQ OHYHOô

3Uï éå

õVHFRQG VWDOO SUHYHQWLRQ RSHUDWLRQ FXUUHQWô

:KHQ 5/ DQG 57 DUH RQñ

3Uï éä õVHFRQG VWDOO SUHYHQWLRQ

RSHUDWLRQ IUHTXHQF\ô LV LQYDOLGï

([FLWLQJ FXUUHQW ORZðVSHHG

PXOWLSO\LQJ IDFWRU

7KH FXUUHQW LV FRPSHQVDWHG IRU E\ WKH

PXOWLSO\LQJ IDFWRU õí WR ìíííøô VHW LQ

3Uï ëæè EHIRUH 5/ DQG 57 DUH VZLWFKHG

RQï

&DUULHU IUHTXHQF\
3Uï æë û3:0 IUHTXHQF\

VHOHFWLRQûõí WR ìèô

3Uï ëæç õVWRSðRQðFRQWDFW 3:0 FDUULHU

IUHTXHQF\ô õí WR ìèñ ääääô

)DVWðUHVSRQVH FXUUHQW OLPLW <HV 1R

ìïçïéé %UDNH VHTXHQFH FLUFXLW IXQFWLRQ > 3Uï çíñëæå WR ëåè@ $èíí

7KLV IXQFWLRQ RXWSXWV D EUDNH FRQWURO VLJQDO IURP WKH

LQYHUWHU WR RSHUDWH WKH PHFKDQLFDO EUDNH DW D SURSHU

WLPHï

7R DFWLYDWH WKLV IXQFWLRQñ \RX FDQ HLWKHU LQSXW RU QRW

LQSXW WKH PHFKDQLFDO EUDNH RSHUDWLRQ FRQILUPDWLRQ

VLJQDO WR WKH LQYHUWHUï

1RWH WKDW WKLV IXQFWLRQ LV RQO\ YDOLG IRU WKH H[WHUQDO

RSHUDWLRQ XQGHU DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWURO ZKLFK LV WKH PRVW DSSURSULDWH IRU YHUWLFDO OLIW

DSSOLFDWLRQVñ DQG FDQQRW EH XVHG IRU 9î) FRQWUROï

3DUDPHWHU

1XPEHU
1DPH 6HWWLQJ 5DQJH ,QFUHPHQWV

)DFWRU\

6HWWLQJ
5HPDUNV

çí ,QWHOOLJHQW PRGH VHOHFWLRQ í WR å ì í æñ åã %UDNH VHTXHQFH

ëæå %UDNH RSHQLQJ IUHTXHQF\ í WR êí+] íïíì+] ê+]

ëæä %UDNH RSHQLQJ FXUUHQW í WR ëííø íïìø ìêíø 5DWHG LQYHUWHU FXUUHQW  ìííø

ëåí
%UDNH RSHQLQJ FXUUHQW GHWHFWLRQ

WLPH
í WR ë V íïì V íïê V

ëåì %UDNH RSHUDWLRQ WLPH DW VWDUW í WR è V íïì V íïê V

ëåë %UDNH RSHUDWLRQ IUHTXHQF\ í WR êí+] íïíì+] ç+] &DQ EH VHW RQO\ ZKHQ 3Uï ëåë t 3Uï ëæåï

ëåê %UDNH RSHUDWLRQ WLPH DW VWRS í WR è V íïì V íïê V

ëåé
'HFHOHUDWLRQ VSHHG GHWHFWLRQ

IXQFWLRQ VHOHFWLRQ
íñ ì ì í íã 1RW VHOHFWHGñ ìã 6HOHFWHG

ëåè

õ1RWHô
2YHUVSHHG GHWHFWLRQ IUHTXHQF\

í WR êí+]ñ

ääää
íïíì+] ääää ääääã 2YHUVSHHG QRW GHWHFWHG

1RWHã 0DGH YDOLG IRU 3/* IHHGEDFN FRQWURO õZLWK )5ð$è$3 LQERDUG RSWLRQôï
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õìô 2SHUDWLRQ

ìô :KHQ PHFKDQLFDO EUDNH RSHUDWLRQ FRQILUPDWLRQ

VLJQDO LV LQSXWï

)LUVW FKRRVH DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWUROï 6HW ûæû LQ 3Uï çí DQG HQWHU WKH EUDNH

RSHQLQJ FRPSOHWLRQ VLJQDO IURP %5,ï 7KH EUDNH

RSHQLQJ UHTXHVW LV RXWSXW IURP %2)ï õ)RU

ZLULQJñ UHIHU WR WKH ILJXUH RQ WKH ULJKWïô

:KHQ WKH VWDUW VLJQDO LV LQSXW IRUP WKH LQYHUWHUñ

RXWSXW EHJLQV DW WKH VWDUWLQJ IUHTXHQF\ï :KHQ

WKH EUDNH RSHQLQJ IUHTXHQF\ VHW LQ 3Uï ëæå LV

UHDFKHG DQG WKH RXWSXW FXUUHQW H[FHHGV WKH

EUDNH RSHQLQJ FXUUHQW VHW LQ 3Uï ëæäñ WKH EUDNH

RSHQLQJ UHTXHVW LV RXWSXW IURP %2) DIWHU WKH

EUDNH RSHQLQJ FXUUHQW GHWHFWLRQ WLPH VHW LQ

3Uï ëåí KDV HODSVHGï

:KHQ WKH EUDNH RSHQLQJ FRPSOHWLRQ VLJQDO LV

LQSXW IURP %5,ñ DFFHOHUDWLRQ LV UHVWDUWHG DIWHU

WKH VWDUWðWLPH EUDNH RSHUDWLRQ WLPH VHW LQ

3Uï ëåì KDV HODSVHGï

5 õ/ìô 8

6 õ/ëô 9

7 õ/êô :

0&

67)

5+

%5,

6'

%2)

6(

0&ðD 0&

'&ëé96WDUW VLJQDO

0XOWLðVSHHG VLJQDO

%UDNH RSHQLQJ
FRPSOHWLRQ VLJQDO

0HFKDQLFDO

EUDNH

0RWRU

%UDNH UHOHDVH
UHTXHVW õ1RWHô

1RWHã 1RWH WKH SHUPLVVLEOH FXUUHQW RI WKH LQYHUWHUöV LQWHUQDO WUDQVLVWRUï

%UDNH 6HTXHQFH &LUFXLW &RQQHFWLRQ ([DPSOH

$W D VWRSñ WKH EUDNH RSHQLQJ UHTXHVW õ%2)ô LV

WXUQHG RII ZKHQ VSHHG LV GHFUHDVHG GRZQ WR

WKH EUDNH FORVLQJ IUHTXHQF\ VHW LQ 3Uï ëåëï 7KH

LQYHUWHU VWRSV ZKHQ WKH VWRSðWLPH EUDNH

RSHUDWLRQ WLPH VHW LQ 3Uï ëåê HODSVHV DIWHU WKH

EUDNH RSHQLQJ FRPSOHWLRQ VLJQDO õ%5,ô KDV

WXUQHG RIIï

67)
21

21

3Uï ìê

3Uï ëåë

21õ%2)ô

õ%5,ô

3Uï ëæå

3Uï ëåì

3Uï ëæå

3Uï ëåê

2))

2))

2))

3Uï ëæä

2))

2))

2))

7DUJHW IUHTXHQF\

2XWSXW IUHTXHQF\ í

2XWSXW FXUUHQW YDOXH

%UDNH RSHQLQJ UHTXHVW

0HFKDQLFDO RSHUDWLRQ RI
HOHFWURPDJQHWLF EUDNH &ORVHG

2SHQHG

7LPH õWô

%UDNH RSHQLQJ FRPSOHWLRQ VLJQDO

&ORVHG

3Uï ëåí

%UDNH 6HTXHQFH 2SHUDWLRQ 7LPLQJ &KDUW õZKHQ RSHUDWLRQ FRQILUPDWLRQ VLJQDO LV SURYLGHGô
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ëô :KHQ PHFKDQLFDO EUDNH RSHUDWLRQ FRQILUPDWLRQ

VLJQDO LV QRW LQSXWï

2SHUDWLRQ LV VLPLODU WR WKH RSHUDWLRQ SHUIRUPHG

ZKHQ WKH PHFKDQLFDO EUDNH RSHUDWLRQ

FRQILUPDWLRQ VLJQDO LV LQSXWï

)RU RSHUDWLRQñ UHIHU WR WKH RSHUDWLRQ WLPLQJ

FKDUWï

67)
21

21

3Uï ìê

3Uï ëåë

õ%2)ô

3Uï ëæå

3Uï ëåì

3Uï ëæå

3Uï ëåê

2))

2))

3Uï ëæä

2))

2))

7DUJHW IUHTXHQF\

2XWSXW IUHTXHQF\ í

2XWSXW FXUUHQW YDOXH

%UDNH RSHQLQJ UHTXHVW

0HFKDQLFDO RSHUDWLRQ RI
HOHFWURPDJQHWLF EUDNH &ORVHG

2SHQHG

7LPH õWô

&ORVHG

3Uï ëåí

%UDNH 6HTXHQFH 2SHUDWLRQ 7LPLQJ &KDUW õZKHQ RSHUDWLRQ FRQILUPDWLRQ VLJQDO LV QRW SURYLGHGô

õëô ,QVWUXFWLRQV

:KHQ WKH FRLO RI WKH PDJQHWLF FRQWDFWRU IRU WKH

EUDNH LV FRQQHFWHG WR WKH RXWSXW VLJQDO õ%2)ô RI

WKH LQYHUWHUñ WDNH FDUH VR WKDW WKH SHUPLVVLEOH

FXUUHQW RI WKH LQYHUWHUöV WUDQVLVWRU RXWSXW VKRXOG

QRW EH H[FHHGHGï ,I LW LV H[FHHGHGñ FRQVLGHU WDNLQJ

DFWLRQ E\ XVLQJ D FRPPHUFLDOO\ DYDLODEOH UHOD\ñ IRU

H[DPSOHï 1RWH WKDW WKH FRLOV RI WKH UHOD\ DQG

PDJQHWLF FRQWDFWRU PXVW EH FRQQHFWHG ZLWK VXUJH

VXSSUHVVRUVï

7KLV IXQFWLRQ LV PDGH YDOLG RQO\ ZKHQ DGYDQFHG

PDJQHWLF IOX[ YHFWRU FRQWURO LV VHOHFWHG DQG

H[WHUQDO RSHUDWLRQ LV SHUIRUPHGï $V LW LV LQYDOLG

ZKHQ WKH FRQYHQWLRQDO 9î) FRQWURO V\VWHP LV

VHOHFWHGñ FDUHIXOO\ FKHFN WKH 3Uï åí DQG 3Uï åì

VHWWLQJVï $OVR ZKHQ WKLV IXQFWLRQ LV VHOHFWHGñ WKH

IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV

SRZHU IDLOXUH LV QRW DFWLYDWHGï

õêô3URWHFWLYH IXQFWLRQV

,I DQ\ RI WKH IROORZLQJ HUURUV RFFXU LQ WKH EUDNH

VHTXHQFH PRGHñ WKH LQYHUWHU UHVXOWV LQ DQ DODUPñ

VKXWV RII WKH RXWSXW DQG VZLWFKHV RII WKH EUDNH

RSHQLQJ UHTXHVW VLJQDO õ%2) WHUPLQDOôï

2Q WKH RSHUDWLRQ SDQHO õ)5ð'8íéô /(' DQG

SDUDPHWHU XQLW õ)5ð38íéô VFUHHQñ WKH IROORZLQJ

HUURUV DUH GLVSOD\HGã

(UURU

'LVSOD\
(UURU 'LVSOD\

(ï0%ì õ'HWHFWHG IUHTXHQF\ô ð õRXWSXW IUHTXHQF\ô! 3Uï ëåç LQ WKH 3/* IHHGEDFN FRQWURO PRGHï õ2YHUVSHHG GHWHFWLRQ IXQFWLRQô

(ï0%ë
'HFHOHUDWLRQ LV QRW QRUPDO GXULQJ GHFHOHUDWLRQ RSHUDWLRQ õ8VH 3Uï ëåé WR VHOHFW WKLV IXQFWLRQïô õ([FHSW VWDOO SUHYHQWLRQ

RSHUDWLRQô

(ï0%ê %UDNH RSHQLQJ UHTXHVW VLJQDO õ%2)ô VZLWFKHG RQ WKRXJK WKH PRWRU LV DW D VWRSï õ*UDYLW\ GURS SUHYHQWLRQ IXQFWLRQô

(ï0%é
0RUH WKDQ ë VHFRQGV DIWHU WKH UXQ FRPPDQG õIRUZDUG RU UHYHUVH URWDWLRQô LV LQSXWñ WKH EUDNH RSHQLQJ UHTXHVW VLJQDO õ%2)ô

GRHV QRW VZLWFK RQï

(ï0%è
0RUH WKDQ ë VHFRQGV DIWHU WKH EUDNH RSHQLQJ UHTXHVW VLJQDO VZLWFKHG RQñ WKH EUDNH RSHQLQJ FRPSOHWLRQ VLJQDO õ%5,ô GRHV

QRW VZLWFK RQï

(ï0%ç
7KRXJK WKH LQYHUWHU KDG VZLWFKHG RQ WKH EUDNH RSHQLQJ UHTXHVW VLJQDO õ%2)ôñ WKH EUDNH RSHQLQJ FRPSOHWLRQ VLJQDO õ%5,ô

VZLWFKHG RII GXULQJ WKDW SHULRGï

(ï0%æ
0RUH WKDQ ë VHFRQGV DIWHU WKH EUDNH RSHQLQJ UHTXHVW VLJQDO õ%2)ô VZLWFKHG RII DW D VWRSñ WKH EUDNH RSHQLQJ FRPSOHWLRQ

VLJQDO õ%5,ô GRHV QRW VZLWFK RIIï
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ìïçïéè 'URRS FRQWURO > 3Uï ëåçñëåæ@ $èíí

7KLV IXQFWLRQ EDODQFHV WKH ORDG LQ SURSRUWLRQ WR WKH

ORDG WRUTXH ZLWK RU ZLWKRXW 3/*ñ DQG SURYLGHV VSHHG

GURRSLQJ FKDUDFWHULVWLFVï

7KLV LV HIIHFWLYH LQ EDODQFLQJ WKH ORDG ZKHQ XVLQJ

PXOWLSOH LQYHUWHUVï

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ UDQJH 'HWDLOV
)DFWRU\
6HWWLQJ

ëåç 'URRS JDLQ í WR ìííø

6HW WKH GURRSLQJ DPRXQW DW WKH UDWHG WRUTXH DV D SHUFHQWDJH
ZLWK UHVSHFW WR WKH UDWHG IUHTXHQF\ï
:KHQ WKH VHWWLQJ YDOXH LV ûíûñ WKH IXQFWLRQ ZLOO EH LQYDOLG õQR
GURRS FRQWUROôï

íø

ëåæ 'URRS ILOWHU WLPH FRQVWDQW íïíí WR ìïííV
6HW WKH WLPH FRQVWDQW RI WKH ILOWHU DSSOLHG RQ WKH WRUTXH
DPRXQW FXUUHQWï

íïê V

8QGHU DGYDQFHG PDJQHWLF ILX[ YHFWRU FRQWURO RU

XQGHU YHFWRU FRQWURO õZKHQ )5ð$è$3 LV ILWWHGôñ WKLV

IXQFWLRQ YDULHV WKH RXWSXW IUHTXHQF\ DFFRUGLQJ WR WKH

PDJQLWXGH RI WKH WRUTXH FXUUHQWï

7KH GURRSLQJ DPRXQW DW WKH UDWHG WRUTXH LV VHW E\

WKH GURRS JDLQ DV D SHUFHQWDJH XVLQJ WKH UDWHG

IUHTXHQF\ DV D UHIHUHQFHï

$PRXQW RI WRUTXH FXUUHQW DIWHU ILOWHULQJ 5DWHG IUHTXHQF\ u GURRS JDLQ
'URRS FRPSHQVDWLRQ )UHTXHQF\  

5DWHG FXUUHQW
u

ìíí

&RQILUP WKH IROORZLQJ LWHPV ZKHQ XVLQJ WKH GURRS

FRQWUROï

ìô 7KLV IXQFWLRQ LV YDOLG ZKHQ 3Uï ëåç z ûíû GXULQJ
XQEDODQFHG IOX[ YHFWRU DQG YHFWRU FRQWUROï

ëô 7KLV IXQFWLRQ LV YDOLG ZKHQ WKH RSHUDWLRQ VWDWH LV

FRQVWDQW VSHHG RSHUDWLRQï

êô 7KH XSSHU OLPLW RI WKH GURRS FRPSHQVDWLRQ

IUHTXHQF\ LV ìëí+]ï

éô 7KH UDWHG FXUUHQW ZKLFK IROORZV LV WKH YDOXH VHW LQ

3Uï ä û0RWRU UDWHG FXUUHQW õHOHFWURQLF WKHUPDO

2î/ UHOD\ôûï ìííø

)
UH
T
XH
Q
F\

õ+
]ô

'URRS FRPSHQVDWLRQ IUHTXHQF\

'URRS JDLQ

7RUTXH

'URRS &RQWURO 2SHUDWLRQ &KDUW

ìïçïéç *URXQG IDXOW GHWHFWLRQ SUHVHQFHîDEVHQFH DW VWDUW > 3Uï ëéä@ (èíí

<RX FDQ VHOHFW ZKHWKHU JURXQG IDXOW GHWHFWLRQ LV PDGH RU QRW ZKHQ VWDUWLQJ WKH LQYHUWHU õ67) HWFïôï *URXQG

IDXOW GHWHFWLRQ LV RQO\ PDGH LPPHGLDWHO\ DIWHU WKH VWDUW VLJQDO LV HQWHUHG LQWR WKH LQYHUWHUï

3DUDPHWHU
1XPEHU

1DPH 6HWWLQJ UDQJH 6HWWLQJ 'HWDLOV
)DFWRU\
6HWWLQJ

í *URXQG IDXOW GHWHFWLRQ QRW PDGHï {

ëéä
*URXQG IDXOW GHWHFWLRQ
SUHVHQFHîDEVHQFH DW VWDUW

íñ ì
ì

*URXQG IDXOW GHWHFWLRQ PDGHï
6LQFH GHWHFWLRQ LV PDGH DW D VWDUWñ DERXW ëíPV
RXWSXW GHOD\ RFFXUV DW HYHU\ VWDUWï

�

1RWHã ìï :KHQ D JURXQG IDXOW LV GHWHFWHG ZLWK ûìû VHW LQ 3Uï ëéäñ DODUP RXWSXW û(ï*)û LV GHWHFWHG DQG WKH
RXWSXW LV VKXW RIIï

ëï :KHQ D JURXQG IDXOW RFFXUV GXULQJ RSHUDWLRQñ WKH SURWHFWLYH IXQFWLRQ LV QRW DFWLYDWHGï
êï :KHQ WKH PRWRU FDSDFLW\ LV ìíí: RU OHVVñ JURXQG IDXOW SURWHFWLRQ PD\ QRW EH SURYLGHGï
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ìïçïéæ 3DUDPHWHU XQLW ODQJXDJH FKDQJHðRYHU > 3Uï ìéè@ &20021

<RX FDQ FKRRVH WKH GLVSOD\ ODQJXDJH RI WKH )5ð38íé SDUDPHWHU XQLWï

3Uï ìéè 6HWWLQJ 'LVSOD\ /DQJXDJH )DFWRU\ 6HWWLQJ

í -DSDQHVH {

ì (QJOLVK �

ë *HUPDQ �

ê )UHQFK �

é 6SDQLVK �

è ,WDOLDQ �

ç 6ZHGLVK �

æ )LQQLVK �

1RWH ã1$ DQG (& YHUVLRQ

LQYHUWHUV DUH IDFWRU\ VHW WR

ûìû õ(QJOLVKôï

ìïçïéå 3DUDPHWHU XQLW RSHUDWLRQ VRXQG VHOHFWLRQ > 3Uï ääí@ &20021

<RX FDQ VHOHFW ZKHWKHU WKH RSHUDWLRQ VRXQG ûEOLSû LV

SURYLGHG RU QRW ZKHQ WKH RSHUDWLRQ SDQHO õ)5ð'8íéô

RU SDUDPHWHU XQLW õ)5ð38íéô NH\V DUH SUHVVHGï

7KH RSHUDWLRQ SDQHO RI WKH (èíí GRHV QRW SURYLGH

WKH RSHUDWLRQ VRXQGï

3Uï ääí 6HWWLQJ .H\ 2SHUDWLRQ 6RXQG )DFWRU\ 6HWWLQJ

í 1RW SURYLGHG �

ì 3URYLGHG {

ìïçïéä /&' FRQWUDVW > 3Uï ääì@ &20021

<RX FDQ DGMXVW WKH FRQWUDVW RI WKH SDUDPHWHU XQLW

õ)5ð38íéô /&'ï &KDQJH WKH YDOXH ZLWK WKH

>83î'2:1@ NH\ WR GHVLUHG EULJKWQHVV DQG HQWHU LW

ZLWK WKH >:5,7(@ NH\ï

3Uï ääì 6HWWLQJ 'HVFULSWLRQ

í %ULJKW

WR èê õ)DFWRU\ VHWWLQJô

çê 'DUN

1RWHã ,I \RX GR QRW SUHVV WKH >:5,7(@ NH\ñ WKH /&'

FRQWUDVW VHWWLQJ LV QRW VWRUHGï
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$ï

7KH )5ð$èíí DQG )5ð(èíí VHULHV KDYH WKH IROORZLQJ

SURWHFWLYH IXQFWLRQVï :KHQ WKH SURWHFWLYH FLUFXLW LV

DFWLYDWHGñ WKH ,30 JDWH LV VKXW RII WR VWRS WKH RXWSXW

DQG SURWHFW WKH GHYLFHVï $W WKLV WLPHñ WKH RSHUDWLRQ

SDQHO õSDUDPHWHU XQLWô GLVSOD\ LV DXWRPDWLFDOO\

VZLWFKHG WR WKH FRUUHVSRQGLQJ DODUP LQGLFDWLRQ JLYHQ

EHORZ DQG WKH PRWRU LV FRDVWHG WR D VWRSï 7R UHVWDUW

WKH PRWRUñ XVH WKH UHVHW WHUPLQDO õVZLWFK RQðRII 56ð

6'ô RU VZLWFK RII LQSXW SRZHU RQFH WR UHVHW WKH

LQYHUWHUï 7KH LQYHUWHU PD\ DOVR EH UHVHW E\ WKH 38

RSHUDWLRQ SDQHOï

7KH SURWHFWLYH IXQFWLRQ OLVW LV JLYHQ EHORZï

3URWHFWLYH )XQFWLRQ /LVW

7KH IROORZLQJ SURWHFWLYH IXQFWLRQV DUH GHVLJQHG WR

SURWHFW WKH LQYHUWHU LWVHOI õH[FHSW WKH HOHFWURQLF DUH

WKHUPDO UHOD\ô DQG PD\ DOVR EH DFWLYDWHG ZKHQ WKH

LQYHUWHU KDV EHFRPH IDXOW\ï

'LVSOD\
&RUUHVSRQGLQJ

0RGHO
)XQFWLRQ 1DPH 'HVFULSWLRQ

õ2SHUDWLRQ

SDQHOô
õ3DUDPHWHU XQLWô $èíí (èíí

'XULQJ

DFFHOHUDWLRQ õ2&ìô

2F 'XULQJ $FF { {

'XULQJ

FRQVWDQW

VSHHG

õ1RWH ìô

õ2&ëô 6WHDG\ 6SG 2F

{ {

2YHUFXUUHQW VKXWðRII

0DLQ FLUFXLW GHYLFH RYHUKHDW

õ,30ô

:KHQ WKH LQYHUWHU RXWSXW FXUUHQW KDV

UHDFKHG RU H[FHHGHG DERXW ëííø RI

WKH UDWHG FXUUHQW GXULQJ

DFFHOHUDWLRQîGHFHOHUDWLRQ RU

FRQVWDQWðVSHHG RSHUDWLRQñ RU ZKHQ

WKH PDLQ FLUFXLW GHYLFH õ,30ô KDV

RYHUKHDWHG GXH WR FRROLQJ IDQ VWRSñ

RYHUORDG HWFï WKH SURWHFWLYH FLUFXLW LV

DFWLYDWHG WR VWRS WKH LQYHUWHU RXWSXWï

'XULQJ

GHFHOHUDWLRQ õ2&êô

2F 'XULQJ 'HF { {

'XULQJ

DFFHOHUDWLRQ õ29ìô

2Y 'XULQJ $FF { {

'XULQJ

FRQVWDQW

VSHHG

õ1RWH ìô

õ29ëô

6WHDG\ 6SG 2Y { {

5HJHQHUDWLYH RYHUYROWDJH

VKXWðRII

:KHQ WKH PDLQ FLUFXLW '& YROWDJH LQ

WKH LQYHUWHU KDV UHDFKHG RU

H[FHHGHG WKH VSHFLILHG YDOXH GXULQJ

DFFHOHUDWLRQîGHFHOHUDWLRQ RU

FRQVWDQWðVSHHG RSHUDWLRQ GXH WR

UHJHQHUDWLYH HQHUJ\ DW WKH WLPH RI

PRWRU EUDNLQJñ WKH SURWHFWLYH FLUFXLW

LV DFWLYDWHG WR VWRS WKH LQYHUWHU

RXWSXWï 7KLV IXQFWLRQ PD\ DOVR EH

DFWLYDWHG E\ D VXUJH YROWDJH

JHQHUDWHG LQ WKH SRZHU VXSSO\

V\VWHPï

'XULQJ

GHFHOHUDWLRQ õ29êô

2Y 'XULQJ 'HF { {

0RWRU :KHQ WKH HOHFWURQLF WKHUPDO UHOD\ EXLOW LQ WKH LQYHUWHU

GHWHFWV PRWRU RYHUKHDW GXH WR RYHUORDG RU FRROLQJ

FDSDELOLW\ UHGXFWLRQ GXULQJ FRQVWDQWðVSHHG

RSHUDWLRQñ WKH SURWHFWLYH FLUFXLW LV DFWLYDWHG WR VWRS

WKH LQYHUWHU RXWSXWï :KHQ D PXOWLðSROH PRWRU RU PRUH

WKDQ RQH PRWRU DUH GULYHQñ IRU H[DPSOHñ WKH PRWRUõVô

FDQQRW EH SURWHFWHG E\ WKH HOHFWURQLF WKHUPDO UHOD\ï

,Q WKLV FDVHñ SURYLGH D WKHUPDO UHOD\ LQ WKH LQYHUWHU

RXWSXW VLGHï

õ7+0ô

0RWRU 2YUORDG { {2YHUORDG

VKXWðRII

õHOHFWURQLF

WKHUPDO UHOD\ô

,QYHUWHU :KHQ WKH FXUUHQW PRUH WKDQ ìèíø RI WKH UDWHG

RXWSXW FXUUHQW IORZV DQG WKLV GRHV QRW UHVXOW LQ

RYHUFXUUHQW VKXWðRII õ2&ô õOHVV WKDQ ëííøôñ WKH

LQYHUVHðWLPH FKDUDFWHULVWLF DFWXDWHV WKH HOHFWURQLF

WKHUPDO UHOD\ WR SURWHFW WKH PDLQ FLUFXLW WUDQVLVWRUVñ

VWRSSLQJ WKH LQYHUWHU RXWSXWï

õ2YHUORDG LPPXQLW\ã ìèíøñ çí VHFRQGVïô

õ7+7ô

,QYï2YHUORDG { {
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'LVSOD\
&RUUHVSRQGLQJ

0RGHO
)XQFWLRQ 1DPH 'HVFULSWLRQ

õ2SHUDWLRQ

SDQHOô
õ3DUDPHWHU XQLWô $èíí (èíí

,QVWDQWDQHRXV SRZHU IDLOXUH

SURWHFWLRQ

,I D SRZHU IDLOXUH KDV RFFXUUHG LQ H[FHVV RI ìèPV

õWKLV DSSOLHV DOVR WR LQYHUWHU LQSXW VKXWðRIIôñ WKLV

IXQFWLRQ LV DFWLYDWHG WR VWRS WKH LQYHUWHU RXWSXW WR

SUHYHQW WKH FRQWURO FLUFXLW IURP RSHUDWLQJ LQFRUUHFWO\ï

$W WKLV WLPHñ WKH DODUP RXWSXW FRQWDFWV DUH RSHQHG

õDFURVV %ð&ô DQG FORVHG õDFURVV $ð&ôï

õ1RWH ìô ,I D SRZHU IDLOXUH SHUVLVWV IRU PRUH WKDQ

ìííPVñ WKH DODUP RXWSXW LV QRW SURYLGHGñ DQG LI WKH

VWDUW VLJQDO LV RQ DW WKH WLPH RI SRZHU UHVWRUDWLRQñ WKH

LQYHUWHU ZLOO UHVWDUWï õ,I D SRZHU IDLOXUH LV

LQVWDQWDQHRXV ZLWKLQ ìèPVñ WKH FRQWURO FLUFXLW

RSHUDWHV SURSHUO\ïô

õ,3)ô

,QVWï3ZUï/RVV { �

8QGHUYROWDJH SURWHFWLRQ :KHQ WKH SRZHU VXSSO\ YROWDJH RI WKH LQYHUWHU KDV

UHGXFHGñ WKH FRQWURO FLUFXLW FDQQRW RSHUDWH SURSHUO\ñ

UHVXOWLQJ LQ UHGXFHG PRWRU WRUTXH RU RYHUKHDWLQJï 7R

SUHYHQW WKLVñ LI WKH SRZHU VXSSO\ YROWDJH UHGXFHV

EHORZ DERXW ìèí9 õêíí9 IRU WKH éíí9 FODVVôñ WKLV

IXQFWLRQ VWRSV WKH LQYHUWHU RXWSXWï

õ897ô

8QGHU 9ROWDJH { �

)LQ RYHUKHDW ,I WKH FRROLQJ ILQ RYHUKHDWVñ WKH WHPSHUDWXUH VHQVRU

LV DFWLYDWHG WR VWRS WKH LQYHUWHU RXWSXWï õ),1ô

+î6LQN 2î7HPS { {

%UDNH UHVLVWRU RYHUKHDW

SURWHFWLRQ

,QYHUWHUV RI æïè. RU OHVV FRQWDLQV D EUDNH UHVLVWRUï

:KHQ WKH UHJHQHUDWLYH EUDNH GXW\ IURP WKH PRWRU

KDV UHDFKHG åèø RI WKH VSHFLILHG YDOXHñ SUHðDODUP

õ5% LQGLFDWLRQô RFFXUVï ,I WKH VSHFLILHG YDOXH LV

H[FHHGHGñ WKH EUDNH FLUFXLW RSHUDWLRQ LV VWRSSHG

WHPSRUDULO\ WR SURWHFW WKH EUDNH UHVLVWRU IURP

RYHUKHDWLQJï õ,I WKH EUDNH LV RSHUDWHG LQ WKLV VWDWHñ

UHJHQHUDWLYH RYHUYROWDJH VKXWðRII ZLOO RFFXUïô :KHQ

WKH EUDNH UHVLVWRU KDV FRROHGñ WKH EUDNH RSHUDWLRQ LV

UHVXPHGï

1R

LQGLFDWLRQ

õ
õ29êôô

1R LQGLFDWLRQ

õ5HJHQHUDWLYH

RYHUYROWDJH VKXWð

RII PD\ WDNH SDFH

LI EUDNH RSHUDWLRQ

LV SHUIRUPHG

ZKLOH SURWHFWLYH

FLUFXLW LV EHLQJ

DFWLYDWHGïô

{ �

%UDNH WUDQVLVWRU DODUP

GHWHFWLRQ

,I WKH EUDNH FLUFXLW IDXOW KDV RFFXUUHG GXH WR

GDPDJHG EUDNH WUDQVLVWRUV HWFïñ WKLV IXQFWLRQ VWRSV

WKH LQYHUWHU RXWSXWï

,Q WKLV FDVHñ WKH LQYHUWHU SRZHU PXVW EH VZLWFKHG RII

LPPHGLDWHO\ï

õ%(ô

%Uï&FWï

)DXOW

{ {

2XWSXW VLGH JURXQG IDXOW

RYHUFXUUHQW SURWHFWLRQ

7KLV IXQFWLRQ VWRSV WKH LQYHUWHU RXWSXW LI D JURXQG

IDXOW RFFXUV LQ WKH LQYHUWHUöV RXWSXW õORDGô VLGH DQG D

JURXQG IDXOW FXUUHQW IORZVï $ JURXQG IDXOW RFFXUULQJ

DW ORZ JURXQG UHVLVWDQFH PD\ DFWLYDWH WKH

RYHUFXUUHQW SURWHFWLRQ õ2&ì WR 2&êôï

*URXQG IDXOW LV GHWHFWHG DW VWDUW RQO\ IRU (èíí ï

8VH 3Uï ëéä WR VHW ZKHWKHU SURWHFWLYH IXQFWLRQ LV

DFWLYDWHG RU QRWï

õ*)ô

*URXQG )DXOW { {

([WHUQDO WKHUPDO UHOD\

RSHUDWLRQ õ1RWH êô

,I WKH H[WHUQDO WKHUPDO UHOD\ GHVLJQHG IRU PRWRU

RYHUKHDW SURWHFWLRQ RU WKH LQWHUQDOO\ PRXQWHG

WHPSHUDWXUH UHOD\ LQ WKH PRWRU VZLWFKHV RQ õUHOD\

FRQWDFWV ûRSHQûôñ WKH LQYHUWHU RXWSXW FDQ EH VWRSSHG

LI WKRVH FRQWDFWV KDYH EHHQ HQWHUHG LQWR WKH LQYHUWHUï

,I WKH UHOD\ FRQWDFWV DUH UHVHW DXWRPDWLFDOO\ñ WKH

LQYHUWHU ZLOO QRW UHVWDUW XQOHVV LW LV UHVHWï

õ2+7ô

2+ )DXOW { {
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'LVSOD\
&RUUHVSRQGLQJ

0RGHO
)XQFWLRQ 1DPH 'HVFULSWLRQ

õ2SHUDWLRQ

SDQHOô
õ3DUDPHWHU XQLWô $èíí (èíí

,QERDUG RSWLRQ IDXOW ,I WKH LQERDUG RSWLRQ GHGLFDWHG WR WKH LQYHUWHU UHVXOWV

LQ D VHWWLQJ HUURU RU D FRQQHFWLRQ IDXOWñ WKH LQYHUWHU

RXWSXW LV VWRSSHGï
õ237ô

2SWLRQ )DXOW { �

2SWLRQ VORW DODUP 6WRSV WKH LQYHUWHU RXWSXW LI D IXQFWLRQDO IDXOW õVXFK DV

FRPPXQLFDWLRQ HUURU RI WKH FRPPXQLFDWLRQ RSWLRQô

RFFXUV LQ WKH LQERDUG RSWLRQ ORDGHG LQ DQ\ VORWï

WR

õí3ì WR

í3êô

2SWLRQ VORW DODUP

ì WR ê

{ �

3DUDPHWHU HUURU ,QGLFDWHV WKDW DODUP KDV RFFXUUHG LQ DQ\ VWRUHG

SDUDPHWHU õHïJï (
ë
520 IDXOWôï õ3(ô

&RUUXSW 0HPRU\ { {

5HWU\ FRXQW H[FHHGHG ,I RSHUDWLRQ FDQQRW EH UHVXPHG ZLWKLQ WKH QXPEHU RI

UHWULHV VHWñ WKLV IXQFWLRQ VWRSV WKH LQYHUWHU RXWSXWï õ5(7ô

5HWU\ 1R 2YHU { {

2SHQ RXWSXW SKDVH

SURWHFWLRQ

7KLV IXQFWLRQ VWRSV WKH LQYHUWHU RXWSXW ZKHQ DQ\ RI

WKH WKUHH SKDVHV õ8ñ 9ñ :ô RQ WKH LQYHUWHUöV RXWSXW

VLGH õORDG VLGHô RSHQVï
õ/)ô ��

{ {

&38 HUURU ,I WKH DULWKPHWLF RSHUDWLRQ RI WKH EXLOWðLQ &38 GRHV

QRW HQG ZLWKLQ D SUHGHWHUPLQHG SHULRGñ WKH LQYHUWHU

VHOIðGHWHUPLQHV LW KDV DQ DODUP DQG VWRSV WKH RXWSXWï
õ&38ô

&38 )DXOW { {

38 GLVFRQQHFWLRQ :KHQ FRPPXQLFDWLRQ EHWZHHQ WKH LQYHUWHU DQG 38

LV VWRSSHGñ HïJï ZKHQ WKH 38 KDV EHHQ UHPRYHG DW

WKH 3Uï æè VHWWLQJ RI ë RU êñ WKH LQYHUWHU RXWSXW LV

VWRSSHGï

õ38(ô

�� { {

ëé9'& SRZHU RXWSXW VKRUW

FLUFXLW

:KHQ ëé9'& SRZHU RXWSXW IURP WKH 3& WHUPLQDO LV

VKRUWHGñ WKLV IXQFWLRQ VKXWV RII WKH SRZHU RXWSXWï $W

WKLV WLPHñ DOO H[WHUQDO FRQWDFW LQSXWV VZLWFK RIIï 7KH

LQYHUWHU FDQQRW EH UHVHW E\ HQWHULQJ WKH 5(6 VLJQDOï

7R UHVHWñ XVH WKH RSHUDWLRQ SDQHO RU VZLWFK SRZHU

RIIñ WKHQ RQ DJDLQï

õ3ëéô

�� { �

2SHUDWLRQ SDQHO SRZHU

VKRUW FLUFXLW

:KHQ WKH RSHUDWLRQ SDQHO SRZHU õ3è6 RI WKH 38

FRQQHFWRUô LV VKRUWHGñ WKLV IXQFWLRQ VKXWV RII WKH

SRZHU RXWSXWï $W WKLV WLPHñ WKH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWô FDQQRW EH XVHG DQG 56ðéåè

FRPPXQLFDWLRQ IURP WKH 38 FRQQHFWRU FDQQRW EH

PDGHï 7R UHVHWñ HQWHU WKH 5(6 VLJQDO RU VZLWFK

SRZHU RIIñ WKHQ RQ DJDLQï

õ&7(ô

�� { �

%UDNH VHTXHQFH HUURU 7KLV IXQFWLRQ VWRSV WKH LQYHUWHU RXWSXW LI D VHTXHQFH

HUURU RFFXUV GXULQJ WKH XVH RI WKH EUDNH VHTXHQFH

IXQFWLRQ õ 3Uï ëæå WR 3Uï ëåèôï

WR

õ0%ì WR

0%æô

�� { �
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'LVSOD\
&RUUHVSRQGLQJ

0RGHO
)XQFWLRQ 1DPH 'HVFULSWLRQ

õ2SHUDWLRQ

SDQHOô
õ3DUDPHWHU XQLWô $èíí (èíí

'XULQJ

DFFHOHUDWLRQ

:KHQ D FXUUHQW QRW OHVV WKDQ ìèíø õ1RWH ëô RI WKH

UDWHG LQYHUWHU FXUUHQW IORZV LQ WKH PRWRUñ WKH LQFUHDVH

LQ IUHTXHQF\ LV VWRSSHG XQWLO WKH ORDG FXUUHQW

UHGXFHV WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ

RYHUFXUUHQW VKXWðRIIï :KHQ WKH FXUUHQW KDV UHGXFHG

EHORZ ìèíøñ WKH IUHTXHQF\ LV LQFUHDVHG DJDLQï

{ {

'XULQJ

FRQVWDQW

VSHHG

õ1RWH ëô

:KHQ D FXUUHQW QRW OHVV WKDQ ìèíø õ1RWH ëô RI WKH

UDWHG LQYHUWHU FXUUHQW IORZV LQ WKH PRWRUñ WKH

IUHTXHQF\ LV GHFUHDVHG XQWLO WKH ORDG FXUUHQW

UHGXFHV WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ

RYHUFXUUHQW VKXWðRIIï :KHQ WKH FXUUHQW KDV UHGXFHG

EHORZ ìèíøñ WKH IUHTXHQF\ UHWXUQV WR WKH VHW YDOXHï

{ {

&XUUHQW OLPLW

VWDOO

SUHYHQWLRQ

'XULQJ

GHFHOHUDWLRQ

:KHQ WKH EUDNH FDSDELOLW\ LV H[FHHGHG GXH WR WKH

H[FHVVLYH UHJHQHUDWLYH HQHUJ\ RI WKH PRWRUñ WKH

GHFUHDVH LQ IUHTXHQF\ LV VWRSSHG WR SUHYHQW WKH

LQYHUWHU IURP UHVXOWLQJ LQ RYHUYROWDJH VKXWðRIIï :KHQ

WKH UHJHQHUDWLYH HQHUJ\ KDV UHGXFHGñ GHFHOHUDWLRQ LV

UHVXPHGï :KHQ D FXUUHQW QRW OHVV WKDQ ìèíø õ1RWH

ëô RI WKH UDWHG LQYHUWHU FXUUHQW IORZV LQ WKH PRWRUñ WKH

GHFUHDVH LQ IUHTXHQF\ LV VWRSSHG XQWLO WKH ORDG

FXUUHQW UHGXFHV WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ

LQ RYHUFXUUHQW VKXWðRIIï :KHQ WKH FXUUHQW KDV

UHGXFHG EHORZ ìèíøñ WKH IUHTXHQF\ LV GHFUHDVHG

DJDLQï

õ2/7ô

2/ FRGH LV

GLVSOD\HG RQ WKH

PDLQ PRQLWRUï

6WOO 3UHY 673 LV

GLVSOD\HG DW D

VWRSï

{ {

)DQ VWRS õ1RWH éô )RU WKH LQYHUWHU ZKLFK FRQWDLQV D FRROLQJ IDQñ )1 LV

GLVSOD\HG RQ WKH RSHUDWLRQ SDQHO ZKHQ WKH FRROLQJ

IDQ VWRSV GXH WR D IDXOW RU RSHUDWHV GLIIHUHQWO\ IURP

WKH VHWWLQJ RI 3Uï ëéé ûFRROLQJ IDQ RSHUDWLRQ

VHOHFWLRQûï

7KH LQYHUWHU GRHV QRW VWRS RXWSXWï

õ)1ô

�� { {

1RWHã ìï &RQVWDQW VSHHG LV DFKLHYHG ZKHQ WKH RXWSXW IUHTXHQF\ LV ZLWKLQ WKH r ê+] UDQJH RI WKH VHW IUHTXHQF\ï )RU H[DPSOHñ WKH VSHHG

PD\ DOZD\V EH FRQVWDQW ZKHQ VORZ DFFHOHUDWLRQîGHFHOHUDWLRQ LV PDGH IURP DQ H[WHUQDO SRWHQWLRPHWHU DW D VPDOO VHWWLQJ RI

DFFHOHUDWLRQîGHFHOHUDWLRQ WLPHï

ëï ,QGLFDWHV WKDW WKH VWDOO SUHYHQWLRQ RSHUDWLRQ OHYHO KDV EHHQ VHW WR ìèíø õIDFWRU\ VHWWLQJôï ,I WKLV YDOXH LV FKDQJHGñ VWDOO

SUHYHQWLRQ LV RSHUDWHG DW WKH QHZ YDOXHï

êï :KHQ WKH SURWHFWLYH IXQFWLRQ LV DFWLYDWHG DQG WKH LQYHUWHU VWRSV LWV RXWSXW õWKH PRWRU LV FRDVWHG WR D VWRSôñ WKH LQYHUWHU LV NHSW

VWRSSHGï 8QOHVV UHVHWñ WKH LQYHUWHU FDQQRW UHVWDUWï 7R UHVHW WKH LQYHUWHUñ XVH DQ\ RI WKH IROORZLQJ PHWKRGVã VZLWFK SRZHU RII

RQFHñ WKHQ RQ DJDLQâ VKRUW UHVHW WHUPLQDO 5(6ð6' IRU PRUH WKDQ íïì VHFRQGñ WKHQ RSHQâ SUHVV WKH >5(6(7@ NH\ RI WKH

SDUDPHWHU XQLW õXVH WKH KHOS IXQFWLRQ RI WKH SDUDPHWHU XQLWôï ,I 5(6ð6' LV NHSW VKRUWHGñ WKH RSHUDWLRQ SDQHO ZLOO VKRZ û(UUïû RU

WKH SDUDPHWHU XQLW ZLOO VKRZ WKDW WKH LQYHUWHU LV EHLQJ UHVHWï

éï 7KH LQYHUWHU GRHV QRW VWRS WKH RXWSXW DQG FRQWLQXHV UXQQLQJï
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$ODUP FRGH RXWSXW $èíí

6HW ûìû õDODUP FRGH RXWSXW QRUPDOO\ô RU ûëû õDODUP

FRGH RXWSXW DW DODUP RQO\ô LQ 3Uï æçñ RXWSXW WHUPLQDO

IXQFWLRQ VZLWFKLQJñ WR RXWSXW WKH DODUP GHILQLWLRQ DV D

éðELW GLJLWDO VLJQDOï 7KH RXWSXW VLJQDO LV RXWSXW IURP

WKH RSHQ FROOHFWRU RXWSXW WHUPLQDOV VXSSOLHG ZLWK WKH

LQYHUWHUï

&RUUHVSRQGHQFHV EHWZHHQ WKH DODUP GHILQLWLRQV DQG

DODUP FRGHV DUH DV IROORZVï 7KH RSHUDWLRQ SDQHO

õSDUDPHWHU XQLWô DOVR GLVSOD\V WKH HUURU QXPEHU WR

SURYLGH WKH DODUP GHILQLWLRQ LQ GHWDLOVï

$ODUP &RGH 2XWSXW /LVW

2XWSXW 7HUPLQDO 6LJQDO 2Qð2II õ1RWHô$ODUP 'HILQLWLRQ

õ3URWHFWLYH )XQFWLRQô

'LVSOD\

õ2SHUDWLRQ 3DQHOô 68 ,3) 2/ )8
$ODUP &RGH

1RUPDO RSHUDWLRQ � í í í í í

'XULQJ

DFFHOHUDWLRQ
(ï 2&ì í í í ì ì

'XULQJ FRQVWDQW

VSHHG
(ï 2&ë í í ì í ë

2YHUFXUUHQW

VKXWðRII

'XULQJ

GHFHOHUDWLRQ
(ï 2&ê í í ì ì ê

5HJHQHUDWLYH RYHUYROWDJH VKXWðRII (ï 29ì WR (ï 29ê í ì í í é

0RWRU SURWHFWLRQ (ï 7+0 í ì í ì è(OHFWURQLF

WKHUPDO UHOD\ ,QYHUWHU SURWHFWLRQ (ï 7+7 í ì ì í ç

,QVWDQWDQHRXV SRZHU IDLOXUH (ï ,3) í ì ì ì æ

8QGHUYROWDJH (ï 897 ì í í í å

)LQ RYHUKHDW (ï ),1 ì í í ì ä

%UDNH WUDQVLVWRU DODUP (ï %( ì í ì í $

2XWSXW VLGH JURXQG IDXOW RYHUFXUUHQW (ï *) ì í ì ì %

([WHUQDO WKHUPDO UHOD\ RSHUDWLRQ (ï 2+7 ì ì í í &

6WDOOðDFWLYDWHG VWRS (ï 2/7 ì ì í ì '

,QERDUG RSWLRQ DODUP (ï 237

2SWLRQ VORW DODUP (ï 23ì WR (ï 23ê
ì ì ì í (

3DUDPHWHU HUURU (ï 3(

38 GLVFRQQHFWLRQ (ï 38(

5HWU\ FRXQW H[FHVV (ï 5(7

2XWSXW RSHQ SKDVH SURWHFWLRQ (ï /)

&38 HUURU (ï &38

ì ì ì ì )

1RWHã íï 2XWSXW WUDQVLVWRU RII

ìï 2XWSXW WUDQVLVWRU RQ õFRPPRQ WHUPLQDO 6(ô
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ìïæïì 2YHUFXUUHQW 3URWHFWLRQ õ2&ì WR 2&êô &20021

7R SURWHFW WKH ,30 IURP RYHUFXUUHQWñ WKH RXWSXW

FXUUHQW RI WKH LQYHUWHU LV GHWHFWHG DQG WKH IROORZLQJ

SURWHFWLYH IXQFWLRQ DFWLYDWHGï

$OVRñ ZKHQ WKH ,30 LV RYHUKHDWHG GXH WR IDQ VWRSñ

RYHUORDG HWFï WKH GHWHFWLRQ VLJQDO IURP WKH ,30

FDXVHV WKH SURWHFWLYH IXQFWLRQ WR EH DFWLYDWHGï

5DWHG RXWSXWðððððððððððððð

FXUUHQW

õìííøô

0D[LPXP FXUUHQW DOORZHG WR

IORZ FRQWLQXRXVO\ï

2YHUORDG FDSDFLW\ððððððð

õìèíø RU KLJKHUô

&XUUHQW DOORZHG WR IORZ IRU

RQH PLQXWH FRQWLQXRXVO\ï

6XIILFLHQW FRROLQJ WLPH LV

UHTXLUHG IRU UHSHDWHG XVHï

&XUUHQW OLPLW ðððððððððð

DFWLYDWLRQ

õVWDOO SUHYHQWLRQ

DFWLYDWLRQô

$FWLYDWHV WKH FXUUHQW OLPLW

IXQFWLRQï

2YHUFXUUHQWððððððððððððððð

VKXWðRII

õëííø RU KLJKHUô

$FWLYDWHV WKH SURWHFWLYH

FLUFXLW LQVWDQWDQHRXVO\ WR

VKXW RII WKH WUDQVLVWRU JDWHï

&DXVHV WKH HOHFWURQLF

WKHUPDO UHOD\ WR VKXW RII WKH

JDWH WR SURWHFW WKH WUDQVLVWRU

LI D FXUUHQW JUHDWHU WKLV YDOXH

IORZV FRQWLQXRXVO\ IRU D ORQJ

WLPHï
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ìïæïë 6WDOO SUHYHQWLRQ IXQFWLRQ DQG FXUUHQW OLPLW IXQFWLRQ &20021

%RWK IXQFWLRQV DUH DFWLYDWHG DJDLQVW WKH RXWSXW

FXUUHQW õIDFWRU\ðVHW DFWLYDWLRQ OHYHO  ìèíø RI WKH

UDWHG RXWSXW FXUUHQWôï ,I D ULVH LQ FXUUHQW LV VKDUSñ WKH

RYHUFXUUHQW SURWHFWLRQ LV DFWLYDWHG EHFDXVH WKH VWDOO

SUHYHQWLRQ IXQFWLRQ FDQQRW VXSSUHVV WKH FXUUHQWï

%HWWHU IRU FXUUHQW VXSSUHVVLRQ õOLPLWô FDSDELOLW\ WKDQ

WKH VWDOO SUHYHQWLRQ IXQFWLRQñ WKH FXUUHQW OLPLW IXQFWLRQ

KDV D OHVV SRVVLELOLW\ RI DFWLYDWLQJ WKH RYHUFXUUHQW

SURWHFWLRQñ WKXV HQVXULQJ RSHUDWLRQ KLJKO\ UHVLVWDQW

WR RYHUORDGï

<RX FDQ PDNH VHOHFWLRQ WR DFWLYDWH WKHVH IXQFWLRQV

XVLQJ 3Uï ìèçï

1RWH WKDW LI DQ RYHUORDG VWDWH SHUVLVWVñ WKH HOHFWURQLF

WKHUPDO UHOD\ õ(ï 7+7ô PD\ EH RSHUDWHGï 8QOLNH WKH

VWDOO SUHYHQWLRQñ WKH FXUUHQW OLPLW IXQFWLRQ GRHV QRW

IXQFWLRQ DJDLQVW UHJHQHUDWLYH RYHUYROWDJH GXULQJ

GHFHOHUDWLRQï

õìô6WDOO SUHYHQWLRQ õGXULQJ DFFHOHUDWLRQñ GXULQJ

FRQVWDQWðVSHHG RSHUDWLRQô

7KH LQYHUWHU KDV D IXQFWLRQ IRU OLPLWLQJ WKH PRWRU

FXUUHQWï ,I WKH FXUUHQW UHDFKHV RU H[FHHGV ìèíø

RI WKH UDWHG FXUUHQWñ WKH LQYHUWHU ORZHUV WKH RXWSXW

IUHTXHQF\ GXULQJ DFFHOHUDWLRQ RU FRQVWDQWðVSHHG

RSHUDWLRQ WR UHGXFH WKH ORDG FXUUHQWñ DQG ZDLWV

IRU WKH GHFUHDVH RI WKH ORDG FXUUHQWï :KHQ WKH

FXUUHQW UHWXUQV WR ZLWKLQ ìèíøñ WKH LQYHUWHU

LQFUHDVHV WKH IUHTXHQF\ DJDLQñ DFFHOHUDWHV DQG

RSHUDWHV DW WKH VHW IUHTXHQF\ï

7KH FXUUHQW OLPLW IXQFWLRQ PD\ QRW EH DEOH WR

SUHYHQW RYHUFXUUHQW VKXWðRII LI WKH FXUUHQW

FKDQJHV VXGGHQO\ DV LQ D VKRUW FLUFXLW RFFXUULQJ

LQ WKH RXWSXW VLGHï

ìèíø

ìííø

&
X
UU
H
Q
W

'XULQJ DFFHOHUDWLRQ

'XULQJ
FRQVWDQWðVSHHG

RSHUDWLRQ 'XULQJ GHFHOHUDWLRQ

7LPH

2
X
WS
X
W
IU
H
T
X
H
Q
F\

6WDOO SUHYHQWLRQ DFWLYDWHG
7LPH

2SHUDWLRQ IRU 6WDOO 3UHYHQWLRQ

õëô6WDOO SUHYHQWLRQ õGXULQJ GHFHOHUDWLRQô

,I WKH FXUUHQW UHDFKHV RU H[FHHGV ìèíø RI WKH

UDWHG FXUUHQWñ WKH LQYHUWHU LQFUHDVHV WKH RXWSXW

IUHTXHQF\ WR UHGXFH WKH ORDG FXUUHQWñ DQG ZDLWV IRU

WKH GHFUHDVH RI WKH ORDG FXUUHQWï :KHQ WKH FXUUHQW

UHWXUQV WR ZLWKLQ ìèíøñ WKH LQYHUWHU GHFUHDVHV WKH

IUHTXHQF\ DJDLQ DQG GHFHOHUDWHV WR WKH VHW

IUHTXHQF\ RU WR D VWRSï
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ìïæïê 5HJHQHUDWLYH RYHUYROWDJH SURWHFWLRQ õ29ì WR 29êô &20021

:KHQ WKH PRWRU LV GHFHOHUDWHG E\ WKH LQYHUWHUñ WKH

RXWSXW IUHTXHQF\ IDOOV DFFRUGLQJ WR WKH GHFHOHUDWLRQ

WLPH VHW YDOXHï :KHQ WKH ORDG LV OLJKW RU LQHUWLD LV

ODUJHñ WKH PRWRU VSHHG PD\ H[FHHG WKH

V\QFKURQRXV VSHHG DQG HQWHU WKH SRZHU JHQHUDWLRQ

UDQJHï $W WKLV WLPHñ WKH URWDWLRQ HQHUJ\ RI WKH ORDG LV

FRQYHUWHG õUHJHQHUDWHGô LQWR HOHFWULF HQHUJ\ DQG

FRQVXPHG E\ WKH PRWRU LWVHOI DQG LQ WKH LQYHUWHUï

7KH UHJHQHUDWLYH RYHUYROWDJH IXQFWLRQ LV SURYLGHG WR

SUHYHQW WKH EXLOWðLQ FDSDFLWRU WHUPLQDO YROWDJH IURP

ULVLQJ DEQRUPDOO\ GXH WR ODUJH UHJHQHUDWLYH HQHUJ\

ZKHQ PRWRU VOLS KDV LQFUHDVHGï

%UDNLQJ WRUTXH RI DSSUR[LPDWHO\ ëíø RI WKH UDWHG

PRWRU WRUTXH LV JHQHUDWHG E\ WKH UHJHQHUDWLYH

HQHUJ\ FRQVXPHG LQ WKH PRWRU DQG LQYHUWHUï :KHQ

WKH EUDNH XQLW LV XVHGñ EUDNLQJ WRUTXH RI ìíí WR

ìèíø RI WKH UDWHG WRUTXH LV JHQHUDWHG E\ WKH

HOHFWULFDO HQHUJ\ FRQVXPHG E\ WKH GLVFKDUJH

UHVLVWRUï

7KH UHJHQHUDWLYH HQHUJ\ RI WKH WUDQVLVWRUL]HG LQYHUWHU

LV QRW UHWXUQHG WR WKH FRPPHUFLDO SRZHU VXSSO\ï )LW

WKH SRZHU VXSSO\ UHJHQHUDWLQJ FRQYHUWHU õ)5ð5&ô

RSWLRQ WR UHWXUQ WKH UHJHQHUDWLYH HQHUJ\ WR WKH

SRZHU VXSSO\ï

>6WDOO SUHYHQWLRQ@

,I WKH UHJHQHUDWLYH HQHUJ\ IURP WKH PRWRU KDV

EHFRPH H[FHVVLYH DQG WKH UHJHQHUDWLYH EUDNH

WRUTXH õFXUUHQWô KDV H[FHHGHG WKH VSHFLILHG YDOXH

GXULQJ PRWRU GHFHOHUDWLRQñ WKH VWDOO SUHYHQWLRQ VWRSV

WKH IDOO RI WKH RXWSXW IUHTXHQF\ WR SUHYHQW

UHJHQHUDWLYH RYHUYROWDJH VKXWðRII IURP EHLQJ

DFWLYDWHGï ,I WKH GHFHOHUDWLRQ WLPH LV H[WUHPHO\ VKRUW

RU WKH ORDG *'
ë
LV YHU\ ODUJHñ WKH VWDOO SUHYHQWLRQ

PD\ QRW EH HQRXJK WR SUHYHQW UHJHQHUDWLYH

RYHUYROWDJH VKXWðRIIï

'HFHOHUDWLRQ VWDUW

5HJHQHUDWLYH ððððððððððððððð

EUDNH RSHUDWLRQ

õDSSUR[LPDWHO\ êçí9'&ô

õ1RWH ìô

6ZLWFKHV RQ WKH EUDNH

WUDQVLVWRU WR VWDUW D FXUUHQW

LQ WKH EUDNH GLVFKDUJH

UHVLVWRUï

5HJHQHUDWLYH EUDNH ððððððð

GXW\ H[FHVVLYH

6WRSV XVH RI WKH

UHJHQHUDWLYH EUDNH

WHPSRUDULO\ LI WKH

UHJHQHUDWLYH EUDNH YDOXH

H[FHHGV WKH VSHFLILHG

YDOXHï 5HVXPHV XVH RI

WKH UHJHQHUDWLYH EUDNH

ZKHQ WKH EUDNH GLVFKDUJH

UHVLVWRU KDV FRROHG GRZQï

5HJHQHUDWLYH ððððððððððððððð

RYHUYROWDJH VKXWðRII

õDSSUR[LPDWHO\ éíí9'&ô

õ1RWH ìô

,QVWDQWO\ DFWLYDWHV WKH

SURWHFWLYH FLUFXLW WR VKXW

RII WKH WUDQVLVWRU JDWHï

1RWHã ìï 7KH YROWDJH YDOXHV LQGLFDWHG DUH IRU WKH
ëíí9 VHULHV LQYHUWHUVï 'RXEOH WKH YDOXHV IRU
WKH éíí9 VHULHV LQYHUWHUVï

ëï 7KH VWDOO SUHYHQWLRQ IXQFWLRQ LV QRW DYDLODEOH
IRU UHJHQHUDWLYH RYHUYROWDJH GXULQJ
FRQVWDQWðVSHHG RSHUDWLRQï )RU D QHJDWLYH
ORDG õIDOOLQJ GXULQJ HOHYDWLQJ RSHUDWLRQô
ZKLFK ZLOO DOZD\V EH LQ WKH UHJHQHUDWLYH
PRGHñ ILW WKH SRZHU VXSSO\ UHJHQHUDWLQJ
FRQYHUWHU RSWLRQ RU XVH WKH EUDNH UHVLVWRU
KDYLQJ D VXIILFLHQWO\ ODUJH KHDW FDSDFLW\ DQG
WKH LQYHUWHU KDYLQJ WKH FRUUHVSRQGLQJ
FDSDFLW\ WR SUHYHQW UHJHQHUDð
WLYH RYHUYROWDJH VKXWðRII IURP EHLQJ
DFWLYDWHGï

2))

'
&
YR
OWD
JH 5HJHQHUDWLYH

EUDNH YROWDJH

5HJHQHUDWLYH
EUDNH RSHUDWLRQ

6WDOO SUHYHQð
WLRQ YROWDJH

7LPH

5HJHQHUDWLYH
RYHUYROWDJH
SURWHFWLRQ
YROWDJH

5HJHQHUDWLYH RYHUYROWDJH VWDOO DFWLYDWHG

5HJHQHUDWLYH
RYHUYROWDJH
VKXWðRII

2
XW
SX
WI
UH
TX
H
QF
\

21

7LPH

5HJHQHUDWLYH 2YHUYROWDJH 6WDOO 3UHYHQWLRQ
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ìïæïé %UDNH UHVLVWRU RYHUKHDW SURWHFWLRQ DQG EUDNH WUDQVLVWRU DODUP
GHWHFWLRQ &20021

õìô%UDNH UHVLVWRU RYHUKHDW SURWHFWLRQ $èíí

$Q\ RI WKH )5ð$èíí LQYHUWHUV íïé. WR æïè. KDYH D

EXLOWðLQ UHJHQHUDWLYH EUDNH GLVFKDUJH UHVLVWRUï 7KLV

EUDNH UHVLVWRU KDV D KHDW FDSDFLW\ ìíí WR ìèíø RI

WKH UDWHG WRUTXH DQG LV XVHG IRU D VKRUW WLPH

õZLWKLQ è VHFRQGV FRQWLQXRXVO\ôï

,I WKH UHJHQHUDWLYH EUDNH EH\RQG WKH DERYH YDOXH

LV UHTXLUHG õWKH EUDNH WUDQVLVWRU 21 WLPH KDV

H[FHHGHG WKH SHUPLVVLEOH YDOXHôñ WKH EUDNH

UHVLVWRU RYHUKHDW SURWHFWLRQ LV DFWLYDWHG WR VKXW RII

WKH EUDNH WUDQVLVWRU JDWHï 7KH UHJHQHUDWLYH EUDNH

PD\ EH XVHG DJDLQ ZKHQ WKH GLVFKDUJH UHVLVWRU

KDV FRROHG DIWHU WKH UHJHQHUDWLYH EUDNH LV VKXW

RIIï

7KH KHDW FDSDFLW\ FDQ EH LQFUHDVHG E\ XVLQJ WKH

H[WHUQDO EUDNH GLVFKDUJH UHVLVWRU LQVWHDGï 5HIHU WR

6HFWLRQ ëïìïçï 7KH EUDNH UHVLVWRU RYHUKHDW

SURWHFWLRQ IXQFWLRQ LV UHVHW WR WKH LQLWLDO õFROGô

VWDWH E\ VZLWFKLQJ RQ WKH LQYHUWHU SRZHU RU WKH

UHVHW VLJQDO õDFURVV WHUPLQDOV 5(6 DQG 6'ôï

8QQHFHVVDU\ UHVHW DQG SRZHUðRII VKRXOG

WKHUHIRUH EH DYRLGHGï 7KH LQYHUWHU PXVW QRW EH

LQVWDOOHG RQ DQ\ FRPEXVWLEOH VXUIDFHñ VXFK DV

ZRRGñ EHFDXVH WKH WHPSHUDWXUH RI WKH EXLOWðLQ

EUDNH UHVLVWRU UHDFKHV DSSUR[LPDWHO\ ëííq&
PD[LPXPï

,I WKH EUDNH WUDQVLVWRU RXWSXW YROWDJH EHFRPHV

H[FHVVLYH GXULQJ GHFHOHUDWLRQñ WKH UHJHQHUDWLYH

RYHUYROWDJH SURWHFWLRQ PD\ EH DFWLYDWHG WR VWRS

WKH LQYHUWHU RXWSXWï

õëô%UDNH WUDQVLVWRU DODUP GHWHFWLRQ õ%(ô &20021

:KHQ WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU KDV EHHQ

GDPDJHG GXH WR DQ H[WHUQDO EUDNH GLVFKDUJH

UHVLVWRU ZLULQJ IDXOW HWFïñ WKLV IXQFWLRQ GHWHFWV WKH

IDXOWñ VKXWV RII WKH LQYHUWHU RXWSXWñ DQG JLYHV WKH

DODUP RXWSXW VLJQDOï :KHQ WKLV DODUP RXWSXW VLJQDO

LV SURYLGHGñ VKXW RII WKH LQYHUWHU SRZHU VXSSO\ WR

SURWHFW WKH GLVFKDUJH UHVLVWRU IURP RYHUKHDWLQJï
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ìïæïè (OHFWURQLF 7KHUPDO 2î/ 5HOD\ õ7+0ñ 7+7ô &20021

õìô)XQFWLRQ

2Q GHWHFWLQJ WKH RYHUORDG RI WKH PRWRU RU

WUDQVLVWRUñ WKH HOHFWURQLF WKHUPDO UHOD\ LQ WKH

LQYHUWHU VWRSV WKH WUDQVLVWRU RSHUDWLRQ DQG RXWSXW

DQG NHHSV WKHP VWRSSHGï

õëô&KDUDFWHULVWLFV

2YHUORDG VKXWðRII õHOHFWURQLF WKHUPDO 2î/ UHOD\

RSHUDWLRQô FKDUDFWHULVWLFV DUH VKRZQ RQ WKH QH[W

SDJHï

z 7KH FKDUDFWHULVWLF LQGLFDWHG E\ WKH GRWWHG OLQH LV

YDOLG ZKHQ WKH PRWRU FXUUHQW LV ìèíø RU

JUHDWHUï

z 7KH FKDUDFWHULVWLFV LQGLFDWHG E\ WKH FRQWLQXRXV

OLQHV DUH YDOLG ZKHQ WKH PRWRU FXUUHQW LV OHVV

WKDQ ìèíøï

7KH FKDUDFWHULVWLFV LQGLFDWHG E\ WKH FRQWLQXRXV

OLQHV FDQ EH DGMXVWHG E\ FKDQJLQJ WKH FXUUHQW

YDOXH RI WKH HOHFWURQLF WKHUPDO UHOD\ VHWWLQJï

&RQVLGHULQJ WKH WHPSHUDWXUHðULVH FKDUDFWHULVWLF

RI WKH PRWRUñ WKH çí PLQXWH RU ORQJHU

FRQWLQXRXV RSHUDWLRQ UDQJH LV GLYLGHG DV VKRZQ

DFFRUGLQJ WR WKH IUHTXHQF\ï

z:KHQ WKH HOHFWURQLF WKHUPDO UHOD\ GHGLFDWHG WR

D 0LWVXELVKL LQYHUWHUðGULYHQñ FRQVWDQWðWRUTXH

PRWRU KDV EHHQ VHW DQG RSHUDWLRQ LV SHUIRUPHG

DW QR OHVV WKDQ ç+]ñ RQO\ WKH RSHUDWLRQDO FXUYH

LQGLFDWLQJ ûêí+] RU KLJKHUû IXQFWLRQV DPRQJ WKH

FKDUDFWHULVWLFV RQ WKH QH[W SDJH LI WKH RXWSXW

IUHTXHQF\ LV ç WR êí+]ï

1RWHã 7KH RSHUDWLRQ FKDUDFWHULVWLF RI WKH

HOHFWURQLF WKHUPDO UHOD\ YDULHV VOLJKWO\

GHSHQGLQJ RQ WKH RXWSXW IUHTXHQF\ï 7R

SURWHFW WKH PRWRU VXIILFLHQWO\ñ XVH D PRWRU

ZKLFK KDV D EXLOWðLQ WKHUPDO UHOD\ï

z:KHQ WKH PRWRU RI XS WR ìïèN: LV UXQ XQGHU

DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO IRU $èíí

RU XQGHU JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU

FRQWURO IRU (èíí ñ LW FDQ EH UXQ ZLWK WKH VDPH

FKDUDFWHULVWLFV DV WKRVH RI WKH HOHFWURQLF

WKHUPDO UHOD\ GHGLFDWHG 0LWVXELVKL LQYHUWHUð

GULYHQ FRQVWDQWðWRUTXH PRWRUï

õêô6HWWLQJ WKH HOHFWURQLF WKHUPDO 2î/ UHOD\

'HILQH WKH SURWHFWLRQ FKDUDFWHULVWLF RI WKH

HOHFWURQLF WKHUPDO UHOD\ RQ WKH EDVLV RI WKH UDWHG

FXUUHQW YDOXH RI WKH PRWRU DV LQGLFDWHG EHORZã

6HW YDOXH  UDWHG FXUUHQW YDOXH u D õ$ô

ëíí9 õéíí9ô èí+]ðððððððððððððððððððìïí
Dã

ëííîëëí9 õéííîééí9ô çí+] ðððððððìïì

6HW WKH YDOXH LQ WHUPV RI DPSHUHV IURP WKH

SDUDPHWHU XQLWï õ 3Uï äô

1RWHã ìï 7KH SURWHFWLYH IXQFWLRQ XVLQJ WKH HOHFWURQLF

WKHUPDO UHOD\ LV UHVHW WR WKH LQLWLDO õFROGô

VWDWH ZKHQ WKH LQYHUWHU SRZHU LV VZLWFKHG

RQ RU WKH UHVHW VLJQDO LV LQSXWï 8QQHFHVVDU\

UHVHW RU SRZHUðRII VKRXOG WKHUHIRUH EH

DYRLGHGï

ëï 8VH D WKHUPDO UHOD\ LQ WKH LQYHUWHU RXWSXW

VLGH ZKHQ UXQQLQJ D PXOWLðSROH PRWRU RI

HLJKW RU PRUH SROHV RU PRUH WKDQ RQH

PRWRUï ,Q WKLV FDVHñ ZKHQ íõ$ô LV VHW WR WKH

HOHFWURQLF WKHUPDO 2î/ UHOD\ õ 3Uï äñô IURP

WKH RSHUDWLRQ SDQHO õSDUDPHWHU XQLWôñ WKH

HOHFWURQLF WKHUPDO 2î/ UHOD\ LV WXUQHG RII LQ

WKH UHJLRQ LQGLFDWHG E\ WKH FRQWLQXRXV OLQH

RQ WKH QH[W SDJHï
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ç+]

íïè+]
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ìí+]

ç+]

íïè+]

x 3URWHFWLRQ DFWLYDWLQJ UDQJH
5DQJH RQ WKH ULJKW RI
FKDUDFWHULVWLF FXUYH

x 1RUPDO RSHUDWLQJ UDQJH
5DQJH RQ WKH OHIW RI
FKDUDFWHULVWLF FXUYH

x (OHFWURQLF WKHUPDO UHOD\ VHWWLQJ
6HW WKH YDOXH LQ WHUPV RI FXUUHQW YDOXH
IURP WKH SDUDPHWHU XQLWï
6HW YDOXH  UDWHG PRWRU FXUUHQW u Dõ$ô
Dã ëíí9 èí+] xxxxxxxxxxxxxìïí
ëííîëëí9 çí+]xxxxxxxxìïì

>6HW YDOXH@
0RWRUã 6)ð-5 êïæN: ç3

5DWHG FXUUHQW  ìèïë$ õëëí9 çí+]ô
,QYHUWHUã )5ð$ëëíðêïæ.

6HW YDOXH  ìèïë u ìïì
 ìçïæë õ$ô

+HQFHñ VHW WR ìçïæ õ$ô

&KDUDFWHULVWLF ZKHQ HOHFWURQLF WKHUPDO
UHOD\ IRU PRWRU SURWHFWLRQ LV VZLWFKHG RII
õ6HW YDOXH  í õ$ôô

ó 2QO\ WKLV FKDUDFWHULVWLF FXUYH DSSOLHV ZKHQ
WKH HOHFWURQLF WKHUPDO UHOD\ GHGLFDWHG WR
0LWVXELVKL FRQVWDQW WRUTXH PRWRU KDV EHHQ VHWï

óó 6HW YDOXH õFXUUHQW YDOXHô  èíø RI UDWHG
LQYHUWHU RXWSXW FXUUHQW

(OHFWURQLF WKHUPDO UHOD\
IRU WUDQVLVWRU SURWHFWLRQ

(
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LQ
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ï
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H
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èíø VHWWLQJ óó ìííø VHWWLQJ

êí+] RU
KLJKHU ó

êí+] RU
KLJKHU ó

0RWRU FXUUHFW õøô
õø LQ UHIHUHQFH WR UDWHG LQYHUWHU RXWSXW FXUUHFWô

(OHFWURQLF 7KHUPDO 5HOD\ 2SHUDWLRQ &KDUDFWHULVWLFV
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ìïæïç ,QVWDQWDQHRXV 3RZHU )DLOXUH 3URWHFWLRQ õ,3)ô $èíí

õìô ,QVWDQWDQHRXV SRZHU IDLOXUH SURWHFWLRQ õ,3)ô
,I WKH SRZHU VXSSO\ YROWDJH RI WKH LQYHUWHU KDV
UHGXFHG RU WKH SRZHU LV ORVW GXH WR LQVWDQWDQHRXV
SRZHU IDLOXUHñ HWFïñ WKLV IXQFWLRQ DFWLYDWHV WKH
SURWHFWLYH FLUFXLW DQG VKXWV RII WKH ,30 JDWH WR
VWRS WKH RXWSXWï
2SHUDWLRQ LV FRQWLQXHG SURSHUO\ LI WKH
LQVWDQWDQHRXV SRZHU IDLOXUH LV ZLWKLQ ìèPV õDODUP
RXWSXW LV QRW SURYLGHGôï ,I LW H[FHHGV ìèPVñ WKH
LQVWDQWDQHRXV SRZHU IDLOXUH SURWHFWLRQ FLUFXLW LV
DFWLYDWHG WR VWRS WKH LQYHUWHU RXWSXWï $Q DODUP
RXWSXW LV SURYLGHG õWHUPLQDOV % DQG & DUH
GLVFRQQHFWHGô ZKHQ WKH LQVWDQWDQHRXV SRZHU
IDLOXUH LV ZLWKLQ DSSUR[LPDWHO\ ìííPVï :KHQ WKH
SRZHU IDLOXUH LV ORQJHU WKDQ DSSUR[LPDWHO\ ìííPVñ
DODUP RXWSXW LV QRW SURYLGHGï õ5HIHU WR WKH
RSHUDWLRQ WLPLQJ FKDUW LQ 6HFWLRQ ìïéïì õëôñ õêôïô
:KHQ WKH SRZHU LV UHVWRUHG DIWHU WKH
LQVWDQWDQHRXV SRZHU IDLOXUHñ WKH LQYHUWHU PXVW EH
UHVWDUWHG DIWHU WKH PRWRU KDV VWRSSHG FRPSOHWHO\ï
6HW D YDOXH RWKHU WKDQ ääää LQ 3Uï èæ õDXWRPDWLF
UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUHô WR PDNH
D UHVWDUW ZKLOH WKH PRWRU LV FRDVWLQJï

õëô3RZHU VXSSO\ XQGHUYROWDJH SURWHFWLRQ õ897ô

$FWLYDWHV WKH SURWHFWLYH IXQFWLRQ LI WKH SRZHU VXSSO\

YROWDJH GURSV EHORZ DSSUR[LPDWHO\ ìèí9$&

õDSSUR[LPDWHO\ êíí9$& IRU WKH éíí9 VHULHVôï

õêô5HVHW

2QFH DFWLYDWHGñ WKH LQVWDQWDQHRXV SRZHU IDLOXUH

SURWHFWLRQ IXQFWLRQ UHPDLQV DFWLYDWHGï 7R UHVHWñ

VZLWFK RII WKH VWDUW VLJQDOñ WKHQ XVH DQ\ RI WKH

IROORZLQJ PHWKRGVã

z &RQQHFW WKH UHVHW VLJQDO WHUPLQDO 5(6 DQG

WHUPLQDO 6' IRU PRUH WKDQ íïì VHFRQGï

z 6ZLWFK WKH LQYHUWHU SRZHU RII õIRU PRUH WKDQ íïì

VHFRQGôñ WKHQ RQï

z 8VH WKH >5(6(7@ NH\ RI WKH RSHUDWLRQ SDQHO RU

SDUDPHWHU XQLW WR UHVHWï

z 5HVHW E\ XVLQJ WKH KHOS IXQFWLRQ RI WKH 38ï

z 7KH SURWHFWLYH FLUFXLW LV DXWRPDWLFDOO\ UHVHW E\

WKH UHVHW IXQFWLRQ LI WKH SRZHU IDLOXUH SHUVLVWV

IRU ORQJHU WKDQ DSSUR[LPDWHO\ ìííPVï

&

$

%

&

3RZHU
VXSSO\

5ìñ 6ì õ/ììñ /ìëô
WHUPLQDOV XVHG
õ6HH 6HFWLRQ éïéïô

1)% 0&
5ñ 6ñ 7

5HVHW VLJQDO

3RZHU
2)) WLPH
GHWHFWLRQ

,QVWDQWDQHRXV
SRZHU IDLOXUH
GHWHFWLRQ

5(6

6'

&RQWURO
SRZHU
VXSSO\

&RQYHUWHU ,QYHUWHU

8ñ 9ñ :

0RWRU

,0

8QGHUYROWDJH
GHWHFWLRQ 3RZHU VXSSO\

GHWHFWLRQ

3
RZ

H
U
VX
S
SO
\

6HW

5HVHW

,QVWDQWDQHRXV
SRZHU IDLOXUH
SURWHFWLRQ
FLUFXLW

2&7ñ HWFï

$ODUP RXWSXW UHOD\

5$

$ODUP RXWSXW

õ/ìñ /ëñ /êô

5ì
õ/ììô

6ì
õ/ëìô

,QVWDQWDQHRXV 3RZHU )DLOXUH 3URWHFWLRQ &LUFXLW %ORFN 'LDJUDP
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([SODQDWLRQ RI WKH ,QVWDQWDQHRXV 3RZHU )DLOXUH

3URWHFWLRQ &LUFXLW %ORFN 'LDJUDP

:KHQ WKH LQYHUWHU SRZHU VXSSO\ õ5ñ 6ñ 7 WHUPLQDOVô LV

VZLWFKHG RQñ WKH FRQYHUWHU VPRRWKLQJ FDSDFLWRU õ&ô

LV FKDUJHGï ,Q WKH PHDQWLPHñ ZKHQ WKH FRQWURO SRZHU

VXSSO\ õ5ìñ 6ì WHUPLQDOVô LV HVWDEOLVKHGñ WKH SRZHU

VXSSO\ HVWDEOLVKPHQW SXOVH UHVHWV WKH LQVWDQWDQHRXV

SRZHU IDLOXUH SURWHFWLRQ FLUFXLW WR WKH LQLWLDO VWDWHï ,I

WKH '& YROWDJH RI WKH VPRRWKLQJ FDSDFLWRU LV UHGXFHG

E\ DQ LQVWDQWDQHRXV SRZHU IDLOXUH õORQJHU WKDQ ìèPV

DQG ZLWKLQ DSSUR[LPDWHO\ ìííPVô RU D SRZHU VXSSO\

YROWDJH UHGXFWLRQ GXULQJ LQYHUWHU RSHUDWLRQñ WKH

XQGHUYROWDJH GHWHFWLRQ FLUFXLW LV DFWLYDWHG WR VHW WKH

LQVWDQWDQHRXV SRZHU IDLOXUH SURWHFWLRQ FLUFXLW DQG

VKXW RII WKH LQYHUWHU DW WKH JDWHï :KHQ WKH SRZHU LV

WKHQ UHVWRUHGñ DQ DODUP GLVSOD\ LV SURYLGHG DQG WKH

DODUP RXWSXW UHOD\ LV VZLWFKHG RQ õWHUPLQDOV %ð&

RSHQñ $ð& FORVHGôï

7KH UHVHW IXQFWLRQ LV DFWLYDWHG ZKHQ WKH LQYHUWHU

SRZHU UHPDLQV RII IRU PRUH WKDQ DSSUR[LPDWHO\

ìííPVï õ$ODUP LV QRW RXWSXWïô

,I WKH DODUP RXWSXW UHOD\ LV VZLWFKHG RQ õWHUPLQDOV %ð

& RSHQñ $ð& FORVHGô E\ RWKHU WKDQ WKH LQVWDQWDQHRXV

SRZHU IDLOXUH SURWHFWLRQ FLUFXLW WR VZLWFK RII WKH

LQYHUWHU SRZHU VXSSO\ 0&ñ WKH FRQWURO SRZHU LV ORVWñ

ZKHUHE\ WKH DODUP GLVSOD\ DQG DODUP RXWSXW UHOD\

DUH VZLWFKHG RII õWHUPLQDOV %ð& FORVHGñ $ð& RSHQôï

ìïæïæ ,QYHUWHU 6WDWXV DQG 5HVHW 0HWKRG DW 2FFXUUHQFH RI $ODUP &20021

$ODUP 2FFXUUHQFH 5HVHW 7HUPLQDO &RQQHFWHG 2XWSXW 6WRS 7HUPLQDO &RQQHFWHG

,30 *DWH LV VKXW RII LQVWDQWO\ï *DWH LV VKXW RII LQVWDQWO\ï *DWH LV VKXW RII LQVWDQWO\ï

)UHTXHQF\ PHWHU GLVSOD\ 5HVHW WR í+] LQVWDQWO\ï 5HVHW WR í+] LQVWDQWO\ï 5HVHW WR í+] LQVWDQWO\ï

2SHUDWLRQ SDQHO $ODUP FRGH LQGLFDWLRQ

6KRUW WHUPLQDOV WR HUDVH WKH

LQGLFDWLRQ RQFHï

:KHQ WHUPLQDOV 5(6ð6' DUH NHSW

VKRUWHGñ (UUï DSSHDUVï

9DOXH EHLQJ PRQLWRUHG LV UHVHW WR í

LQVWDQWO\ï 1RWH WKDW WKLV GHSHQGV

RQ WKH GDWD PRQLWRUHGï

3DUDPHWHU XQLW GLVSOD\

,QGLFDWHV DODUP GHILQLWLRQï

)UHTXHQF\ñ FXUUHQWñ HWFï DW DODUP

RFFXUUHQFH FDQ EH UHDG LQ WKH

PRQLWRULQJ PRGHï

'LVSOD\ LV FOHDUHG RQFHï

.HHS WHUPLQDOV 5(6 DQG 6'

FRQQHFWHG WR GLVSOD\ õIOLFNHUô WKH

FRPPXQLFDWLRQ DODUP GLVSOD\

VFUHHQï

)UHTXHQF\ DQG FXUUHQW DW DODUP

RFFXUUHQFH DUH FOHDUHGï

9DOXH EHLQJ PRQLWRUHG LV UHVHW WR í

LQVWDQWO\ï 1RWH WKDW WKLV GHSHQGV

RQ WKH GDWD PRQLWRUHGï

$ODUP RXWSXW

õUHOD\ RXWSXWô

6ZLWFKHG RQ LQVWDQWO\ï

õWHUPLQDOV % DQG & GLVFRQQHFWHGô

6ZLWFKHG RII LQVWDQWO\ï

õWHUPLQDOV % DQG & FRQQHFWHGô
1R RSHUDWLRQ

581 VLJQDO 6ZLWFKHG RII LQVWDQWO\ï 6ZLWFKHG RII LQVWDQWO\ï 6ZLWFKHG RII LQVWDQWO\ï

68 VLJQDO 6ZLWFKHG RII LQVWDQWO\ï 6ZLWFKHG RII LQVWDQWO\ï 6ZLWFKHG RII LQVWDQWO\ï

5HVHW PHWKRG
5HVHW RU VZLWFK WKH SRZHU RIIñ

WKHQ RQï
'LVFRQQHFW WHUPLQDOV 5(6 ð 6'ï 'LVFRQQHFW WHUPLQDOV 056 ð 6'ï

1RWHã ,I DQ DODUP KDV RFFXUUHGñ WKH ,30 JDWH LV LQVWDQWDQHRXVO\ VKXW RII WR VWRS WKH RXWSXWï +HQFHñ WKH

LQYHUWHU SRZHU PD\ UHPDLQ RQï ,I WKH SRZHU LV VZLWFKHG RII E\ XVLQJ WKH PDJQHWLF FRQWDFWRU HWFïñ WKH

LQYHUWHU FRQWURO SRZHU LV ORVW DQG WKH DODUP VLJQDO FDQQRW EH RXWSXWï 7R NHHS RQO\ WKH DODUP VLJQDO RQñ

NHHS WKH DODUP RXWSXW FRQWDFW õDFURVV WHUPLQDOV $ DQG &ô FORVHG LQ WKH H[WHUQDO FLUFXLWï

7KH DODUP GHILQLWLRQ LV VWRUHG LQ WKH LQYHUWHU DQG FDQ EH UHDG ODWHUï
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ìïåïì 8VH RI WKH LQYHUWHU ZLWK VLQJOHðSKDVH SRZHU VXSSO\ &20021

:KHQ WKH LQYHUWHU LV XVHG ZLWK D VLQJOHðSKDVH SRZHU

VXSSO\ LQSXWñ WKH SHDN RI WKH FDSDFLWRU FKDUJLQJ

FXUUHQW LV ODUJHU WKDQ ZKHQ LW LV XVHG ZLWK D WKUHHð

SKDVH SRZHU VXSSO\ LQSXWñ LQFUHDVLQJ WKH

WHPSHUDWXUHV RI WKH FRQYHUWHU DQG FDSDFLWRUï +HQFHñ

D VLQJOHðSKDVH SRZHU VXSSO\ LQSXW FDQQRW EH XVHG DW

WKH UDWHG RXWSXW FXUUHQWñ EXW PD\ EH XVHG LI WKH

RXWSXW FXUUHQW LV PDGH ORZHU WKDQ WKDW IRU D WKUHHð

SKDVH SRZHU VXSSO\ LQSXWï

)RU (èíí ñ WKH LQYHUWHUV RI VLQJOHðSKDVH ëíí9

VSHFLILFDWLRQV DUH DYDLODEOHï

5DWLQJ IRU 6LQJOHð3KDVH 3RZHU 6XSSO\ ,QSXW õëíí9 &ODVVô

7\SH )5ð$èëíðíïé. )5ð$èëíðíïæè. )5ð$èëíðìïè. )5ð$èëíðëïë. )5ð$èëíðêïæ.

5DWHG RXWSXW FXUUHQW õ$ô ìïè ëïè é è ä

5DWHG RXWSXW YROWDJH êðSKDVH ëíí WR ëëí9$& èí+]ñ ëíí WR ëéí9$& çí+]

3RZHU VXSSO\ YROWDJH 6LQJOHðSKDVH ëíí WR ëëí9$& èí+]ñ ëíí WR ëéí9$& çí+]

3RZHU VXSSO\ FDSDFLW\ õN9$ô ìïè ëïè éïè èïè ä

$& LQSXW FXUUHQW õ$ô éïè æïç ììïë ìëïä ìæïé

1)%

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

,0

67) õ675ô

6'

6LQJOHðSKDVH SRZHU VXSSO\
ëíí WR ëëí9$& èí+]
ëíí WR ëéí9$& çí+]

,QYHUWHU

6WDUW VLJQDO

*URXQG

0RWRU

([DPSOH RI &LUFXLW 8VLQJ 6LQJOHð3KDVH 3RZHU 6XSSO\

1RWHã ìï $OZD\V FRQQHFW WKH VLQJOHðSKDVH SRZHU VXSSO\ WR WKH SRZHU VXSSO\ VLGH WHUPLQDOV 5ñ 6 õ/ìñ /ëô RI

WKH LQYHUWHUï

ëï 8VH WKH LQYHUWHU ZLWK D SRZHU VXSSO\ KDYLQJ VXIILFLHQW FDSDFLW\ï ,I WKH SRZHU HTXLSPHQW FDSDFLW\ LV

VPDOOñ WKH RXWSXW YROWDJH ZLOO IOXFWXDWH JUHDWO\ GXH WR ORDGï
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7KH )5 VHULHV LQYHUWHUV DUH KLJKO\ UHOLDEOH SURGXFWVï

+RZHYHUñ LWV SURGXFW OLIH PD\ EH VKRUWHQHG RU WKH

SURGXFW GDPDJHG LI SHULSKHUDO FLUFXLW DVVHPEOLQJ LV

LQFRUUHFW RU LW LV RSHUDWHG RU KDQGOHG LQDGHTXDWHO\ï

%HIRUH VWDUWLQJ RSHUDWLRQñ DOZD\V UHFKHFN WKH

IROORZLQJ SRLQWVã

ìïäïì ,QVWUXFWLRQV IRU WKH LQYHUWHU RXWSXW VLGH

'R QRW FRQQHFW WKH SRZHU VXSSO\ WR WKH LQYHUWHU RXWSXW VLGH WHUPLQDOV õ8ñ 9ñ :ôï

$SSOLFDWLRQ RI SRZHU GDPDJHV WKH LQYHUWHU PRGXOHï

(VSHFLDOO\ ZKHQ WKHUH LV D FRPPHUFLDO SRZHU VXSSO\ð

LQYHUWHU VZLWFKðRYHU FLUFXLWñ XVH PHFKDQLFDOO\

LQWHUORFNHG PDJQHWLF FRQWDFWRUV õ0&ìñ 0&ëô DV

VKRZQ EHORZ WR SUHYHQW DFFLGHQWDO DSSOLFDWLRQ RI

FRPPHUFLDO SRZHU WR WKH LQYHUWHU RXWSXW VLGHï 7R

VHOHFW WKH PDJQHWLF FRQWDFWRUVñ UHIHU WR 6HFWLRQ ëïçïë

DQG XVH WKH RQHV ZKLFK KDYH VXIILFLHQW FDSDFLWLHV

IURP WKH PDJQHWLF VZLWFK GDWDï ,I WKH PDJQHWLF

FRQWDFWRUV XVHG KDYH VPDOO FDSDFLWLHVñ WKH\ PD\ EH

FRQQHFWHG ZLWK WKH FRPPHUFLDO SRZHU VXSSO\ E\ DUFV

DW FXUUHQW VKXWðRIIï

$OVR PDNH FRQQHFWLRQV VR WKDW WKH PRWRU URWDWHV LQ

WKH VDPH GLUHFWLRQ õSKDVH URWDWLRQô LQ ERWK WKH

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ DQG LQYHUWHU

RSHUDWLRQï

1)%

5 õ/ìô

6 õ/ëô

7 õ/êô
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3RZHU
VXSSO\

,QYHUWHU

7R EH PHFKDQLFDOO\
LQWHUORFNHG

0RWRU

0DNH FRQQHFWLRQV DIWHU FRQILUPLQJ WKDW
SKDVH URWDWLRQ RI FRPPHUFLDO SRZHU
VXSSO\ LV LQ 5o6o7 õ/ìo/ëo/êô VHTXHQFHï

&RPPHUFLDO 3RZHU 6XSSO\ð,QYHUWHU 6ZLWFKð2YHU &LUFXLW

$ VKRUW FLUFXLW RU JURXQG IDXOW RQ WKH LQYHUWHU RXWSXW VLGH PD\ GDPDJH WKH LQYHUWHU
PRGXOHï

7KH LQYHUWHU PRGXOH PD\ EH GDPDJHG E\ VKRUW

FLUFXLWV UHSHDWHG GXH WR D SHULSKHUDO FLUFXLW GHIHFW RU

D JURXQG IDXOW RFFXUULQJ GXH WR LPSURSHU ZLULQJ RU

UHGXFHG PRWRU LQVXODWLRQ UHVLVWDQFHï %HIRUH UXQQLQJ

WKH LQYHUWHUñ IXOO\ FKHFN WKH FLUFXLWV DQG LQVXODWLRQ

UHVLVWDQFH RI WKH FLUFXLWï

ìô %HIRUH VZLWFKLQJ SRZHU RQñ IXOO\ FKHFN WKH WRð

JURXQG LQVXODWLRQ DQG SKDVHðWRðSKDVH LQVXODWLRQ LQ

WKH LQYHUWHUöV VHFRQGDU\ VLGHï

)RU DQ HVSHFLDOO\ ROG PRWRU RU LQ D KRVWLOH

DWPRVSKHUHñ VHFXUHO\ FKHFN WKH PRWRUöV LQVXODWLRQ

UHVLVWDQFHñ HWFï

ëô :KHQ VWDUðGHOWD VWDUW LV PDGH GXULQJ FRPPHUFLDO

SRZHU VXSSO\ RSHUDWLRQ RU D SROHðFKDQJH PRWRU LV

XVHGñ PDNH XS D FLUFXLW ZKLFK SURYLGHV

PHFKDQLFDO LQWHUORFN DQG VXIILFLHQW WLPLQJ VR WKDW

WKH FLUFXLW LV QRW VKRUWHG RQ WKH LQYHUWHU VHFRQGDU\

VLGH õLQFOXGLQJ DUF VKRUWôï
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ìïäïë 0DJQHWLF FRQWDFWRU RQ WKH LQYHUWHU SRZHU VXSSO\ VLGH

'R QRW XVH WKH LQYHUWHU SRZHU VXSSO\ VLGH PDJQHWLF FRQWDFWRU WR VWDUWîVWRS WKH LQYHUWHUï

$V VKRZQ RQ WKH ULJKWñ DOZD\V XVH WKH VWDUW VLJQDO

õ21ð2)) DFURVV WHUPLQDOV 67)ð6' RU 675ð6'ô WR

VWDUWîVWRS WKH LQYHUWHUï õ5HIHU WR 6HFWLRQ ìïéïìïô
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,QYHUWHUöV 6WDUWî6WRS &LUFXLW ([DPSOH

ìïäïê ,QYHUWHU UHVWDUW

7KH LQYHUWHU PD\ WULS LI LW LV UHVWDUWHG ZKLOH WKH PRWRU LV FRDVWLQJï

:KHQ WKH PRWRU LV GULYHQ E\ WKH LQYHUWHUñ GLUHFWðRQ

OLQH VWDUWLQJ LV DOZD\V PDGH DW D ORZ IUHTXHQF\ WR

VXSSUHVV WKH PRWRU VWDUWLQJ FXUUHQW DQG WKH

IUHTXHQF\ LV LQFUHDVHG JUDGXDOO\ï +HQFHñ ZKHQ WKH

FRDVWLQJ PRWRU LV VWDUWHG E\ WKH LQYHUWHUñ WKH LQYHUWHU

DWWHPSWV WR GUDZ WKH PRWRU LQWR WKH VWDUWLQJ

IUHTXHQF\ï +RZHYHUñ LI WKH ORDG HQHUJ\ LV ODUJHñ D

ODUJH FXUUHQW PD\ IORZ WR WKH LQYHUWHU VLGH GXH WR WKH

SRZHU UHWXUQHG IURP WKH PRWRU WR WKH LQYHUWHUñ

FDXVLQJ DQ RYHUFXUUHQW VKXWðRII õ2&7ôï 7KHUHIRUHñ

SURYLGH D FRDVWLQJ LQWHUORFN FLUFXLW VR WKDW WKH

LQYHUWHU PD\ RQO\ VWDUW WKH PRWRU DW D PRWRU VWRS

VWDWHï õ5HIHU WR 6HFWLRQ êïëïëïô

6LQFH D VLPLODU SKHQRPHQRQ ZLOO WDNH SODFH ZKHQ WKH

UHVHW õ5(6ô WHUPLQDO LV XVHG GXULQJ LQYHUWHU

RSHUDWLRQñ QRWH WKH GHVLJQ RI WKH FLUFXLWï õ5HIHU WR

6HFWLRQ ìïéïìëïô

+RZHYHUñ WKH IDVWðUHVSRQVH FXUUHQW OLPLW IXQFWLRQ RI

WKH LQYHUWHU PDNHV LW GLIILFXOW WR WULS WKH LQYHUWHU LI WKH

LQYHUWHU LV UHVWDUWHG GXULQJ FRDVWLQJï

1RWH WKDW WKH IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU

LQVWDQWDQHRXV SRZHU IDLOXUH PD\ EH XVHG WR UHVWDUW

WKH LQYHUWHU ZKLOH WKH PRWRU LV FRDVWLQJï õ (èíí PD\

RQO\ EH UHVWDUWHG DW RFFXUUHQFH RI DQ LQVWDQWDQHRXV

SRZHU IDLOXUHïô

ìïäïé 5HJHQHUDWLYH EUDNH

&RQQHFW RQO\ D GLVFKDUJH UHVLVWRU GHVLJQHG IRU H[WHUQDO UHJHQHUDWLYH EUDNH WR WHUPLQDOV 3
DQG 35 õò DQG 35ôï

'R QRW FRQQHFW DQ HOHFWURPDJQHWLF EUDNHï :KHQ

XVLQJ DQ H[WHUQDOñ ODUJH WKHUPDOðFDSDFLW\ GLVFKDUJH

UHVLVWRU IRU UHJHQHUDWLYH EUDNHñ DOZD\V UHPRYH WKH

ZLULQJ RI WKH EXLOWðLQ GLVFKDUJH UHVLVWRU IRU

UHJHQHUDWLYH EUDNH RU WKH MXPSHUï
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ìïäïè ,î2 VLJQDOV

$SSO\ RQO\ D YROWDJH RI ZLWKLQ WKH SHUPLVVLEOH YDOXH WR WKH LQYHUWHU ,î2 VLJQDO FLUFXLWVï

7KH ,î2 GHYLFHV PD\ EH GDPDJHG LI D YROWDJH KLJKHU

WKDQ WKH YDOXH LQGLFDWHG LQ 6HFWLRQ ìïêïë LV DSSOLHG WR

WKH LQYHUWHU ,î2 VLJQDO FLUFXLWV RU UHYHUVH SRODULW\ LV

XVHGï %HIRUH XVLQJ WKH LQYHUWHUñ PDNH VXUH WKDW WKH

IUHTXHQF\ VHWWLQJ SRWHQWLRPHWHU LV FRQQHFWHG

FRUUHFWO\ DFURVV WHUPLQDOV ìíðè WR SUHYHQW D VKRUW

FLUFXLWï

ìïäïç &RQQHFWLRQ WR D ODUJHðFDSDFLW\ SRZHU VXSSO\

:KHQ FRQQHFWLQJ WKH LQYHUWHU QHDU D ODUJHðFDSDFLW\ SRZHU VXSSO\ñ LQVHUW D SRZHU IDFWRU

LPSURYLQJ UHDFWRUï

7KH LQYHUWHU LQSXW FXUUHQW YDULHV ZLWK WKH LPSHGDQFH

RI WKH SRZHU VXSSO\ õLïHï WKH SRZHU VXSSO\öV SRZHU

IDFWRU YDULHVôï )RU WKH SRZHU VXSSO\ FDSDFLW\ RI

ìííí.9$ RU PRUHñ LQVHUW D SRZHU IDFWRU LPSURYLQJ

UHDFWRUï õ)RU GHWDLOVñ UHIHU WR 6HFWLRQ ëïéïæïô

ìïäïæ *URXQGLQJ

$OZD\V JURXQG WKH PRWRU DQG LQYHUWHUï

õìô3XUSRVH RI JURXQGLQJ

*HQHUDOO\ñ DQ HOHFWULFDO DSSDUDWXV KDV DQ HDUWK

WHUPLQDO DQG WKLV PXVW EH FRQQHFWHG WR WKH

JURXQG EHIRUH XVHï

$Q HOHFWULFDO FLUFXLW LV XVXDOO\ LQVXODWHG E\ DQ

LQVXODWLQJ PDWHULDO DQG HQFDVHGï +RZHYHUñ LW LV

LPSRVVLEOH WR PDQXIDFWXUH DQ LQVXODWLQJ PDWHULDO

ZKLFK FDQ VKXW RII D OHDNDJH FXUUHQW FRPSOHWHO\ñ

DQG DFWXDOO\ñ D VOLJKW FXUUHQW IORZ LQWR WKH FDVHï

7KH SXUSRVH RI JURXQGLQJ WKH FDVH RI DQ

HOHFWULFDO DSSDUDWXV LV WR SUHYHQW VRPHRQH IURP

JHWWLQJ DQ HOHFWULF VKRFN IURP WKLV OHDNDJH FXUUHQW

ZKHQ WRXFKLQJ LWï

7R DYRLG WKH LQIOXHQFH RI H[WHUQDO QRLVHñ WKLV

JURXQGLQJ LV LPSRUWDQW IRU DXGLR HTXLSPHQWñ

VHQVRUVñ FRPSXWHUV DQG RWKHU DSSDUDWXVHV ZKLFK

KDQGOH ORZðOHYHO VLJQDOV RU RSHUDWH YHU\ IDVWï
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õëô*URXQGLQJ PHWKRGV DQG JURXQGLQJ ZRUN

$V GHVFULEHG SUHYLRXVO\ñ JURXQGLQJ LV URXJKO\

FODVVLILHG LQWR DQ HOHFWULFDO VKRFN SUHYHQWLRQ W\SH

DQG D QRLVHðDIIHFWHG PDOIXQFWLRQ SUHYHQWLRQ W\SHï

7KHUHIRUHñ WKHVH WZR W\SHV VKRXOG EH

GLVFULPLQDWHG FOHDUO\ DQG WKH IROORZLQJ ZRUN PXVW

EH GRQH WR SUHYHQW WKH OHDNDJH FXUUHQW KDYLQJ WKH

LQYHUWHUöV KDUPRQLF FRPSRQHQWV IURP HQWHULQJ WKH

PDOIXQFWLRQ SUHYHQWLRQ W\SH JURXQGLQJã

ìô :KHUH SRVVLEOHñ XVH LQGHSHQGHQW JURXQGLQJ IRU

WKH LQYHUWHUï õ5HIHU WR WKH ILJXUH RQ WKH ULJKWïô

,I LQGHSHQGHQW JURXQGLQJ õõDô LQ ILJXUH RQ WKH

ULJKWïô LV LPSRVVLEOHñ XVH MRLQW JURXQGLQJ õõEô LQ

ILJXUH RQ WKH ULJKWïô ZKHUH WKH LQYHUWHU LV

FRQQHFWHG ZLWK WKH RWKHU HTXLSPHQW DW D

JURXQGLQJ SRLQWï -RLQW JURXQGLQJ DV LQ õõFô LQ

ILJXUH RQ WKH ULJKWïô PXVW EH DYRLGHG DV WKH

LQYHUWHU LV FRQQHFWHG ZLWK WKH RWKHU HTXLSPHQW

E\ D FRPPRQ JURXQG FDEOHï

$OVR D OHDNDJH FXUUHQW LQFOXGLQJ PDQ\

KDUPRQLF FRPSRQHQWV IORZV LQ WKH JURXQG

FDEOHV RI WKH LQYHUWHU DQG LQYHUWHUðGULYHQ PRWRUï

7KHUHIRUHñ WKH\ PXVW XVH WKH LQGHSHQGHQW

JURXQGLQJ PHWKRG DQG EH VHSDUDWHG IURP WKH

JURXQGLQJ RI HTXLSPHQW VHQVLWLYH WR WKH

DIRUHPHQWLRQHG QRLVHï

,Q D WDOO EXLOGLQJñ LW ZLOO EH D JRRG SROLF\ WR XVH

WKH QRLVHðDIIHFWHG PDOIXQFWLRQ SUHYHQWLRQ W\SH

JURXQGLQJ ZLWK VWHHO IUDPHV DQG FDUU\ RXW

HOHFWULF VKRFN SUHYHQWLRQ W\SH JURXQGLQJ XVLQJ

WKH LQGHSHQGHQW JURXQGLQJ PHWKRGï

ëô 8VH &ODVV ê JURXQGLQJ õJURXQGLQJ UHVLVWDQFH

ìíí: RU OHVVô IRU WKH ëíí9 FODVV LQYHUWHUñ DQG
XVH VSHFLDO &ODVV ê JURXQGLQJ õJURXQGLQJ

UHVLVWDQFH ìí: RU OHVVô IRU WKH éíí9 FODVV
LQYHUWHUï

êô 8VH WKH WKLFNHVW SRVVLEOH JURXQG FDEOHï 7KH

JURXQG FDEOH VKRXOG EH RI QRW OHVV WKDQ WKH

VL]H LQGLFDWHG LQ WKH WDEOH RQ WKH ULJKWï

éô 7KH JURXQGLQJ SRLQW VKRXOG EH DV QHDU DV

SRVVLEOH WR WKH LQYHUWHU WR PLQLPL]H WKH JURXQG

FDEOH OHQJWKï

èô 5XQ WKH JURXQG FDEOH DV IDU DZD\ DV SRVVLEOH

IURP WKH ,î2 ZLULQJ RI HTXLSPHQW VHQVLWLYH WR

QRLVHV DQG UXQ WKHP LQ SDUDOOHO LQ WKH PLQLPXP

GLVWDQFHï

çô 8VH RQH ZLUH LQ D éðFRUH FDEOH ZLWK WKH JURXQG

WHUPLQDO RI WKH PRWRU DQG JURXQG LW RQ WKH

LQYHUWHU VLGHï

,QYHUWHU
2WKHU

HTXLSPHQW

&ODVV ê
JURXQGLQJ

õDô ,QGHSHQGHQW JURXQGLQJ ïïï %HVW

,QYHUWHU
2WKHU

HTXLSPHQW

&ODVV ê
JURXQGLQJ

õEô -RLQW JURXQGLQJ ïïï *RRG

,QYHUWHU
2WKHU

HTXLSPHQW

&ODVV ê
JURXQGLQJ

õFô -RLQW JURXQGLQJ ïïï 1RW DOORZHG

*URXQGLQJ 0HWKRGV

*URXQG &DEOH 6L]HV

*URXQG &DEOH 6L]H0RWRU &DSDFLW\

ëíí9 FODVV éíí9 FODVV

êïæN: RU OHVV êïèPPë ëPPë

èïèñ æïèN: èïè PPë êïè PPë

ìì WR ìèN: ìé PPë å PPë

ìåïè WR êæN: ëë PPë ìé PPë

éèñ èèN: êå PPë ëë PPë

1RWHã 7KH DERYH VL]HV DUH GHULYHG IURP WKH û(OHFWULFDO

(TXLSPHQW %DVHOLQHû LVVXHG E\ WKH 0LQLVWU\ RI

,QWHUQDWLRQDO 7UDGH DQG ,QGXVWU\ DQG WKH û,QWHUQDO :LULQJ

5HJXODWLRQVû LVVXHG E\ WKH -DSDQ (OHFWULFDO $VVRFLDWLRQï
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ëïìïì 3ULQFLSOH DQG FRQWURO V\VWHP RI WKH LQYHUWHU &RPPRQ &20021

õìô3ULQFLSOH &20021

1)%

,0
3RZHU
VXSSO\

,QYHUWHU

'LUHFW
FXUUHQW

&RQYHUWHU FLUFXLW ,QYHUWHU FLUFXLW

$OWHUQDWLQJ
FXUUHQW

0RWRU

,QYHUWHU 6WUXFWXUH

7KH LQYHUWHU UHFWLILHV FRPPHUFLDO SRZHU LQWR D GLUHFW

FXUUHQW RQFH LQ WKH FRQYHUWHU FLUFXLW DQG FRQYHUWV LW LQWR

DQ DOWHUQDWLQJ FXUUHQW RI GHVLUHG IUHTXHQF\ LQ WKH

LQYHUWHU FLUFXLWï

7KH VSHHG õ1ô RI WKH LQGXFWLRQ PRWRU LV H[SUHVVHG E\

WKH IROORZLQJ IRUPXODã

I õIUHTXHQF\ô
1  

3 õQXPEHU RI PRWRU SROHVô
u õìð6ô >UîPLQ@

:KHUH 6 LV PRWRU VOLS

%\ FKDQJLQJ WKH IUHTXHQF\ õIô DV GHVLUHG LQ WKH LQYHUWHUñ

WKH PRWRU VSHHG FDQ EH YDULHG IUHHO\ï

$FWXDOO\ñ ZKHQ WKH IUHTXHQF\ õIô LV YDULHGñ WKH RXWSXW

YROWDJH õ9ô LV DOVR FKDQJHG WR SURGXFH D VXIILFLHQW

PRWRU WRUTXHï

õëô&RQWURO V\VWHP

ìô 9î) FRQWURO &20021

:KHQ YDU\LQJ WKH IUHTXHQF\ õIôñ WKH

FRQYHQWLRQDO WUDQVLVWRUL]HG LQYHUWHU H[HUFLVH

FRQWURO WR PDNH WKH UDWLR RI IUHTXHQF\ õIô WR 9

õRXWSXW YROWDJHô õ9îIô FRQVWDQW DV LQGLFDWHG

E\ WKH GRWWHG OLQH LQ WKH ILJXUH EHORZï 7KLV

V\VWHP LV WKHUHIRUH FDOOHG 9î) FRQWUROï

,Q WKLV V\VWHPñ D VXIILFLHQW WRUTXH ZLOO QRW EH

GHYHORSHG VLQFH WKH DFWXDOO\ HIIHFWLYH

YROWDJH UHGXFHV GXH WR D YROWDJH GURS LQ WKH

ZLULQJ DQG PRWRUöV SULPDU\ ZLQGLQJï 7KLV

SKHQRPHQRQ KDV JUHDWHU LQIOXHQFH DV WKH

VSHHG JHWV ORZHUï õ/RZðVSHHG WRUTXH ZLOO EH

VKRUWïô

+HQFHñ D YROWDJH GURS LV SUHðHVWLPDWHG WR

LQFUHDVH WKH YROWDJH õWRUTXH ERRVW õ1RWHôô DV

LQGLFDWHG E\ WKH FRQWLQXRXV OLQH LQ WKH ILJXUH

EHORZ WR FRPSHQVDWH IRU WKH WRUTXH VKRUWDJH

DW ORZ VSHHGï

7R PDNH XS IRU WKLV GLVDGYDQWDJHñ ZH

GHYHORSHG DGYDQFHG PDJQHWLF IOX[ YHFWRU

FRQWUROñ PDJQHWLF IOX[ YHFWRU FRQWURO DQG

JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU

FRQWUROï

í

9
RO
WD
JH

õ9
ô

7RUTXH ERRVW

YîI FRQVWDQW

)UHTXHQF\ õIô

1RWHã ,I WKH WRUTXH ERRVW LV WRR ODUJHñ WKH

WRUTXH LV GHYHORSHG VXIILFLHQWO\ EXW DQ

H[FHVVLYH FXUUHQW IORZVñ FDXVLQJ WKH

LQYHUWHU WR EH PRUH HDVLO\ UHVXOWLQJ LQ

DQ RYHUFXUUHQW õ2&7ô WULSï
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&RPSDULVRQ EHWZHHQ 0LWVXELVKL 7UDQVLVWRUL]HG ,QYHUWHU &RQWURO 6\VWHPV

,WHP 9î) FRQWURO

*HQHUDOð3XUSRVH

0DJQHWLF )OX[ 9HFWRU

&RQWURO

0DJQHWLF )OX[ 9HFWRU

&RQWURO

$GYDQFHG 0DJQHWLF )OX[

9HFWRU &RQWURO

0RWRU XVHG ZLWK LQYHUWHU
6WDQGDUG PRWRU

õ0LWVXELVKLñ RWKHUVô

6WDQGDUG PRWRU

õ0LWVXELVKLñ RWKHUVô

6WDQGDUG PRWRU

õ0LWVXELVKLñ RWKHUVô

6WDQGDUG PRWRU

õ0LWVXELVKLñ RWKHUVô

$XWR WXQLQJ IXQFWLRQ 8QQHFHVVDU\ 8QQHFHVVDU\ $V VWDQGDUG $V VWDQGDUG

6WDUWLQJîORZðVSHHG

WRUTXH õ6KRUW WLPHô

ì+]ã êíø RU OHVV

ê+]ã êíø

ç+]ã åíø

ì+]ãêíø WR èíø

ê+]ã ìèíø

ç+]ã ëííø

ì+]ã ìèíø

ê+]ã ìèíø

ç+]ã ìèíø

íïè+]ã ìèíø

ê+]ã ìèíø

ç+]ã ìèíø

6SHHG GHWHFWRU õ3/*ô 8QQHFHVVDU\ 8QQHFHVVDU\ 8QQHFHVVDU\ 8QQHFHVVDU\

6SHHG FRQWURO UDQJH ìãìí ìãìè ìãëí ìãìëí õGULYLQJ PRGHô

<HVî1R 1RW SURYLGHG

1RW SURYLGHG

6OLS FRPSHQVDWLRQ

SDUDPHWHUV SURYLGHG

LQGLYLGXDOO\

3URYLGHG 3URYLGHG

6OLS

FRPSHQVDWLRQ

&KDUDFð

WHULVWLF

6SHHG IOXFWXDWLRQ UDWLRã

ë WR èø

õ'HSHQGV RQ ORDG

PDJQLWXGHô

6SHHG IOXFWXDWLRQ UDWLRã

ë WR èø

õ'HSHQGV RQ ORDG

PDJQLWXGHô

6SHHG IOXFWXDWLRQ UDWLRã

ìø

õ1RW LQIOXHQFHG E\ ORDGô

6SHHG IOXFWXDWLRQ UDWLRã

ìø

õ1RW LQIOXHQFHG E\ ORDGô

7RUTXH FRQWURO 1RW SURYLGHG 1RW SURYLGHG 1RW SURYLGHG 1RW SURYLGHG

6SHHG FRQWURO (QDEOHG E\ 3/* ò RSWLRQ 1RW SURYLGHG (QDEOHG E\ 3/* ò RSWLRQ (QDEOHG E\ 3/* ò RSWLRQ

&RQWURO UHVSRQVH OHYHO ìí WR ëíUDGîV ëí WR êíUDGîV ëí WR êíUDGîV ëí WR êíUDGîV

$SSOLFDWLRQV
)DQñ SXPSñ JHQHUDO

LQGXVWULDO PDFKLQHVñ HWFï

*HQHUDO LQGXVWULDO

PDFKLQHVñ WUDQVIHU

PDFKLQHVñ HWFï

*HQHUDO LQGXVWULDO

PDFKLQHVñ WUDQVIHU

PDFKLQHVñ YHUWLFDO OLIW

DSSOLFDWLRQVñ HWFï

*HQHUDO LQGXVWULDO

PDFKLQHVñ WUDQVIHU

PDFKLQHVñ YHUWLFDO OLIW

DSSOLFDWLRQVñ HWFï

$SSOLFDEOH PRGHOV
$OO PRGHOV RI

)5 VHULHV

)5ð$íëéñ )5ð(èíí

VHULHV

)5ð$ëííñ )5ð$ëíì

VHULHV
)5ð$èíí VHULHV

FK
DS
WH
U
ë
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ëô *HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO
(èíí

7KH RXWSXW FXUUHQW RI WKH LQYHUWHU LV GLYLGHG LQWR

DQ H[FLWLQJ FXUUHQW DQG D WRUTXH FXUUHQW E\

YHFWRU RSHUDWLRQ DQG WKH YROWDJH LV

FRPSHQVDWHG IRU WR IORZ D PRWRU FXUUHQW ZKLFK

PHHWV WKH ORDG WRUTXHñ WKHUHE\ LPSURYLQJ WKH

ORZðVSHHG WRUTXHï 7KLV V\VWHP SURYLGHV D KLJK

õëííøô WRUTXH DW ç+]ï

,I WKH PRWRU FRQVWDQWV YDU\ VOLJKWO\ õZKHQ WKH

LQYHUWHU LV XVHG ZLWK WKH DQRWKHU PDQXIDFWXUHUV

PRWRUñ IRU H[DPSOHôñ WKLV V\VWHP SURYLGHV D

VWDEOHñ ODUJHñ ORZðVSHHG WRUTXH ZLWKRXW VSHFLILF

PRWRU FRQVWDQW VHWWLQJ RU WXQLQJñ DFKLHYLQJ KLJK

YHUVDWLOLW\ï

$V WKH LQYHUWHU SUHðVWRUHV WKH PRWRU FRQVWDQWV

UHTXLUHG IRU DULWKPHWLF RSHUDWLRQñ VLPSO\ VHWWLQJ

WKH PRWRU FDSDFLW\ H[HFXWHV WKH JHQHUDOð

SXUSRVH PDJQHWLF IOX[ YHFWRU FRQWUROï

7KH RXWSXW FXUUHQW õPRWRU

FXUUHQWô RI WKH LQYHUWHU LV

GLYLGHG LQWR DQ H[FLWLQJ

FXUUHQW õFXUUHQW UHTXLUHG

WR JHQHUDWH D PDJQHWLF

IOX[ô DQG D WRUTXH FXUUHQW

õFXUUHQW SURSRUWLRQDO WR

ORDG WRUTXHô E\ YHFWRU

RSHUDWLRQ DFFRUGLQJ WR

HDFK SKDVH RI WKH FXUUHQW

UHODWLYH WR WKH RXWSXW

YROWDJHï õ5HIHU WR WKH

ILJXUH RQ WKH ULJKWïô

(
[F
LWL
QJ

FX
UU
HQ
W

0RWRU FXUUHQW

7RUTXH FXUUHQW

:KHQ WKH PRWRU FXUUHQW YDULHV GXH WR ORDG

IOXFWXDWLRQñ WKH YROWDJH GURS RI WKH PRWRUöV

SULPDU\ VLGH õLQFOXGLQJ WKH ZLULQJô DOVR

FKDQJHVñ DIIHFWLQJ WKH PDJQLWXGH RI WKH

H[FLWLQJ FXUUHQWï

7KLV YROWDJH GURS LV IRXQG IURP WKH PRWRU DQG

SULPDU\ ZLULQJ FRQVWDQWV DQG WRUTXH FXUUHQW

PDJQLWXGHñ DQG WKH RXWSXW YROWDJH RI WKH

LQYHUWHU LV FRPSHQVDWHG IRU

õLQFUHDVHGîGHFUHDVHGô WR NHHS WKH SULPDU\

PDJQHWLF IOX[ RI WKH PRWRU FRQVWDQWï

êíí

ëíí

ìíí

í

ðìíí

ðëíí

êíí çíí äíí ìëíí ìèíí ìåííäí ìåí

/
RD
G
WR
UT
XH

õø
ô

6SHHG
õUîPLQô

êíí

ëíí

ìíí

í

ðìíí

ðëíí

äí êíí äíí ìèíí ìåíí

ìèí

ðìèí

/R
D
G
WR
UT
X
H
õø

ô

6SHHG
õUîPLQô

õDô*HQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO õEô9î) FRQWURO

6SHHGð7RUTXH &KDUDFWHULVWLF ([DPSOH IRU *HQHUDOð3XUSRVH 0DJQHWLF )OX[ 9HFWRU &RQWURO

õXVH RI LQYHUWHU ZLWK íïæèN: éðSROH PRWRUô

$OVRñ WKH PRWRU VSHHG YDULHV ZLWK ORDG IOXFWXDWLRQï

<RX FDQ FKRRVH WKH VOLS FRPSHQVDWLRQ IXQFWLRQ

ZKLFK HVWLPDWHV WKH PRWRU VOLS IURP WKH RXWSXW

FXUUHQW RI WKH LQYHUWHU WR NHHS WKH PRWRU VSHHG

FRQVWDQWï õ7KH FRQWURO PHWKRG LV GLIIHUHQW IURP WKDW RI
$èíí ïô

$W WKLV WLPHñ WKH WRUTXH FKDUDFWHULVWLF LV DV VKRZQ RQ

WKH ULJKWï

êíí

ëíí

ìíí

í

ðìíí

ðëíí

çíí äíí ìëíí ìèíí ìåííêííìåíêí
äí

/R
DG

WR
UT
XH

õø
ô

6SHHG
(r/m in)

6SHHGð7RUTXH &KDUDFWHULVWLF ([DPSOH IRU *HQHUDOð

3XUSRVH 0DJQHWLF )OX[ 9HFWRU &RQWURO ZKHQ 6OLS

&RPSHQVDWLRQ ,V 6HOHFWHG

õ8VH RI LQYHUWHU ZLWK íïæèN: éðSROH PRWRUô
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êô $GYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO $èíí

7KH RXWSXW FXUUHQW RI WKH LQYHUWHU LV GLYLGHG LQWR

DQ H[FLWLQJ FXUUHQW DQG D WRUTXH FXUUHQW E\

YHFWRU RSHUDWLRQ DQG WKH IUHTXHQF\ DQG YROWDJH

DUH FRPSHQVDWHG IRU WR IORZ D PRWRU FXUUHQW

ZKLFK PHHWV D ORDG WRUTXHñ WKHUHE\ LPSURYLQJ D

ORZðVSHHG WRUTXH DQG VSHHG DFFXUDF\ï 7KLV

V\VWHP SURYLGHV D KLJK õìèíøô WRUTXH DW íïè+]ï

7KH RXWSXW FXUUHQW õPRWRU FXUUHQWô RI WKH

LQYHUWHU LV GLYLGHG LQWR DQ H[FLWLQJ FXUUHQW

õFXUUHQW UHTXLUHG WR JHQHUDWH D PDJQHWLF IOX[ô

DQG D WRUTXH FXUUHQW

õFXUUHQW SURSRUWLRQDO WR

ORDG WRUTXHô E\ YHFWRU

RSHUDWLRQ DFFRUGLQJ WR

HDFK SKDVH RI WKH FXUUHQW

UHODWLYH WR WKH RXWSXW

YROWDJHï õ5HIHU WR WKH

ILJXUH RQ WKH ULJKWïô

(
[F
LWL
QJ

FX
UU
HQ
W

0RWRU FXUUHQW

7RUTXH FXUUHQW

7KH DFWXDO PRWRU VSHHG LV HVWLPDWHG IURP WKH

WRUTXH FXUUHQW DQG WKH RXWSXW IUHTXHQF\ LV

FRPSHQVDWHG IRU õLQFUHDVHGîGHFUHDVHGô WR

DFKLHYH WKH SUHVHW VSHHGï á6OLS FRPSHQVDWLRQ!

:KHQ WKH PRWRU FXUUHQW YDULHV GXH WR ORDG

IOXFWXDWLRQñ WKH YROWDJH GURS RI WKH PRWRUöV

SULPDU\ VLGH õLQFOXGLQJ WKH ZLULQJô DOVR

FKDQJHVñ DIIHFWLQJ WKH PDJQLWXGH RI WKH

H[FLWLQJ FXUUHQWï

7KLV YROWDJH GURS LV IRXQG IURP WKH PRWRU DQG

SULPDU\ ZLULQJ FRQVWDQWV DQG WRUTXH FXUUHQW

PDJQLWXGHñ DQG WKH RXWSXW YROWDJH RI WKH

LQYHUWHU LV FRPSHQVDWHG IRU

õLQFUHDVHGîGHFUHDVHGô WR NHHS WKH SULPDU\

PDJQHWLF IOX[ RI WKH PRWRU FRQVWDQWï

�$GYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO LV

GLIIHUHQW LQ JUH\ðVKDGRZHG DUHDV IURP

JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO

DQG FDQ GHYHORS D KLJK WRUTXH GRZQ WR D ORZ

VSHHGï

ëíí

ìíí

í

ðìíí

ðëíí

ëíí éíí çíí åíí ìííí ìëíí ìéíí ìçíí ìåíí ëííí

êí+] çí+]ç+]

ëíí

ìíí

í

ðìíí

ðëíí

èí ìíí ìèí ëíí

7
RU
T
XH

õø
ô

6SHHG õUîPLQô

7
RU
T
XH

õø
ô

6SHHG õUîPLQô

([SDQGHG

6SHHGð7RUTXH &KDUDFWHULVWLF ([DPSOH IRU $GYDQFHG 0DJQHWLF )OX[ 9HFWRU &RQWURO

õ2QOLQH DXWR WXQLQJ VHOHFWHGñ LQYHUWHU XVHG ZLWK êïæN: éðSROH PRWRUô

$OVRñ ZKHQ WKH RQOLQH DXWR WXQLQJ LV

VHOHFWHGñ WKH PRWRU LV WXQHG UDSLGO\ ZKHQ

VWDUWLQJñ DOORZLQJ KLJKðDFFXUDF\ RSHUDWLRQ

XQDIIHFWHG E\ PRWRU WHPSHUDWXUHV DQG

KLJKðWRUTXHñ VWDEOH RSHUDWLRQ GRZQ WR DQ

XOWUDðORZ VSHHGï

7KH PRWRU WHPSHUDWXUHðVSHHG IOXFWXDWLRQ

FKDUDFWHULVWLF H[DPSOH LV VKRZQ RQ WKH

ULJKWï
í ìí ëí êí éí èí çí æí

í

éí

åí

ìçí

ìëí

ëí

çí

ìíí

ìéí

ëéí

ëçí

ëåí

êëí

êíí

ëèí

ëæí

ëäí

êìí

6
SH
HG

>U
îP
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@

6SHHGã ZLWK WXQLQJ

6SHHGã ZLWKRXW WXQLQJ

0RWRU WHPSHUDWXUH

7
HP

SH
UD
WX
UH
>q
&
@

(ODSVHG WLPH >PLQï@

0RWRU 7HPSHUDWXUHð6SHHG )OXFWXDWLRQ &KDUDFWHULVWLF ([DPSOH

õ6)ð-5 êïæN: éðSROH PRWRUô

õ2QOLQH DXWR WXQLQJ VHOHFWHGñ UHSHDWHG RSHUDWLRQ DW äíø GXW\ô

FK
DS
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U
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ëïìïë 5DWHG FDSDFLW\ RI WKH LQYHUWHU &20021

7KH UDWHG FDSDFLW\ RI WKH LQYHUWHU LV FDOFXODWHG RQ WKH

EDVLV RI WKH UDWHG RXWSXW FXUUHQWï

5DWHG LQYHUWHU FDSDFLW\ õN9$ô

 ê u UDWHG RXWSXW YROWDJH õ9ô u
UDWHG RXWSXW FXUUHQW õ$ô u ìíðê

7KH UDWHG RXWSXW FXUUHQW LV D FXUUHQW YDOXH ZKLFK WKH

LQYHUWHU FDQ RXWSXW FRQWLQXRXVO\ DW WKH UDWHG RXWSXW

YROWDJHï 7KH LQYHUWHU PXVW DOZD\V EH XVHG DW QR

PRUH WKDQ WKLV FXUUHQW YDOXHï

7KH RYHUORDG FDSDFLW\ LV GHILQHG DV WKH SHUPLVVLEOH

YDOXH RI D FXUUHQW EH\RQG WKH UDWHG RXWSXW FXUUHQW RI

WKH LQYHUWHUï 7KH RYHUORDG FDSDFLW\ RI WKH )5ð$èííñ

)5ð(èíí VHULHV LQYHUWHU LV ìèíø IRU RQH PLQXWHï $W D

VWDUW RU IRU LQVWDQWDQHRXV RYHUORDGñ WKH LQYHUWHU PXVW

EH XVHG DW QRW PRUH WKDQ WKH RYHUORDG FDSDFLW\ï

7KH FDSDFLW\ RI WKH WUDQVLVWRUL]HG LQYHUWHU LV

FODVVLILHG RQ WKH EDVLV RI WKH UDWHG PRWRU RXWSXW

õN:ôï 7KLV UDWHG FDSDFLW\ DSSOLHV WR WKH RSHUDWLRQ RI

RQH JHQHUDOðSXUSRVH VTXLUUHOðFDJH LQGXFWLRQ PRWRU RI

WZR WR VL[ SROHV HVSHFLDOO\ ZKHQ WKHUH DUH QR

UHVWULFWLRQV RQ DFFHOHUDWLRQ WLPH DQG VWDUWLQJ WRUTXHï

7KH FDSDFLW\ PXVW EH VHOHFWHG DFFRUGLQJO\ ZKHQ

UXQQLQJ D VSHFLDO PRWRU RU GULYLQJ VHYHUDO PRWRUV LQ

SDUDOOHO E\ RQH LQYHUWHUñ RU ZKHQ DQ RSHUDWLRQ SDWWHUQ

RU ORDG WRUTXH KDV EHHQ VSHFLILHGï

õìô2SHUDWLRQ RI RQH PRWRU &20021

6HOHFW WKH LQYHUWHU WR VDWLVI\ WKH IROORZLQJ

FRQGLWLRQã

5DWHG LQYHUWHU RXWSXW FXUUHQW t
UDWHG PRWRU FXUUHQW u ìïì

õ7KH FXUUHQW WKDW IORZV ZKHQ D VWDQGDUG PRWRU LV

GULYHQ E\ WKH LQYHUWHU LV DERXW ìïì WLPHV ODUJHU

WKDQ WKH FXUUHQW WKDW IORZV ZKHQ WKH PRWRU LV UXQ

ZLWK WKH FRPPHUFLDO SRZHU VXSSO\ïô

1RWHã :KHQ WKH LQYHUWHU LV XVHG FRQWLQXRXVO\ DW

UDWHG WRUTXH DW èí+]ñ QRWH WKH SHUPLVVLEOH

FRQWLQXRXV WRUTXH RI WKH PRWRUï

)RU PRUH LQIRUPDWLRQñ UHIHU WR WKH

FDWDORJîPDQXDO RI WKH FRUUHVSRQGLQJ

LQYHUWHU VHULHVï

õëô2SHUDWLRQ RI WZR RU PRUH PRWRUV &20021

:KHQ WZR RU PRUH PRWRUV DUH FRQQHFWHG WR RQH

LQYHUWHU DQG WKH RXWSXW VLGH PDJQHWLF FRQWDFWRU LV

XVHG WR VWDUWîVWRS WKH PRWRUV GXULQJ LQYHUWHU

RSHUDWLRQñ KRZ WR VHOHFW WKH LQYHUWHU FDSDFLW\

GLIIHUV GHSHQGLQJ RQ KRZ VWDUWðXS LV PDGHï

ìô 6LPXOWDQHRXV VWDUW

1)% 0&

,0ì

,0ë

,QYHUWHU

:KHQ WZR RU PRUH PRWRUV DUH DOZD\V VZLWFKHG

RQðRII DW WKH VDPH WLPHñ VHOHFW WKH LQYHUWHU WR

VDWLVI\ WKH IROORZLQJ FRQGLWLRQã

5DWHG LQYHUWHU RXWSXW FXUUHQW t
VXP RI UDWHG FXUUHQWV RI DOO PRWRUV u ìïì

>([DPSOH@2SHUDWLRQ RI WKUHH 6)ð-5 ìïèN:

éðSROH PRWRUV õUDWHG FXUUHQW çïí$ñ

VWDUWLQJ FXUUHQW éåïé$ô

6HOHFW WKH )5ð$èëíðèïè. LQYHUWHU

UDWHG DW õçïí$ u WKUHH PRWRUV u ìïìô
ìäïå$ RU PRUH DQG KDYLQJ FXUUHQW

OLPLW IXQFWLRQï
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ëô 6HTXHQWLDO VWDUW

1)% 0&ì

,0ì

,0ë

0&

,QYHUWHU

:KHQ PRWRUV DUH VWDUWHG IURP WKH ILUVW RQHï

:KHQ WKH FXUUHQW OLPLW IXQFWLRQ LV DFWLYDWHGñ WKH

IUHTXHQF\ FKDQJHV DEUXSWO\ï ,Q D VHTXHQWLDO

VWDUWñ WKHUHIRUHñ WKH VSHHGV RI WKH PRWRUV

DOUHDG\ VWDUWHG FKDQJH VXGGHQO\ï

$FFRUGLQJ WR WKH PDFKLQH VSHFLILFDWLRQVñ

WKHUHIRUHã

x :KHQ WKH IDVWðUHVSRQVH FXUUHQW OLPLW

IXQFWLRQ RI WKH LQYHUWHU LV XWLOL]HG WR

PLQLPL]H WKH LQYHUWHU FDSDFLW\

5DWHG LQYHUWHU RXWSXW FXUUHQW t
VXP RI UDWHG FXUUHQWV RI DOO PRWRUV u ìïì

x :KHQ LW LV QRW GHVLUHG WR DIIHFW WKH

PRWRUV DOUHDG\ VWDUWHG á7KH SRLQW LV WR

PDNH VHOHFWLRQ VR WKDW WKH FXUUHQW OLPLW

IXQFWLRQ LV QRW DFWLYDWHG!

5DWHG LQYHUWHU RXWSXW FXUUHQW t VXP RI

UDWHG FXUUHQWV RI PRWRUV DOUHDG\ VWDUWHG

u ìïì ò VWDUWLQJ FXUUHQW RI PRWRU VWDUWHG

ODVW õ1RWHô

1RWHã 0RWRU VWDUWLQJ FXUUHQWã 6HOHFW WKH

LQYHUWHU VR WKDW WKH VWDUWLQJ FXUUHQW RI

WKH PRWRU LV ç WR å WLPHV JUHDWHU WKDQ

WKH UDWHG FXUUHQW RI WKH PRWRUï

>([DPSOH@2SHUDWLRQ RI WKUHH 6)ð-5 ìïèN:

éðSROH PRWRUV õUDWHG FXUUHQW çïí$ñ

VWDUWLQJ FXUUHQW éåïé$ô

x :KHQ WKH IDVWðUHVSRQVH FXUUHQW OLPLW IXQFWLRQ

RI WKH LQYHUWHU LV XWLOL]HG WR PLQLPL]H WKH

LQYHUWHU FDSDFLW\

6HOHFW WKH )5ð$èëíðèïè. LQYHUWHU UDWHG DW

õçïí$ u WKUHH PRWRUV u ìïì  ô ìäïå$ RU PRUH

DQG KDYLQJ FXUUHQW OLPLW IXQFWLRQï

x :KHQ LW LV QRW GHVLUHG WR DIIHFW WKH PRWRUV

DOUHDG\ VWDUWHG

6HOHFW WKH )5ð$èëíðìåïè. LQYHUWHU UDWHG DW

õçïí$ u WZR PRWRUV u ìïì ò éåïé$  ô çìïç$ RU

PRUH DQG KDYLQJ FXUUHQW OLPLW IXQFWLRQï

õêô /LJKW PRWRU ORDG &20021

,I WKH ORDG LV H[WUHPHO\ OLJKW DV FRPSDUHG WR WKH

UDWHG WRUTXH RI WKH PRWRU XVHGñ WKH PRWRU FXUUHQW

LV VPDOOHU WKDQ WKH UDWHG FXUUHQWï +HQFHñ FRVW PD\

EH UHGXFHG E\ XVLQJ DQ LQYHUWHU KDYLQJ D VPDOOHU

UDWHG FDSDFLW\ WKDQ WKH PRWRU FDSDFLW\ï ,Q WKLV

FDVHñ WKH IROORZLQJ PXVW EH QRWHG LQ GHWHUPLQLQJ

WKH UDWHG LQYHUWHU FDSDFLW\ã

$Q H[FLWLQJ FXUUHQW õQRðORDG FXUUHQWôñ êí WR èíø RI

WKH UDWHG PRWRU FXUUHQWñ IORZV LQ D VWDQGDUG PRWRUñ

LI XQGHU QR ORDGï )RU WKLV UHDVRQñ DQ LQYHUWHU ZLWK

H[WUHPHO\ VPDOO UDWHG FDSDFLW\ FDQQRW EH XVHGï

8QGHU D OLJKW ORDGñ WKH ULSSOH IDFWRU RI WKH FXUUHQW

LV KLJKHU WKDQ WKDW XQGHU D UDWHG ORDG LI WKH

HIIHFWLYH FXUUHQW YDOXH LV WKH VDPHï 6LQFH WKH

LQYHUWHU GHWHFWV WKH LQVWDQWDQHRXV FUHVW YDOXH RI

WKH PRWRU FXUUHQW WR SURYLGH SURWHFWLRQ DJDLQVW

RYHUFXUUHQWñ WKH FXUUHQW OLPLW IXQFWLRQ PD\ EH

DFWLYDWHG DW WKH FUHVW YDOXH GXH WR D ULSSOH HYHQ LI

WKH HIIHFWLYH FXUUHQW YDOXH LV VPDOOï

)RU OLJKWðORDG RSHUDWLRQñ WKHUHIRUHñ LW LV WKH EHVW

SROLF\ WR VHOHFW WKH LQYHUWHU FDSDFLW\ ZKLFK

FRUUHVSRQGV WR WKH FDSDFLW\ RI WKH PRWRU XVHGï

õéô6SHFLDO PRWRU õHïJï FRQVWDQWðWRUTXH PRWRU

GHGLFDWHG WR LQYHUWHU XVHô

'LIIHUHQW LQ PRWRU HOHFWULFDO FLUFXLW FRQVWDQWV IURP

D VWDQGDUG PRWRUñ D PRWRU GHGLFDWHG WR LQYHUWHU

IRU LQFUHDVHG WRUTXH DW ORZ IUHTXHQF\ PD\ EH

PRUH LQVWDEOH LQ PRWRU FKDUDFWHULVWLF RU EH ODUJHU

LQ FXUUHQW ULSSOH HVSHFLDOO\ LQ WKH ORZ IUHTXHQF\

UDQJH õDERXW ëí+] RU OHVVôï :KHQ WKH LQYHUWHU LV

XVHG ZLWK VXFK D VSHFLDO PRWRU õGLIIHUHQW LQ

HOHFWULFDO GHVLJQ IURP WKH VWDQGDUG PRWRUôñ VHOHFW

WKH LQYHUWHU FDSDFLW\ DIWHU IXOO\ FKHFNLQJ WKH PRWRU

FKDUDFWHULVWLFVñ QRWLQJ WKH IROORZLQJã

ìô &KRRVH WKH LQYHUWHU FDSDFLW\ RQH RU WZR UDQNV

KLJKHU WKDQ WKH VWDQGDUGï

ëô 0DWFK WKH 9î) SDWWHUQ ZLWK WKH PRWRU

FKDUDFWHULVWLF XVLQJ 3Uï í õWRUTXH ERRVWôï

êô ,QVHUW D UHDFWRU õ)5ð%2/ô LQ WKH LQYHUWHU RXWSXW

FLUFXLW WR VXSSUHVV WKH FXUUHQW ULSSOH RI WKH

PRWRUï
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ìäë

õèô )RU VHOHFWLRQ RI WKH DGYDQFHG PDJQHWLF IOX[

YHFWRU FRQWURO V\VWHP $èíí

6HOHFW WKH DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO IRU

D ORDG ZKLFK UHTXLUHV D ODUJH VWDUWLQJ WRUTXH õì+]

ìèíø WRUTXHô RU D ORDG ZKLFK UHTXLUHV D ìêí WR

ìéíø DYHUDJH DFFHOHUDWLRQ WRUTXH WR GHFUHDVH WKH

DFFHOHUDWLRQ WLPHï

7KH DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO PD\ RQO\

EH XVHG XQGHU WKH IROORZLQJ FRQGLWLRQVã

ìô 7KH DSSOLHG PRWRU LV D VWDQGDUG VTXLUUHOðFDJH

PRWRU õëñ é RU ç SROHVô RU FRQVWDQWðWRUTXH PRWRU

õé SROHVôï

ëô 7KH LQYHUWHU FDSDFLW\ LV HTXDO WR RU RQH UDQN

KLJKHU WKDQ WKH PRWRU FDSDFLW\ï

êô 7KH QXPEHU RI PRWRUV FRQQHFWHG WR WKH

LQYHUWHU LV RQHñ LïHï VLQJOHðPRWRU RSHUDWLRQï

� ,I WKH PRWRU XVHG LV RWKHU WKDQ WKH DERYH

UHTXLUHPHQW DV VWDWHG LQ ìôñ SHUIRUP DXWR

WXQLQJï

õçô)RU VHOHFWLRQ RI WKH JHQHUDOðSXUSRVH PDJQHWLF

IOX[ YHFWRU FRQWURO V\VWHP (èíí

6HOHFW WKH JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU

FRQWURO ZKHQ \RX QHHG D ODUJH VWDUWLQJ WRUTXH

õê+] ëííø WRUTXHô IRU D VPDOO FDSDFLW\ RU ZKHQ LW

LV GHVLUHG WR VKRUWHQ WKH DFFHOHUDWLRQ WLPHï

:KHQ FKRRVLQJ WKH JHQHUDOðSXUSRVH PDJQHWLF

IOX[ YHFWRU FRQWUROñ VHW WKH FDSDFLW\ õN:ô RI WKH

DSSOLHG PRWRUï

:KHQ XVLQJ D FRQVWDQWðWRUTXH PRWRUñ VHW ûìûï

õFRQVWDQWðWRUTXH PRWRUô LQ 3Uï æì õDSSOLHG PRWRU

VHOHFWLRQôï

:KHQ XVLQJ WKH JHQHUDOðSXUSRVH PDJQHWLF IOX[

YHFWRU FRQWURO PRGHñ WKHUH DUH WKH IROORZLQJ

UHVWULFWLRQVã

ìô 6WDQGDUG VTXLUUHOðFDJH PRWRU õíïìN: RU PRUHô

ZKRVH FDSDFLW\ LV HTXDO WR RU RQH UDQN ORZHU

WKDQ WKH LQYHUWHU FDSDFLW\ï ëíí9 FODVV éðSROH

FRQVWDQWðWRUTXH PRWRU õ6)ð-5&$ô LV DSSOLFDEOH

WR íïé WR êïæN:ï

ëô 7KH QXPEHU RI PRWRU SROHV LV ëñ é RU çï õé

SROHV RQO\ IRU FRQVWDQWðWRUTXH PRWRUô <RX QHHG

QRW VHW WKH QXPEHU RI PRWRU SROHVï

êô 6LQJOHðPRWRU RSHUDWLRQ õRQH PRWRU LV UXQ E\

RQH LQYHUWHUôï

,I DQ\ RI WKH DERYH FRQGLWLRQV DUH QRW VDWLVILHGñ

H[FHOOHQW RSHUDWLRQ FKDUDFWHULVWLFV PD\ QRW EH

SURYLGHGï
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ëïìïê 6WDUWLQJ 7RUTXH DQG 6WDUWLQJ &XUUHQW RI WKH 0RWRU &20021

:KHQ WKH JHQHUDOðSXUSRVH PRWRU LV IXOOðYROWDJH

VWDUWHG ZLWK WKH FRPPHUFLDO SRZHU VXSSO\ñ WKH

VWDUWLQJ FXUUHQW LV JHQHUDOO\ DERXW ç WR æ WLPHV ODUJHU

WKDQ WKH UDWHG PRWRU FXUUHQW DQG WKH PRWRU VWDUWLQJ

WRUTXH LV DSSUR[LPDWHO\ ìèí WR ëèíø RI WKH UDWHG

PRWRU WRUTXHï

+RZHYHUñ WKH VWDUWLQJ DQG DFFHOHUDWLRQ FKDUDFWHULVð

WLFV RI WKH PRWRU XVHG ZLWK WKH LQYHUWHU DUH UHVWULFWHG

E\ WKH RYHUORDG FDSDFLW\ RI WKH LQYHUWHU XVHG DQG DUH

GLIIHUHQW IURP WKRVH ZKHQ WKH PRWRU LV IXOOðYROWDJH

VWDUWHG ZLWK WKH FRPPHUFLDO SRZHU VXSSO\ï

6LQFH WKH PRWRU LV DFFHOHUDWHG ZLWK WKH PRWRU

VWDUWLQJîDFFHOHUDWLRQ FXUUHQW NHSW ZLWKLQ WKH RYHUORDG

FDSDFLW\ õìèíø RI WKH UDWHG RXWSXW FXUUHQWô RI WKH

LQYHUWHUñ WKH VWDUWLQJ WRUTXH DQG DFFHOHUDWLRQ WRUTXH

DUH VPDOOHU WKDQ WKRVH ZKHQ WKH PRWRU LV IXOOðYROWDJH

VWDUWHG ZLWK WKH FRPPHUFLDO SRZHU VXSSO\ï 6SHHGð

WRUTXH DQG VSHHGðFXUUHQW FKDUDFWHULVWLF H[DPSOHV RI

WKH JHQHUDOðSXUSRVH PRWRU DUH DV VKRZQ LQ WKH

ILJXUHV RQ WKH ULJKWï :KHQ WKH PRWRU LV XVHG ZLWK WKH

LQYHUWHU RI WKH FRUUHVSRQGLQJ FDSDFLW\ñ WKH WRUTXH DW

WKH VSHHG FRUUHVSRQGLQJ WR WKH LQWHUVHFWLRQ RI õìèíø

RI WKH UDWHG LQYHUWHU RXWSXW FXUUHQWô DQG WKH FXUUHQW

FKDUDFWHULVWLF DW HDFK IUHTXHQF\ LV WKH PD[LPXP

WRUTXH õVKRUWðGXUDWLRQ UDWLQJô JHQHUDWHG E\ WKH

PRWRUï ,Q WKH H[DPSOH VKRZQ RQ WKH ULJKWñ WKH

VWDUWLQJ WRUTXH DW WKH VSHHG RI í LV ììåø õSRLQW $ôï

:KHQ WKH FDSDFLW\ RI WKH LQYHUWHU XVHG ZLWK WKH

PRWRU LV LQFUHDVHG E\ RQH UDQNñ WKH VWDUWLQJ WRUTXH

DQG PD[LPXP WRUTXH LQFUHDVH LQ SURSRUWLRQ WR WKH

ULVH LQ RYHUORDG FDSDFLW\ DV VKRZQ RQ WKH ULJKWï

:KHQ WKH VWDUWLQJ WRUTXH DQG DFFHOHUDWLRQ WRUTXH DUH

LQVXIILFLHQWñ LW LV HIIHFWLYH WR LQFUHDVH WKH LQYHUWHU

FDSDFLW\ E\ RQH UDQNï

&KDQJLQJ LQ SURSRUWLRQ WR WKH VTXDUH RI WKH YROWDJHñ

WKH PRWRUðJHQHUDWHG WRUTXH LV LQIOXHQFHG E\ WKH

LQYHUWHU RXWSXW YROWDJHï

6LQFH WKH RXWSXW YROWDJH RI WKH )5 VHULHV LQYHUWHU

FKDQJHV LQ SURSRUWLRQ WR WKH FKDQJH LQ LQSXW YROWDJH

õSRZHU VXSSO\ YROWDJHô RI WKH LQYHUWHUñ WKH PRWRU

VSHHG YDULHVñ FKDQJLQJ WKH PRWRU FXUUHQWï

ëèí

ëíí

ìèí

ìíí

èí

í
êíí äíí ìèíí ìåíí

ê ç ìí êí èí çí+]

$

í õUîPLQô

7
RU
T
XH

õø
ô 0D[LPXP

VKRUWð
GXUDWLRQ
WRUTXH

6SHHG

ëëí9 çí+]
6)ð-5 ìïèN: é3
)5ð$ëëíðìïè.
7RUTXH ERRVW  
VWDQGDUG
õIDFWRU\ VHWWLQJô

2QH UDQN
KLJKHU FDSDFLW\

5DWHG
FDSDFLW\

9î) &RQWURO 6SHHGð7RUTXH &KDUDFWHULVWLF

ëíí

ìèí

ìíí

èí

í
êíí äíí ìèíí ìåíí

ê ç ìí êí èí çí+]

í
õUîPLQô

2QH UDQN
KLJKHU FDSDFLW\

5DWHG FDSDFLW\

6SHHG

&
X
UU
HQ
Wõ
ø
ô

9î) &RQWURO 6SHHGð&XUUHQW &KDUDFWHULVWLF
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ëïìïé 6WDUWLQJ 7RUTXH %RRVW &20021

7KH LGHDO FRQVWDQWðWRUTXH FKDUDFWHULVWLF LV SURYLGHG

ZKHQ WKH UDWLR RI WKH LQYHUWHU RXWSXW YROWDJH õ9ô WR

RXWSXW IUHTXHQF\ õIô LV DV LQGLFDWHG E\ WKH EURNHQ OLQH

LQ WKH ILJXUH RQ WKH ULJKW DQG WKH WRUTXH FKDUDFWHULVWLF

LQ WKH FRQVWDQW 9îI FRQWURO DUHD LV DV LQGLFDWHG E\ WKH

FRQWLQXRXV OLQH LQ WKH ILJXUH RQ WKH ULJKWï ,Q WKH ORZ

IUHTXHQF\ DUHDñ KRZHYHUñ VLQFH WKH DLUJDS PDJQHWLF

IOX[ RI WKH PRWRUñ LïHï (ìîIñ LV UHGXFHG E\ D YROWDJH

GURS GXH WR WKH SULPDU\ UHVLVWDQFH õUìô RI WKH

LQGXFWLRQ PRWRU DV VKRZQ LQ WKH PRWRU HTXLYDOHQW

FLUFXLW õ5HIHU WR WKH ILJXUH RQ WKH ULJKWôñ WKH PRWRU

WRUTXH GURSV DV LQGLFDWHG E\ WKH EURNHQ OLQH LQ WKH

ILJXUH RQ WKH ULJKWï

7R SUHYHQW WKH WRUTXH IURP UHGXFLQJ DW ORZ

IUHTXHQFLHVñ FRPSHQVDWH IRU WKH YROWDJH GURS GXH WR

WKH SULPDU\ UHVLVWDQFH WR FRPSHQVDWH IRU WKH LQYHUWHU

RXWSXW YROWDJH DV LQGLFDWHG E\ WKH FRQWLQXRXV OLQH LQ

WKH ILJXUH RQ WKH ULJKWï 7KLV DOORZV WKH DLUJDS

PDJQHWLF IOX[ WR EH DSSUR[LPDWHO\ FRQVWDQW DQG WKH

WRUTXH FKDUDFWHULVWLF WR EH FORVH WR WKH FRQVWDQW

WRUTXH FKDUDFWHULVWLF DV VKRZQ LQ WKH ILJXUH RQ WKH

ULJKWï

7KH )5 VHULHV LQYHUWHUV KDYH D IXQFWLRQ WR DGMXVW WKH

LQYHUWHU RXWSXW YROWDJH õWRUTXH ERRVWôï :KHQ WKH

VWDUWLQJ ORDG WRUTXH LV ODUJHñ WKH SULPDU\ PRWRU

FXUUHQW õ,ìô LV KLJKHU WKDQ LQ WKH HTXLYDOHQW FLUFXLW LQ

ULJKW ILJXUH DQG (ì LV UHGXFHG E\ WKH YROWDJH GURS RI

WKH SULPDU\ UHVLVWDQFH õUìôï 7R FRPSHQVDWH IRU WKLVñ

WKH WRUTXH ERRVW IXQFWLRQ UDLVHV WKH LQYHUWHU RXWSXW

YROWDJHï

)RU GHWDLOV RI WKH WRUTXH ERRVWñ UHIHU WR 6HFWLRQ ìïçïäï

9ì (ì

U0

M[0

Oì Uì M[ì M[ë

Uë
6ì

Oë

9ìã 3ULPDU\ SKDVH YROWDJH
Oìã 3ULPDU\ FXUUHQW
Oëã 6HFRQGDU\ FXUUHFQW õYDOXH

FRQYHUWHG WR WKH SULPDU\
VLGHô

Uìã 3ULPDU\ UHVLVWDQFH
Uëã 6HFRQGDU\ UHVLVWDQFH

õYDOXH FRQYHUWHG WR WKH
SULPDU\ VLGHô

U0ã ,URQ ORVV UHVLVWDQFH
[0ã ([FLWLQJ WHDFWDQFH
[ìã 3ULPDU\ OHDN UHDFWDQFH
[ëã 6HFRQGDU\ OHDN UHDFWDQFH

õYDOXH FRQYHUWHG WR WKH
SULPDU\ VLGHô

6ìã 6OLS

(TXLYDOHQW &LUFXLW RI WKH 0RWRU

0
R
WR
U
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UP
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ô
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)UHTXHQF\ñ õIô >+]@

õ9ìîI  FRQVWDQWô

õ(ìîI FRQVWDQWô

7HUPLQDO 9ROWDJH YHUVXV )UHTXHQF\

7
RU
T
XH

6SHHG

7RUTXH &KDUDFWHULVWLF
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2.1.5 Acceleration/Deceleration Time of the Motor COMMON

To suppress the motor starting current within the
overload capacity of the inverter, start the motor at a
low frequency (factory set to 0.5Hz) and increase the
frequency little by little. When the motor is
decelerated from the set frequency, gradually
decrease the frequency to prevent the DC bus
voltage from being increased excessively by the
regenerative energy from the motor. For these
reasons, when the motor is accelerated and
decelerated by the inverter, the acceleration time
and deceleration time between zero and the
maximum frequency must be set in advance.

(1) Setting the acceleration time and deceleration
time COMMON

The acceleration time and deceleration time set
must be longer than those found from the torque
generated by the inverter-driven motor, the load
torque, and the motor and load inertia (GD2).
If the acceleration time setting is too short, the
overcurrent protective function (OC1) is activated
to stop the inverter. If the deceleration time
setting is too short, the overcurrent protective
function (OC3) or regenerative overvoltage
protective function (OV3) is activated to stop the
inverter.
The acceleration or deceleration time (function
number Pr. 7 or Pr. 8) value set from the

parameter unit (PU) is the length of time
between zero and the acceleration/deceleration
reference frequency (function number Pr. 20).
The time required to reach the set frequency can
be calculated by proportion as indicated in
Exercise 1. The frequency is found from the
operating speed and the number of motor poles
by using the formula below, with slip ignored:

speed [r/min] × number of poles
Frequency [Hz] =

120

Exercise 1:
When a four-pole motor is accelerated from 500 to
1000rpm in 10 seconds, acceleration time setting
is as follows (assuming that the acceleration/
deceleration reference frequency is the factory
setting of 60Hz):

1800r/min
t =

(1000 − 500)r/min
 × 10s = 36s

Hence, the acceleration time ( Pr. 7) is set to 36
seconds.

0r/min

500r/min

1000r/min

1800r/min
(60Hz)

Acceleration/deceleration reference frequency
(function number Pr. 20)

10 seconds

t seconds (acceleration time setting)

Acceleration Time Setting
Note : When the acceleration time or deceleration

time is set without enough examination, set
a long time and check during operation that
the OL display on the parameter unit is not
lit.
When this display is not lit, reduce the set
value and make the test again. Repeat this
operation until the optimum acceleration or
deceleration time is obtained.

ch
ap
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r 

2



6(/(&7,21

ìäç

õëô&DOFXODWLRQ RI DFFHOHUDWLRQ DQG GHFHOHUDWLRQ
&20021

1ë

1ì

WD WG

6SHHG

$FFHOHUDWLRQ WLPH 'HFHOHUDWLRQ WLPH
7LPH

$FFHOHUDWLRQî'HFHOHUDWLRQ 2SHUDWLRQ 3DWWHUQ

�)RU IXOO LQIRUPDWLRQ RQ KRZ WR FDOFXODWH

DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHVñ UHIHU WR

DQ\ RI WKH IROORZLQJ PDQXDOV DFFRUGLQJ WR WKH

RSHUDWLRQ SDWWHUQã

x 7HFKQLFDO 1RWH 1Rï ëë ã &DSDFLW\ 6HOHFWLRQ

õ'DWD 3DUWô

x 7HFKQLFDO 1RWH 1Rï ëê ã &DSDFLW\ 6HOHFWLRQ

õ&RQWLQXRXV

2SHUDWLRQô

x 7HFKQLFDO 1RWH 1Rï ëé ã &DSDFLW\ 6HOHFWLRQ

õ&\FOLF 2SHUDWLRQô

x 7HFKQLFDO 1RWH 1Rï ëè ã &DSDFLW\ 6HOHFWLRQ

õ(OHYDWLQJ

2SHUDWLRQô

ìô ([SUHVVLRQV IRU FDOFXODWLQJ WKH DFFHOHUDWLRQ

DQG GHFHOHUDWLRQ WLPHV õVLPSOH PHWKRGô

*'ë
7 u '1$FFHOHUDWLRQ

WLPH õWDô
 
êåïë u õ70 u D ð 7/PD[ô

ò WF >VHFï@

*'ë
7 u '1'HFHOHUDWLRQ

WLPH õWGô
 
êåïë u õ70 u E ò 7/PLQô

>VHFï@

ZKHUHñ

*'ë
7 ã )XOO *'ë  PRWRU *'ë

0 ò ORDG *'ë
/

õUHGXFHG WR DQ HTXLYDOHQW *'ë DW WKH

PRWRU VKDIWô >NJI �Pë@

'1 ã 'LIIHUHQFH EHWZHHQ PRWRU VSHHGV

EHIRUH DQG DIWHU DFFHOHUDWLRQî

GHFHOHUDWLRQ 1ì ð 1ë >UîPLQ ^USP`@

70 ã 5DWHG PRWRU WRUTXH

äèèí u 3
70  

1
>1�P^�P`@

7/PD[ ã 0D[LPXP ORDG WRUTXH

õUHGXFHG WR DQ HTXLYDOHQW *'ë DW WKH

PRWRU VKDIWô >1 �P ^NJ �P`@

7/PLQ ã 0LQLPXP ORDG WRUTXH

õUHGXFHG WR DQ HTXLYDOHQW *'ë DW WKH

PRWRU VKDIWô >1 �P ^NJ �P`@

D ã $FFHOHUDWLRQ WRUTXH FRHIILFLHQW õ1RWHô

E ã %UDNH WRUTXH FRHIILFLHQW õUHJHQHUDWLYH

EUDNLQJ WRUTXH IDFWRUô õ1RWHô

3 ã 5DWHG PRWRU RXWSXW >N:@

1 ã 0RWRU V\QFKURQRXV VSHHG DW çí+]

>UîPLQ ^USP`@

1RWHã 5HIHU WR WKH 7HFKQLFDO 1RWH 1Rï ëë õ'DWD

3DUWôï
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ëô &DOFXODWLRQ DQG VHWWLQJ H[DPSOH RI WKH

DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV õQRQðOLQHDU

DFFHOHUDWLRQ PRGHô

0DNH FDOFXODWLRQV DQG VHWWLQJV DV GHVFULEHG

EHORZ DFFRUGLQJ WR WKH UXQQLQJ IUHTXHQF\

DFWXDOO\ XVHG

õ 0D[LPXP RXWSXW IUHTXHQF\  çí+] ô

8VH D DQG E LQ WKH 7HFKQLFDO 1RWH 1Rï ëë

õ'DWD 3DUWôï

1ë  í

ìëí u DFFHOHUDWLRQîGHFHOHUDWLRQ

UHIHUHQFH IUHTXHQF\ õ 3Uï ëíô
1ì  

QXPEHU RI PRWRU SROHV

&DOFXODWH WD DQG WG DQG VHW WKH DFFHOHUDWLRQ

DQG GHFHOHUDWLRQ WLPHV DV IROORZVã

$FFHOHUDWLRQ WLPH õ 3Uï æô ! WD

'HFHOHUDWLRQ WLPH õ 3Uï åô ! WG

:KHQ UDSLG UHVSRQVH LV UHTXLUHGñ VHW WKH VPDOOHVW

YDOXHV WR D GHJUHH WKDW H[SUHVVLRQV DUH VDWLVILHGï

:KHQ VORZ DFFHOHUDWLRQ DQG GHFHOHUDWLRQ DUH

UHTXLUHGñ VHW WR WKH UHTXLUHG WLPHVï

([HUFLVH ë ã &DOFXODWHG LQ WKH FRQYHQWLRQDO XQLW

V\VWHP

$ FRQYH\RU LV GULYHQ E\ WKH 6)ð-5 ëïëN: é3

PRWRU DQG )5ð$èëíðëïë. LQYHUWHU õ9î) FRQWUROôï

6XSSRVH WKDW *'ë
0  íïíêè >NJI �Pë@ñ

*'ë
/  íïìè >NJI �P

ë@ñ 7/PD[  äïå >NJ �P@ñ

7/PLQ  èïåå >NJ �P@ñ DQG WKH DFFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHV DUH DV VKRUW DV SRVVLEOH

*'ë
7  íïíêè ò íïìè  íïìåè >NJI �P

ë@

ìëí u çí
'1  1ì ð 1ë  

é
ð í  ìåíí>USPîPLQ@

õ:KHQ WKH DFFHOHUDWLRQîGHFHOHUDWLRQ UHIHUHQFH

IUHTXHQF\ LV WKH IDFWRU\ VHWWLQJ RI çí+]ïô

äèèí u ëïë
70  

ìåíí
ììïçæ >NJ �P@

)URP 7HFKQLFDO 1RWH 1Rï ëë õ'DWD 3DUWô

6XSSRVLQJ WKDW WKH WRUTXH ERRVW LV VWDQGDUGñ

D  ìïëè

íïìåè u ìåíí
WD  

êåïë u õììïçæ u ìïëè ð äïåô
 ìïåë >VHFRQGV@

E  ìïí

íïìåè u ìåíí
WG  

êåïë u õììïçæ u ìïí ò èïååô
 íïèí >VHFRQGV@

+HQFHñ VHW WKH DFFHOHUDWLRQ WLPH WR ìïä VHFRQGV RU

ORQJHU DQG WKH GHFHOHUDWLRQ WLPH WR íïè VHFRQGV RU

ORQJHUï

õêô:KHQ WKHUH LV D UHVWULFWLRQ RQ DFFHOHUDWLRQ WLPH

õOLQHDU DFFHOHUDWLRQ PRGHô &20021

7KH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV IRXQG LQ

WKH SUHFHGLQJ VHFWLRQ DUH WKRVH IRU WKH QRQðOLQHDU

DFFHOHUDWLRQ PRGH LQ ZKLFK WKH PRWRU LV

DFFHOHUDWHG WR SUHYHQW WKH RYHUFXUUHQW SURWHFWLRQ

IURP EHLQJ DFWLYDWHG HYHQ ZKHQ WKH VWDOO

SUHYHQWLRQ IXQFWLRQ RI WKH LQYHUWHU LV DFWLYDWHGï

:KHQ WKH VWDOO SUHYHQWLRQ LV DFWLYDWHGñ WKH

DFFHOHUDWLRQ DQG GHFHOHUDWLRQ WLPHV PD\ EHFRPH

ORQJHU WKDQ WKHLU VHW YDOXHVï :KHQ LQ WKH OLQHDU

DFFHOHUDWLRQ PRGH LQ ZKLFK WKH PRWRU LV

DFFHOHUDWHG WR SUHYHQW WKH VWDOO SUHYHQWLRQ IURP

EHLQJ DFWLYDWHG VR WKDW WKH DFFHOHUDWLRQ DQG

GHFHOHUDWLRQ WLPHV PDWFK WKH F\FOH WLPHñ RU ZKHQ

WKH DFFHOHUDWLRQ WLPH IRXQG E\ H[SUHVVLRQ KDV

H[FHHGHG WKH UHTXLUHG YDOXHñ VHOHFW WKH PDJQHWLF

IOX[ YHFWRU FRQWURO PRGH õVHW IXQFWLRQ QXPEHUV

3Uï åí DQG 3Uï åìôñ UDLVH WKH WRUTXH ERRVW õDGMXVW

WKH IXQFWLRQ QXPEHU 3Uï íôñ RU LQFUHDVH WKH

LQYHUWHU FDSDFLW\ WR UDLVH WKH LQYHUWHU FXUUHQW

LPPXQLW\ GXULQJ DFFHOHUDWLRQï $OWHUQDWLYHO\ñ WKH

PRWRU FDSDFLW\ PD\ EH LQFUHDVHG õDQG WKH

LQYHUWHU FDSDFLW\ LQFUHDVHG DW WKH VDPH WLPHô WR

UDLVH WKH PRWRU DFFHOHUDWLRQ WRUTXHï
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ëïìïç 'HFHOHUDWLRQ &KDUDFWHULVWLF RI WKH ,QYHUWHU &20021

7R VKRUWHQ WKH DFFHOHUDWLRQ WLPHñ WKH WRUTXH ERRVW LV

UDLVHG RU WKH LQYHUWHU FDSDFLW\ RU PRWRU FDSDFLW\ LV

LQFUHDVHGï 7R UHGXFH WKH GHFHOHUDWLRQ WLPHñ DGG D

EUDNH XQLW RU LQFUHDVH WKH FDSDELOLW\ RI WKH EXLOWðLQ

EUDNH õLQFUHDVH WKH LQYHUWHU FDSDFLW\ôï

:KHQ WKH PRWRU LV GHFHOHUDWHG E\ WKH LQYHUWHUñ WKH

LQYHUWHU JUDGXDOO\ ORZHUV WKH RXWSXW IUHTXHQF\ DW D

VORSH RI WKH VHW GHFHOHUDWLRQ WLPHï ,I \RX WU\ WR

GHFHOHUDWH WKH PRWRU LQ D VKRUWHU WLPH WKDQ ZKHQ LW LV

FRDVWHG WR D VWRSñ WKH PRWRU LV UXQ DW QRW OHVV WKDQ

WKH V\QFKURQRXV VSHHG RI WKH JLYHQ IUHTXHQF\ï

+HQFHñ WKH PRWRU DFWV DV DQ LQGXFWLRQ JHQHUDWRU DQG

LWV URWDWLQJ HQHUJ\ LV SDUWO\ FRQVXPHG LQ WKH PRWRU

ZLQGLQJ DQG SDUWO\ DFFXPXODWHG LQ WKH FDSDFLWRU

LQVLGH WKH LQYHUWHUï 7KLV HQHUJ\ LV FRQVXPHG E\ WKH

GLVFKDUJH UHVLVWRU WR SURYLGH WKH UHVXOWDQW EUDNLQJ

DFWLRQ RI WKH PRWRUï

>%XLOWðLQ EUDNH UHVLVWRU SURWHFWLRQ@ $èíí

$Q\ LQYHUWHU RI æïè. DQG EHORZ LV SURYLGHG RQ LWV UHDU

VXUIDFH ZLWK D GLVFKDUJH UHVLVWRU IRU UHJHQHUDWLYH

EUDNLQJï :KHQ WKH EUDNH UHVLVWRU LV XVHG XS WR LWV

UDWLQJñ WKH WHPSHUDWXUH ULVHV FRQVLGHUDEO\ï 7KH

LQYHUWHU KDV D SURWHFWLYH IXQFWLRQ WR SURWHFW WKLV

UHVLVWRU DJDLQVW XVH EH\RQG LWV UDWLQJï :KHQ WKLV

SURWHFWLYH IXQFWLRQ LV DFWLYDWHGñ WKH EXLOWðLQ EUDNH

FLUFXLW LV

VKXWðRII WR GLVDEOH WKH EUDNLQJ DFWLRQï 7KHUHIRUHñ WKH

WHUPLQDO YROWDJH RI WKH FDSDFLWRU ULVHV WR DFWLYDWH WKH

UHJHQHUDWLYH RYHUYROWDJH VKXWðRII õ29ì WR 29êôñ

FRDVWLQJ WKH PRWRU WR D VWRSï 6LQFH WKLV SURWHFWLYH

IXQFWLRQ UHWXUQV WR WKH LQLWLDO VWDWH ZKHQ WKH LQYHUWHU

LV UHVHWñ WKH EUDNH UHVLVWRU LV UHJDUGHG DV FROG DW WKH

WLPH RI DXWRPDWLF UHVWDUWï 1RWH WKDW RSHUDWLRQ

SHUIRUPHG E\ UHSHDWLQJ UHVHW ZLOO FDXVH WKH EUDNH

UHVLVWRU WR RYHUKHDWï

1RWHã 7KH EUDNH GLVFKDUJH UHVLVWRU RQ WKH UHDU

VXUIDFH RI WKH LQYHUWHU XQLW ZLOO ULVH WR D KLJK

WHPSHUDWXUHï &DUHIXOO\ VHOHFW WKH LQVWDOODWLRQ

SODFH RI WKH LQYHUWHUï

�)RU IXOO LQIRUPDWLRQ RQ KRZ WR VHOHFW WKH EUDNH

UHVLVWRUñ EUDNH XQLW DQG RWKHU EUDNLQJ XQLWVñ UHIHU WR

DQ\ RI WKH IROORZLQJ PDQXDOV DFFRUGLQJ WR WKH

RSHUDWLRQ SDWWHUQã

x 7HFKQLFDO 1RWH 1Rï ëë ã &DSDFLW\ 6HOHFWLRQ

õ'DWD 3DUWô

x 7HFKQLFDO 1RWH 1Rï ëê ã &DSDFLW\ 6HOHFWLRQ

õ&RQWLQXRXV 2SHUDWLRQô

x 7HFKQLFDO 1RWH 1Rï ëé ã &DSDFLW\ 6HOHFWLRQ

õ&\FOLF 2SHUDWLRQô

x 7HFKQLFDO 1RWH 1Rï ëè ã &DSDFLW\ 6HOHFWLRQ

õ(OHYDWLQJ 2SHUDWLRQô

õìô%XLOWðLQ EUDNH XQLW $èíí

7KH EXLOWðLQ EUDNH FDQ SURYLGH ìíí WR ìèíø RI WKH

UDWHG PRWRU WRUTXH EXW PXVW EH XVHG ZLWKLQ è

VHFRQGV õGXW\ã OHVV WKDQ ë WR êø('ôï 6HOHFW WKH

LQYHUWHU ZKLFK VDWLVILHV WKH FRQGLWLRQV DIWHU ILQGLQJ

WKH SHUPLVVLEOH GXW\ WLPHñ DV LQ WKH 7HFKQLFDO

1RWH 1Rï ëë õ'DWD 3DUWôï

:KHQ D KLJKHU EUDNH GXW\ LV UHTXLUHGñ VHOHFW WKH

H[WHUQDO EUDNH UHVLVWRU RU EUDNH XQLW LQ

DFFRUGDQFH ZLWK 3DUDJUDSKV õëô RU õéôï ,Q WKLV

FDVHñ GLVFRQQHFW WKH OLQN IURP WKH EXLOWðLQ EUDNH

UHVLVWRUï

ìô 7KH PD[LPXP EUDNLQJ WRUTXH õø UHODWLYH WR WKH

PRWRU RXWSXW XVHG ZLWK WKH LQYHUWHUô YDOXH RI

WKH EXLOWðLQ EUDNH XQLW LV VKRZQ LQ 6HFWLRQ ìïìïìï

:KHQ WKH EUDNLQJ WRUTXH UHTXLUHG LV DERYH WKLV

YDOXHñ WKH LQYHUWHU FDSDFLW\ PXVW EH LQFUHDVHGï

7KH DGGLWLRQ RI WKH H[WHUQDO EUDNH UHVLVWRU GRHV

QRW LQFUHDVH WKH EUDNLQJ WRUTXHï

ëô 7KH UHJHQHUDWLYH EUDNLQJ GXW\ õ 3Uï æíô YDOXH RI

WKH EXLOWðLQ EUDNH UHVLVWRU LV LQGLFDWHG LQ 6HFWLRQ

ìïìïìï LI WKH GXW\ UHTXLUHG LV DERYH WKLV YDOXHñ

XVH WKH H[WHUQDO EUDNH UHVLVWRU õ)5ð$%5ñ 0<6ñ

056ô RU EUDNH XQLW õ%8ñ )5ð%8ôï

ó :KHQ IXUWKHU ODUJHU EUDNLQJ FDSDELOLW\ LV

UHTXLUHGñ ILW WKH SRZHU VXSSO\ UHJHQHUDWLQJ

FRQYHUWHU õ)5ð5&ôï

õëô([WHUQDO EUDNH UHVLVWRU &20021

:KHQ WKH LQYHUWHU LV XVHG LQ H[FHVV RI WKH

PD[LPXP GXW\ RI WKH EXLOWðLQ EUDNH UHVLVWRUñ WKH

H[WHUQDO EUDNH UHVLVWRU PD\ EH LQVWDOOHGï ,Q WKLV

FDVHñ WKH OLQN DFURVV 3; RQ WKH EXLOWðLQ EUDNH

UHVLVWRU PXVW EH GLVFRQQHFWHGï

1RWHã 7KH $èíí ìì. RU JUHDWHU DQG (èíí íïë. RU

OHVV FDQQRW XVH DQ H[WHUQDO EUDNH UHVLVWRUï
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ìää

õêô'& G\QDPLF EUDNLQJ &20021

7KH '& G\QDPLF EUDNH LV DSSOLHG GXULQJ

GHFHOHUDWLRQï 6LQFH WKH EUDNLQJ WRUTXH JHQHUDWHG

E\ WKH '& G\QDPLF EUDNH GHSHQGV DOVR RQ WKH

ZLQGLQJ UHVLVWDQFH RI WKH PRWRUñ LW FDQQRW EH

GHWHUPLQHG XQLIRUPO\ñ EXW DQ DYHUDJH RI PRUH

WKDQ èíø EUDNLQJ WRUTXH LV SURYLGHG LQ WKH

IDFWRU\ðVHW VWDWHï

,Q DGGLWLRQñ WKH VHWWLQJ RI WKH '& G\QDPLF EUDNH

WLPH õ 3Uï ììôñ '& G\QDPLF EUDNH YROWDJH õ 3Uï ìëô

DQG '& G\QDPLF EUDNH IUHTXHQF\ õ 3Uï ìíô DOORZV

WKH SRVLWLRQLQJ DFFXUDF\ WR EH DGMXVWHG DFFRUGLQJ

WR WKH ORDGï

õéô6HOHFWLRQ RI WKH %8 EUDNH XQLW &20021

7KH %8 EUDNH XQLW LV XVHG ZKHQ WKH EUDNH

FDSDELOLW\ UHTXLUHG LV JUHDWHU WKDQ WKDW RI WKH EXLOWð

LQ EUDNH XQLW RU H[WHUQDO EUDNH UHVLVWRUï ,Q WKLV

FDVHñ WKH FDSDELOLW\ RI WKH EXLOWðLQ EUDNH XQLW LV QRW

DGGHG WR WKDW RI WKH %8 EUDNH XQLWï

7R VHOHFW WKH %8 EUDNH XQLWñ GHWHUPLQH WKH

UHTXLUHG GHFHOHUDWLRQ SDWWHUQ DV VKRZQ EHORZï

1ì

1ë

W

6SHHG
õUSPô

7%ã EUDNH WRUTXH õ1xP^NJxP`ô
7/ã ORDG WRUTXH õ1xP^NJxP`ô
70ã UDWHG PRWRU WRUTXH

õ1xP^NJxP`ô

7LPH
õVHFRQGô

'HFHOHUDWLRQ 3DWWHUQ

ìô &DOFXODWH WKH EUDNH WRUTXH UHTXLUHG WR GHFHOHð

UDWH WKH PRWRU LQ WKH GHWHUPLQHG GHFHOHUDWLRQ

SDWWHUQã

*'ë
7 u õ1ì ð 1ëô

7%  
êåïë u W

ð 7/PLQ >1 �P@

ëô &DOFXODWH WKH SHUFHQWDJH RI WKH FDOFXODWHG

WRUTXH õ7%ô WR WKH UDWHG WRUTXH RI WKH PRWRU

XVHG õ70ô WR ILQG WKH UHTXLUHG EUDNH WRUTXH

FRHIILFLHQW õEô ã

7%
%UDNH WRUTXH FRHIILFLHQW õEô  

70

êô )URP WKH 7HFKQLFDO 1RWH 1Rï ëë õ'DWD 3DUWôñ

VHOHFW WKH EUDNH XQLW ZKLFK VDWLVILHV WKH EUDNH

WRUTXH FRHIILFLHQW õEôï
éô 8VLQJ WKH IROORZLQJ H[SUHVVLRQñ ILQG WKH SRZHU

:0(&+ UHWXUQHG IURP WKH ORDGñ DQG XVLQJ WKH

GDWD PDQXDOñ PDNH VXUH WKDW WKH LQWHUVHFWLRQ RI

WKH GHFHOHUDWLRQ WLPH RI W VHFRQGV DQG WKH

SHUPLVVLEOH EUDNH XQLW SRZHU õ:56ô LV EHORZ

WKH FXUYH RI WKH EUDNH XQLW XVHG õUHIHU WR WKH

7HFKQLFDO 1RWH 1Rï ëë õ'DWD 3DUWôôï õ7KH

PRWRUð

FRPSHQVDWHG SRZHU LV LJQRUHGï )RU PRUH

LQIRUPDWLRQñ UHIHU WR WKH 7HFKQLFDO 1RWHV 1Rï ëê

WR 1Rïëèïô

:0(&+  íïìíéæ u 7% u õ1ì ò 1ëôîë >:@

èô :KHQ XVLQJ WKH EUDNH XQLW IUHTXHQWO\ õPRUH

WKDQ ìí WLPHVîKRXU DV D JXLGHOLQHôñ HQVXUH WKDW

WKH YDOXH FDOFXODWHG E\ WKH IROORZLQJ

H[SUHVVLRQ LV ZLWKLQ WKH SHUPLVVLEOH FRQWLQXRXV

SRZHUõ:5&ô õUHIHU WR WKH 7HFKQLFDO 1RWH 1Rï ëë

õ'DWD 3DUWôôï

EUDNH RSHUDWLRQ WLPH
:  :0(&+ u

ìðF\FOH WLPH
>:@
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ëíí

([HUFLVH ê ã &DOFXODWHG LQ WKH FRQYHQWLRQDO XQLW

V\VWHP

,W LV GHVLUHG WR GHFHOHUDWH D êïæN: é3 PRWRU IURP

ìæèí WR íUSP LQ WZR VHFRQGVï

$VVXPLQJ WKDWã

/RDG WRUTXH õ7/ô õUHIOHFWHG WR WKH PRWRU VKDIWô

ã ìíø RI êïæN: é3  ìïäç >1 � P@

/RDG *'ë
/ õUHIOHFWHG WR WKH PRWRU VKDIWô

ã ìí WLPHV JUHDWHU WKDQ êïæN: é3  íïæê

>NJI � Pë@

5DWHG PRWRU WRUTXH õ70ô ã ìäïä >1 �P@ RQ êïæN: é3

7KH EUDNH WRUTXH LV FDOFXODWHG DV IROORZVã

õíïíæêQ ò íïæêô

u õìæèí ð íô7%  
êåïë u ë

ð ìïäç  ìçïé >1 � P@

7% ìçïé
%UDNH WRUTXH FRHIILFLHQW õEô  

70
 

ìäïä
 íïåë

6LQFH WKH EUDNH WRUTXH FRHIILFLHQW õEô PXVW EH íïåë
RU KLJKHUñ VHOHFW WKH EUDNH XQLW FRPELQDWLRQñ LQ

ZKLFK WKH EUDNH WRUTXH FRHIILFLHQW õEô  ìïíñ IURP

WKH 7HFKQLFDO 1RWH 1Rï ëë õ'DWD 3DUWôï +HQFHñ WKH

EUDNH XQLW XVHG LQ WKLV FDVH LV WKH %8ðêæííï

:0(&+  íïìíéæ u ìçïé u õìæèí ò íôîë  ìèíë >:@

6LQFH WKH HQHUJ\ RI ëëíí >:@ LV FRQVXPHG LQ WZR

VHFRQGVñ WKH %8ðêæíí EUDNH XQLW FDQ EH XVHG

DFFRUGLQJ WR WKH GDWD PDQXDOï õìèíë >:@ á ëëíí

>:@ô

ë VHFRQGV

%8ðêæíí

ëëíí:

([HUFLVH é ã

,W LV GHVLUHG WR UHSHDW WKH VWDUW DQG VWRS RI WKH ORDG

XVHG LQ ([HUFLVH ê DW LQWHUYDOV RI ìè VHFRQGVï

ë
:  ìèíë u

ìè
 ëíí >:@

7KH %8ðêæíí FDQ EH XVHG EHFDXVH LWV SHUPLVVLEOH

FRQWLQXRXV SRZHU LV êíí: DFFRUGLQJ WR WKH GDWD LQ

WKH PDQXDOï ,Q DGGLWLRQ WR WKLV FDOFXODWLRQñ LW LV DOVR

QHFHVVDU\ WR H[DPLQH ZKHWKHU WKH PRWRU PD\ EH

XVHG UHSHDWHGO\ï

õèô&RQWLQXRXV XVH RI WKH %8 EUDNH XQLW &20021

:KHQ WKH PRWRU LV XVHG LQ WKH EUDNH UHJLRQñ

VHOHFW D EUDNH XQLW ZKLFK VDWLVILHV WKH FRQGLWLRQ

WKDW WKH EUDNH UHVLVWRU SRZHU FRQVXPHG

FRQWLQXRXVO\ LV QRW PRUH WKDQ WKH SHUPLVVLEOH

FRQWLQXRXV SRZHU RI WKH EUDNH XQLWï

:KHQ D QHJDWLYH ORDG LV RSHUDWHG UHSHDWHGO\ DV

VKRZQ EHORZñ ILQG WKH SRZHU UHWXUQHG IURP WKH

ORDG LQ WKH ZKROH UHJLRQ ZKHUH WKH QHJDWLYH ORDG

LV DSSOLHG GXULQJ RWKHU WKDQ GHFHOHUDWLRQ DQG

FKHFN WKDW LW LV ZLWKLQ WKH SHUPLVVLEOH FRQWLQXRXV

SRZHU õ:5&ô LQ WKH 'DWD 3DUW RI 7HFKQLFDO 1RWH

ëëï

7
1ì

1ë

Wì Wë

6
SH
HG

%
UD
NH

WR
UT
XH

5LVH

)DOO

2SHUDWLRQ 3DWWHUQ RI WKH &RQWLQXRXV 5HJHQHUDWLYH

'XW\ /RDG

õçô&RPELQDWLRQ RI WKH EUDNH XQLW DQG LQYHUWHU &20021

$ ODUJHU EUDNH XQLW PD\ EH UHTXLUHG ZKHQ WKH

UHSHDWHG XVH RI WKH EUDNH XQLW LV IUHTXHQW RU D

QHJDWLYH ORDG LV GULYHQï :KHQ D ODUJHU EUDNH XQLW

LV XVHGñ WKH LQYHUWHU FDSDFLW\ PXVW DOVR EH

LQFUHDVHGï :KHQ KLJKHU EUDNH FDSDELOLW\ LV

UHTXLUHGñ VHOHFW WKH )5ð5& SRZHU VXSSO\

UHJHQHUDWLQJ XQLWï
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ëíì

0RWRU &KDUDFWHULVWLFV

ëïëïì &KDUDFWHULVWLFV RI WKH LQGXFWLRQ PRWRU

7KHUH DUH WKH IROORZLQJ UHODWLRQVKLSV EHWZHHQ WKH

VSHHGñ YROWDJHñ IUHTXHQF\ñ PDJQHWLF IOX[ GHQVLW\ñ

WRUTXH DQG RWKHU IDFWRUV RI DQ LQGXFWLRQ PRWRUã

ìëíI
1  

S
õì ð 6ô

9
%  .ì I

9 9
7  .ë

I
,  .ê õ

I
ôë

3  .é71  .è7I  .ç9,

1 ã 6SHHG 3 ã 2XWSXW

I ã )UHTXHQF\ 7 ã 7RUTXH

S ã 1XPEHU RI SROHV 9 ã 7HUPLQDO YROWDJH

6 ã 6OLS , ã 0RWRU FXUUHQW

% ã 0DJQHWLF IOX[ GHQVLW\ .ì WR .çã &RQVWDQWV

:KHQ D WKUHHðSKDVH VWDQGDUG PRWRU LV XVHGñ WKH

YDOXH RI PDJQHWLF IOX[ GHQVLW\ õ%ô LV PD[LPXP DW

èí+] DQG FDQQRW EH LQFUHDVHG EH\RQG WKDW YDOXHï ,Q

DGGLWLRQñ WKH SRZHU VXSSO\ FDQQRW EH XVHG

FRQWLQXRXVO\ DW PRUH WKDQ WKH UDWHG FXUUHQW YDOXHñ LQ

SULQFLSOHï 7R UXQ WKH VWDQGDUG PRWRU ZLWKRXW EXUQRXWñ

YROWDJH õ9ô DQG IUHTXHQF\ õIô PXVW EH FRQWUROOHG WR

EH FRQVWDQW RU EHORZ WKH FRQVWDQW YDOXHï

$V LQGLFDWHG E\ WKH DERYH H[SUHVVLRQñ PDNLQJ WKH

YROWDJH õ9ô DQG IUHTXHQF\ õIô FRQVWDQW FDXVHV WKH

PRWRU WRUTXH DW WKH UDWHG FXUUHQW WR EH FRQVWDQW

LQGHSHQGHQWO\ RI WKH D IUHTXHQF\ õIôï 7KHUHIRUHñ E\

FRQWUROOLQJ WKH YROWDJH DQG IUHTXHQF\ WR EH NHSW

FRQVWDQWñ WKH WRUTXH FKDUDFWHULVWLF LV PDGH FRQVWDQWï

+RZHYHUñ D YROWDJH GURS GXH WR WKH SULPDU\

LPSHGDQFH FDQQRW EH LJQRUHG LQ WKH ORZ IUHTXHQF\

UDQJH DQG WKH WRUTXH ORZHUV DV VKRZQ EHORZï 5HIHU

WR 6HFWLRQ ëïìïéï

7KH DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO DQG

JHQHUDOðSXUSRVH PDJQHWLF IOX[ YHFWRU FRQWURO

FRPSHQVDWH IRU D YROWDJH GURS GXH WR WKH SULPDU\

LPSHGDQFH DQG WKHUHIRUH SURYLGH DQ LGHDO FRQVWDQWð

WRUTXH FKDUDFWHULVWLFï

&RQVWDQW WRUTXH FKDUDFWHULVWLF
õPDJQHWLF IOX[ YHFWRU PRGHô

7
R
UT
X
H
õø

ô
&RPELQDWLRQ RI
VWDQGDUG PRWRU DQG
LQYHUWHU õ9î) PRGHô

&RQVWDQW RXWSXW FKDUDFWHULVWLF
õEDVH IUHTXHQF\ RU KLJKHUô

%DVH IUHTXHQF\
)UHTXHQF\ õ+]ô

0RWRU 7RUTXH

'XH WR WKH LQYHUWHU FKDUDFWHULVWLFñ D YROWDJH DERYH

WKH SRZHU VXSSO\ YROWDJH FDQQRW EH GHYHORSHG DW WKH

IUHTXHQF\ RI KLJKHU WKDQ èí+] RU çí+] RU KLJKHUï )RU

WKLV UHDVRQñ WKH YROWDJH õ9ô LV NHSW FRQVWDQWñ RQO\ WKH

IUHTXHQF\ õIô LV FKDQJHGñ DQG WKH WRUTXH LV LQYHUVHO\

SURSRUWLRQDO WR WKH IUHTXHQF\ñ LïHï WKH FRQVWDQW RXWSXW

FKDUDFWHULVWLF LV DFKLHYHG ZLWK WKH YROWDJH õ9ô NHSW

FRQVWDQWï

ëïëïë 7RUTXH *HQHUDWHG E\ D 0RWRU 'ULYHQ E\ DQ ,QYHUWHU

:KHQ WKH PRWRU LV GULYHQ ZLWK D FRPPHUFLDO SRZHU

VXSSO\ñ WKH WRUTXH FXUYH LV DV VKRZQ LQ 6HFWLRQ ëïìïê

õDQ H[DPSOH IRU ìïèN:ôï :KHQ WKH LQYHUWHU LV XVHG

DV D SRZHU VXSSO\ñ KRZHYHUñ WKH RYHUORDG FDSDFLW\ RI

WKH LQYHUWHU VXSSUHVVHV WKH PD[LPXP WRUTXH WR EH

OHVV WKDQ WKH PD[LPXP YDOXH RI WKH PRWRUï 7KLV

YDOXH LV WKH PD[LPXP VKRUW GXUDWLRQ WRUTXHï +HQFHñ

WKH XVH RI D ODUJHðFDSDFLW\ LQYHUWHU UDLVHV WKH

RYHUORDG FDSDFLW\ñ OHDGLQJ WR WKH LQFUHDVH LQ

PD[LPXP VKRUW GXUDWLRQ WRUTXHï )RU WKH YDOXHV IRU

WKH VWDQGDUG FRPELQDWLRQVñ UHIHU WR WKH 7HFKQLFDO

1RWH 1Rï ëë õ'DWD 3DUWôï

,Q WKH ORZ IUHTXHQF\ UDQJHñ WKH WRUTXH YDOXH

FKDQJHV DFFRUGLQJ WR WKH 9îI SDWWHUQ RI WKH LQYHUWHU

RXWSXW DQG WKH HOHFWULFDO FRQVWDQW RI WKH PRWRUï 7KH

VHOHFWLRQ RI DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO LQ

WKH )5ð$èíí VHULHV PLQLPL]HV WKH UHGXFWLRQ RI

WRUTXHï ,Q WKH 9î) PRGHñ WKH WRUTXH ERRVW IXQFWLRQ

DOVR DOORZV WKH WRUTXH WR EH UDLVHG HVSHFLDOO\ LQ WKH

ORZ IUHTXHQF\ UDQJHï

5HIHU WR 6HFWLRQ ëïìïé û6WDUWLQJ WRUTXH ERRVWûï )RU

WKH WRUTXH YDOXH LQFUHDVHG E\ WKH WRUTXH ERRVW

IXQFWLRQñ UHIHU WR WKH 7HFKQLFDO 1RWH 1Rï ëë õ'DWD

3DUWôï
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ëíë

ëïëïê &RQWLQXRXV 0RWRU 2XWSXW &KDUDFWHULVWLF

:KHQ WKH PRWRU LV GULYHQ IURP WKH LQYHUWHUñ LWV SRZHU

IDFWRU DQG HIILFLHQF\ DUH ORZHU WKDQ WKRVH RI WKH

PRWRU GULYHQ ZLWK D VLQH ZDYH õFRPPHUFLDO SRZHU

VXSSO\ô GXH WR WKH LQIOXHQFH RI KDUPRQLFV LQFOXGHG LQ

WKH LQYHUWHU RXWSXWï 7KHUHIRUHñ VLQFH WKH PRWRU

FXUUHQW LQFUHDVHV DQG WKH PRWRU WHPSHUDWXUH ULVHV WR

JHQHUDWH WKH VDPH ORDG WRUTXHñ WKH LQYHUWHU PXVW EH

XVHG ZLWK LWV RXWSXW UHGXFHGï %HFDXVH WKH VHOIð

FRROLQJ IDQ RI WKH PRWRU KDV D OHVVHU HIIHFWñ

HVSHFLDOO\ DW ORZHU WKDQ êí+]ñ WKH ORDG WRUTXH PXVW

EH UHGXFHG IRU FRQWLQXRXV XVHï

5HIHU WR WKH FRUUHVSRQGLQJ LQYHUWHU VHULHV PDQXDO IRU

WKH SHUPLVVLEOH FRQWLQXRXV RSHUDWLRQ WRUTXH RI WKH

WKUHHðSKDVHñ ëíí9 èí+]îëíí9 çí+]îëëí9 çí+]

VWDQGDUG PRWRU GULYHQ IURP WKH LQYHUWHUï

:KHQ WKH PRWRU LV UXQ FRQWLQXRXVO\ ZLWK WKH UDWHG

WRUTXH XS WR WKH ORZ VSHHG UDQJHñ H[DPLQH WKH XVH

RI D FRQVWDQWðWRUTXH PRWRU JLYHQ LQ 6HFWLRQ ëïêïëï

+RZHYHUñ WKH 6)ð-5 íïé WR ìïèN: éðSROH PRWRU FDQ

EH UXQ FRQWLQXRXVO\ DW WKH UDWHG WRUTXH LQ WKH ç WR

çí+] UDQJH XQGHU WKH FRPELQDWLRQ RI DGYDQFHG

PDJQHWLF IOX[ YHFWRU FRQWURO RU JHQHUDOðSXUSRVH

PDJQHWLF IOX[ YHFWRU FRQWUROï

ëïëïé (IILFLHQF\

õìô)LQGLQJ WKH RYHUDOO HIILFLHQF\

1)%

3,19 õ,1ô 30 õ,1ô

,0 30õ287ôLQYHUWHU

0RWRU

3,19õ,1ô ã ,QYHUWHU LQSXW SRZHU >N:@

30õ,1ô ã 0RWRU LQSXW SRZHU >N:@

30õ287ô ã 0RWRU RXWSXW >N:@

z ,QYHUWHU HIILFLHQF\ õK,19ô ,QGLFDWHV WKH HIILFLHQF\ RI
WKH LQYHUWHU LWVHOI DQG LV IRXQG E\ WKH IROORZLQJ

H[SUHVVLRQ IURP WKH LQYHUWHU LQSXW SRZHU õ3,19õ,1ôô

DQG WKH PRWRU LQSXW SRZHU õ30õ,1ô ô õ LQYHUWHU

RXWSXW SRZHUôã

30õ,1ô
K,19  

3,19õ,1ô
u ìíí >ø@

z 0RWRU HIILFLHQF\ õK0ô ,QGLFDWHV WKH HIILFLHQF\ RI WKH
PRWRU GULYHQ E\ WKH LQYHUWHU DQG LV IRXQG E\ WKH

IROORZLQJ H[SUHVVLRQã

30õ287ô
K0  

30õ,1ô
u ìíí >ø@

z 2YHUDOO HIILFLHQF\ õK7ô ,QGLFDWHV WKH HIILFLHQF\ RI

WKH LQYHUWHU DQG PRWRU FRPELQHG DQG LV IRXQG E\

WKH IROORZLQJ H[SUHVVLRQã

30õ287ô
K7  K,19 u K0  

3,19õ,1ô
u ìíí >ø@

õëô0RWRU HIILFLHQF\

7KH PRWRU HIILFLHQF\ LQ 6HFWLRQ ëïëïé õìô LV IXUWKHU

GHYHORSHG DV LQGLFDWHG E\ WKH IROORZLQJ

H[SUHVVLRQã

K0  30õ287ô u ìíí
30õ,1ô

 30õ287ô u ìíí >ø@
30õ287ô ò PRWRU ORVV

0DLQ PRWRU ORVVHV DUH LURQ ORVVñ VWDWRU FRSSHU ORVV

DQG URWRU FRSSHU ORVVï :KHQ WKH ORDG WRUTXH

GHFUHDVHVñ WKH UDWLR RI WKH DERYH ORVVHV WR WKH RXWSXW

LQFUHDVHVñ UHGXFLQJ WKH HIILFLHQF\ï 6LPLODUO\ñ LI WKH

ORDG WRUTXH UHPDLQV WKH VDPHñ WKH GHFUHDVH LQ

RXWSXW IUHTXHQF\ UHVXOWV LQ UHGXFHG HIILFLHQF\ï

7KH UHGXFWLRQ LQ PRWRU WHUPLQDO YROWDJH õLïHï LQYHUWHU

RXWSXW YROWDJHô GHFUHDVHV WKH PRWRU WRUTXH DQG WKH

LQFUHDVHV LQ PRWRU VOLS DQG URWRU FRSSHU ORVV UHGXFHV

WKH HIILFLHQF\ï
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ëíê

ëïëïè 9LEUDWLRQ

6LQFH WKH )5ð$èííñ )5ð(èíí VHULHV LQYHUWHUV XVH D

KLJKðFDUULHU IUHTXHQF\ VLQHðZDYH 3:0 FRQWURO

V\VWHPñ WKH YLEUDWLRQ RI WKH PRWRU LV VPDOOï $V

FRPSDUHG WR WKDW RI WKH PRWRU GULYHQ ZLWK WKH

FRPPHUFLDO SRZHU VXSSO\ñ KRZHYHUñ WKH YLEUDWLRQ RI

WKH PRWRU LQVWDOOHG WR D PDFKLQH PD\ EH VOLJKWO\

ODUJHUï 0RWRU RVFLOODWLRQ PD\ RFFXU IRU WKH IROORZLQJ

UHDVRQVã

ìô ,PEDODQFH RI WKH URWDWRU LWVHOI LQFOXGLQJ WKH PDWLQJ

PDFKLQHï

ëô 5HVRQDQFH ZLWK WKH QDWXUDO IUHTXHQF\ RI WKH

PHFKDQLFDO V\VWHPï &DUH PXVW EH WDNHQ

HVSHFLDOO\ ZKHQ D PDFKLQH RSHUDWHG DW FRQVWDQW

VSHHG LV VZLWFKHG WR YDULDEOH VSHHGï 7KH

WUDQVPLVVLRQ RI RVFLOODWLRQ FDQ EH UHGXFHG E\ñ IRU

H[DPSOHñ XVLQJ D IOH[LEOH FRXSOLQJ RU SURYLGLQJ

UXEEHU YLEUDWLRQ LQVXODWRUV XQGHU WKH PRWRU EDVHï

1RWH WKDW UHVRQDQFH DUHDV FDQ EH DYRLGHG GXULQJ

RSHUDWLRQ E\ XVLQJ WKH IUHTXHQF\ MXPS IXQFWLRQï

:KHQ D WZRðSROH PRWRU LV UXQ DW KLJK VSHHG

EH\RQG çí+]ñ DEQRUPDO RVFLOODWLRQ PD\ RFFXUï

$Q\ RI WKH IROORZLQJ PHDVXUHV PD\ EH WDNHQ WR

UHPHG\ PRWRU RVFLOODWLRQã

ìô 8VH RI ORZðYLEUDWLRQ PRWRU

,GHQWLFDO LQ VL]H WR D JHQHUDOðSXUSRVH PRWRUñ D ORZð

YLEUDWLRQ PRWRU GHGLFDWHG WR LQYHUWHU XVH LV

GHVLJQHG WR EH KLJK LQ PDFKLQLQJ DFFXUDF\ DQG

ORZ LQ PDJQHWLF QRLVH WR HQVXUH ORZHU RVFLOODWLRQ

DQG ORZHU QRLVH WKDQ D JHQHUDOðSXUSRVH PRWRUï

õ6HH 6HFWLRQ ëïêïê û/RZð9LEUDWLRQ 0RWRUûïô

ëô &RQQHFW WKH QRLVH UHGXFLQJ UHDFWRU õ)5ð%2/ô LQ

WKH LQYHUWHU RXWSXW FLUFXLWï

êô 2VFLOODWLRQ DW ORZ IUHTXHQF\ FDQ EH UHPHGLHG E\

VHWWLQJ D ORZHU H[FLWDWLRQ YDOXH WR WKH WRUTXH ERRVW

õ 3Uï íôï
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ëíé

ëïê 0RWRU 2SHUDWLRQ

$ YDULHW\ RI PRWRUV DUH DYDLODEOHâ YDULRXV W\SHV RI

PRWRUV FODVVLILHG DFFRUGLQJ WR SURWHFWLRQ W\SHV DQG

VWUXFWXUHñ WKRVH SURYLGHG ZLWK HTXLSPHQW VXFK DV

EUDNHV DQG VSHHG UHGXFHUVñ DQG VSHFLDOðSXUSRVH

PRWRUVï :KHQ LGHQWLFDO WR D JHQHUDOðSXUSRVH WKUHHð

SKDVH PRWRU LQ HOHFWULFDO FKDUDFWHULVWLFVñ DQ\ PRWRU

FDQ EH UXQ E\ WKH LQYHUWHU ZLWKRXW IDXOWï

)RU PRWRUV ZKLFK DUH GLIIHUHQW LQ HOHFWULFDO

FKDUDFWHULVWLFVñ DGMXVWPHQW PD\ EH UHTXLUHG E\ WKH

WRUTXH ERRVW IXQFWLRQ õ 3Uï íô DQG 9î) SDWWHUQ õVHH

6HFWLRQ ëïìïé 6WDUWLQJ 7RUTXH %RRVWô RU D GHGLFDWHG

LQYHUWHU PDWFKLQJ WKH PRWRU FKDUDFWHULVWLFV PD\ EH

QHHGHGï

:KHQ D PRWRU GHVLJQHG IRU XVH ZLWK WKH FRPPHUFLDO

SRZHU VXSSO\ õèí+] RU çí+]ô LV RSHUDWHG E\ WKH

LQYHUWHUñ VHW WKH EDVH IUHTXHQF\ õ 3Uï êô RI WKH

LQYHUWHU WR èí+] RU çí+]ï

ëïêïì 0RWRU 7\SHV &ODVVLILHG DFFRUGLQJ WR 3URWHFWLRQ 6WUXFWXUH

0RWRU 3URWHFWLRQ 6WUXFWXUH

7\SH
0LWVXELVKL 0RWRU

&DWDORJ &RGH

,QWHUQDWLRQDO

3URWHFWLRQ &RGH
5HPDUNV

'ULSðSURRI W\SH 6%ð-õ5ô -3 ëë

7RWDOO\ðHQFORVHG W\SH 6(ð-õ5ô -3 éé

7RWDOO\ðHQFORVHG 6)ð-õ5ô -3 éé

2XWGRRU W\SH 6)ð-õ5ô -3:éé

:DWHUðSURRI W\SH 6)ð-õ5ô -3 éç

&RUURVLRQðSURRI W\SH 6)ð-õ5ôñ&)ð1( -3&éé

0D\ EH XVHG ZLWK WKH LQYHUWHU DV VWDQGDUGï

õ9HUWLFDO RU IODQJH W\SH PD\ DOVR EH XVHGïô

([SORVLRQ¤SURWHFWHG

W\SH

;)ð(

;)ð1(
-3(éé

0RWRU DQG LQYHUWHU FRPELQDWLRQ UHTXLUHV H[SORVLRQðSURRI RIILFLDO

DSSURYDO õVDIHW\ DSSURYDOôï )RU PRUH LQIRUPDWLRQñ VHH 6HFWLRQ ëïêïæï

ëïêïë &RQVWDQWð7RUTXH 0RWRU

$ FRQVWDQWðWRUTXH PRWRU LV D PRWRU GHGLFDWHG WR

LQYHUWHU RSHUDWLRQ ZKLFK FDQ EH UXQ FRQWLQXRXVO\

ZLWKRXW UHGXFLQJ WKH ORDG WRUTXH HYHQ LQ WKH ORZ

VSHHG UDQJHï ,W SURYLGHV D ìííø FRQVWDQW WRUTXH DW ê

WR çí+] XQGHU DGYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO

õDW ç WR çí+] IRU æèN: RU PRUHôï

ìèí

ìíí

æí

çê

èí

éè

í

ëëí9

ëíí9

ì ëí çí ìëí

7
RU
T
XH
õø
ô
õç
í
+
]
UH
IH
UH
QF
Hô &RQWLQXRXV

RSHUDWLRQ
WRUTXH

0D[LPXP WRUTXH RI
VKRUW GXUDWLRQ

)UHTXHQF\ õ+]ô

õRU çô
ê

&RQWLQXRXV 5DWLQJ 5DQJHõ0RWRU GHGLFDWHG WR

PDJQHWLF IOX[ YHFWRU FRQWUROô

:KHQ D FRQVWDQW WRUTXH FKDUDFWHULVWLF LV QHFHVVDU\

DW ç WR çí+] XQGHU 9î) FRQWUROñ SOHDVH FRQWDFW \RXU

ORFDO 0LWVXELVKL VDOHV UHSUHVHQWDWLYHï

7KH )5ð$èíí DQG )5ð(èíí VHULHV DUH HTXLSSHG ZLWK

DQ HOHFWURQLF WKHUPDO UHOD\ GHGLFDWHG WR WKH

0LWVXELVKL FRQVWDQWðWRUTXH PRWRU DQG FDQ WKHUHIRUH

EH XVHG ZLWKRXW SURYLGLQJ DQ H[WHUQDO WKHUPDO UHOD\ï

1)%

06

)

0

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

0&

êðSKDVH
IDQ PRWRU

0RWRU

3
R
Z
HU

VX
SS
O\

,QYHUWHU

1RWHã :LUH WKH IDQ PRWRU FDUHIXOO\ VR WKDW LW LV LQ WKH

FRUUHFW SKDVH VHTXHQFHï :KLOH WKH PRWRU LV

RSHUDWLQJñ WKH FRQWDFWRU õEUHDNHô 06 PXVW EH

NHSW RQ DQG WKH IDQ PRWRU VKRXOG DOVR EH UXQï

)DQ 0RWRU &RQQHFWLRQ ([DPSOH

õëíí9 êíN: RU XSô
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ëíè

6WDQGDUG 6SHFLILFDWLRQV RI &RQVWDQWð7RUTXH 0RWRU õ0RWRU GHGLFDWHG WR PDJQHWLF IOX[ YHFWRU FRQWUROô

&RQWLQXRV

RSHUDWLRQ WRUTXH
2XWSXW

õN:ô

1XPEHU

RI 3ROHV

0LWVXELVKL &DWDORJ

&RGH

)UDPH

1XPEHU
õ1Pô õNJPô

,QVXODWLRQ
3RZHU

6XSSO\

)UHTXHQF\

5DQJH õ+]ô

$SSOLFDEOH

,QYHUWHU

íïé æì0 ëïìë íïëë )5ð$èëíðíïé.

íïæè åí0 êïäå íïéì )5ð$èëíðíïæè.

ìïè äí/ æïäç íïåì

&ODVV %

)5ð$èëíðìïè.

ëïë ìíí/ ììïæ ìïë )5ð$èëíðëïë.

êïæ ììë0 ìäïç ëïí )5ð$èëíðêïæ.

èïè ìêë6 ëäïë êïí )5ð$èëíðèïè.

æïè ìêë0 êäïå éïì

ê WR ìëí+]

)5ð$èëíðæïè.

ìì ìçí0 èåïé çïí )5ð$èëíðìì.

ìè ìçí/ æäïç åïì )5ð$èëíðìè.

ìåïè ìåí0 äåïë ìíïí )5ð$èëíðìåïè.

ëë ìåí/ ììæ ìëïí

ê WR ìíí+]

)5ð$èëíðëë.

êí ëíí/ ìèä ìçïë )5ð$èëíðêí.

êæ ëíí/ ìäç ëíïí )5ð$èëíðêæ.

éè

7RWDOO\ðHQFORVHG

IDQðFRROHG W\SH

6)ð-5&$

ëëè6 ëêä ëéïé )5ð$èëíðéè.

èè

7RWDOO\ðHQFORVHG

IDQðFRROHG W\SH

õ1RWHô

6(ð-5&$ð)9

ëëè6 ëäë ëäïå

ëíí9îèí+]

ëíí9îçí+]

ëëí9îçí+]

ê WR çè+]

)5ð$èëíðèè.

æè ëèí0 êäå éíïç )5ð$èéí/ðæè.

äí ëåí6 éæå éèïæ )5ð$èéí/ðäí.

ììí ëåí0 èåé èäïè )5ð$èéí/ðììí.

ìêë êìè0 æíí æìïé )5ð$èéí/ðìêë.

ìèí êìè0 æäç åìïë )5ð$èéí/ðìçí.

ìçí êìè0 åéä åçïç )5ð$èéí/ðìçí.

ìåè êìè/ äåë ìíí )5ð$èéí/ðëëí.

ëíí êìè/ ìíçì ìíå )5ð$èéí/ðëëí.

ëëí êìè/ ììçæ ììä )5ð$èéí/ðëëí.

ëèí êèè/ ìêëç ìêè )5ð$èéí/ðëåí.

ëåí

é

7RWDOO\ðHQFORVHG

IDQðFRROHG W\SH

6)ð/+&$

êèè/ ìéåç ìèë

&ODVV )

éíí9îèí+]

éíí9îçí+]

ééí9îçí+]

ç WR çí+]

)5ð$èéí/ðëåí.

1RWHã 7KH SRZHU VXSSO\ RI WKH PRWRU PRXQWHG IDQ LV WKUHHðSKDVH ëíí9

ëïêïê /RZð9LEUDWLRQ 0RWRU

:KHQ FRPSDUHG WR D JHQHUDOðSXUSRVH PRWRUñ D ORZð

RVFLOODWLRQ PRWRU LV GHVLJQHG WR EH LQVXVFHSWLEOH WR

WLPH KDUPRQLFV DQG VSDFH KDUPRQLFV DQG LV

LPSURYHG LQ PDFKLQLQJ DFFXUDF\ WR PLQLPL]H JDS

LPEDODQFHï +HQFHñ WKLV W\SH RI PRWRU KDV DFKLHYHG

ORZ RVFLOODWLRQ RI D PD[LPXPï èPP IXOOðDPSOLWXGH DQG

D PD[LPXPï ìïè* RVFLOODWRU\ DFFHOHUDWLRQï ,W LV DOVR

ZLGHU LQ FRQWLQXRXV RXWSXW UDQJH WKDQ D JHQHUDOð

SXUSRVH PRWRUï

x éðSROH PRWRU

ìíí

èí

í
ëí êí çí ìëí

/RZðYLEUDWLRQ PRWRU

,QGLFDWHV çíø
(' UDWLQJ

0LWVXELVKL
JHQHUDOðSXUSRVH PRWRU

7
RU
T
XH
õø
ô

õç
í+
]
UH
IH
UH
QF
Hô

)UHTXHQF\ õ+]ô
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ëíç

x ëðSROH PRWRU

ìíí

çæ

í
ëí êí çí äí

7
RU
T
XH
õø
ô

õç
í+
]
UH
IH
UH
QF
Hô

/RZðYLEUDWLRQ PRWRU

0LWVXELVKL
JHQHUDOðSXUSRVH PRWRU

,QGLFDWHV çíø
(' UDWLQJï

)UHTXHQF\ õ+]ô

&RQWLQXRXV 5DWLQJ 5DQJH

6WDQGDUG 6SHFLILFDWLRQV RI /RZð9LEUDWLRQ 0RWRU

0LWVXELVKL

&DWDORJ

&RGH

)UDPH

1XPEHU

2XWð

SXW

õN:ô

1XPð

EHU RI

3ROHV

,QVXODð

WLRQ

3RZHU

6XSSO\

)UHTXHQF\

5DQJH õ+]ô

åí0 íïæè

äí/ ìïè

ìíí/ ëïë

7RWDOO\ð

HQFORVHG

IDQðFRROHG

W\SH

6)ð-5/

6)ð

-5/)õ9ô

ììë0 êïæ

ë

ëí WR äí

%DVH

IUHTXHQF\

çí+]

åí0 íïæè

äí/ ìïè

ìíí/ ëïë

7RWDOO\ð

HQFORVHG

IDQðFRROHG

W\SH

6)ð-5/

6)ð

-5/)õ9ô

ììë0 êïæ

é

&ODVV )

ëíí9îèí+]

ëíí9îçí+]

ëëí9îçí+]

RU

éíí9îèí+]

éíí9îçí+]

ééí9îçí+]

ëí WR ìëí

%DVH

IUHTXHQF\

çí+]

1RWHã ìï 6HW WKH PDQXDO WRUTXH ERRVW õ 3Uï íô RI WKH

LQYHUWHU WR WKH PLQLPXP YDOXHï

ëï 6HW ¦í¦ LQ 3Uï ä õHOHFWURQLF WKHUPDO 2î/

UHOD\ô DQG LQVWDOO DQ H[WHUQDO WKHUPDO UHOD\ï

z $PSOLWXGH õ)XOO DPSOLWXGHô

ê

ë

ì

ëí êí éí èí çí æí åí äí ìíí ììí ìëí

$
P
SO
LWX
GH

õP
P
ô

)UHTXHQF\ õ+]ô

z 2VFLOODWRU\ DFFHOHUDWLRQ

ìïí

íïè

ëí êí éí èí çí æí åí äí ìíí ììí ìëí
2
VF
LOO
D
WR
U\

D
FF
H
OH
UD
WLR
Q
õ*
ô

)UHTXHQF\ õ+]ô

2VFLOODWLRQ &KDUDFWHULVWLFV õ([DPSOH RI êïæN: é3ô

ëïêïé %UDNH 0RWRU

:KHQ D PRWRU ZLWK PDJQHWLF EUDNH LV RSHUDWHG E\

WKH LQYHUWHUñ WKH SRZHU IRU WKH EUDNH PXVW EH

VXSSOLHG IURP WKH SULPDU\ RI WKH LQYHUWHUï

õ0RGLILFDWLRQV PXVW EH PDGH WR D PRWRU ZLWK EUDNH

ZKHUH WKH PRWRU WHUPLQDOV DUH FRQQHFWHG ZLWK WKH

EUDNH WHUPLQDOV LQVLGH WKH PRWRUñ HïJï D FXUUHQW W\SH

EUDNH ZKLFK RSHUDWHV WKH EUDNH XVLQJ D ODUJH VWDUWLQJ

FXUUHQWïô

7R VWRS WKH PRWRU ZLWK WKH PDJQHWLF EUDNHñ FRQQHFW

WKH RXWSXW VWRS WHUPLQDO 056 DQG 6' RI WKH LQYHUWHUñ

DQG DW WKH VDPH WLPHñ VZLWFK RII WKH VWDUW LQSXW VLJQDO

õDFURVV WHUPLQDOV 67) RU 675 DQG 6'ôï ,I WHUPLQDO

056 LV QRW XVHGñ WKH EUDNLQJ IRUFH ZLOO UHGXFH DW WKH

WLPH RI EUDNLQJ DQGîRU D ORFN FXUUHQW ZLOO IORZ LQ WKH

PRWRUñ FDXVLQJ WKH HOHFWURQLF WKHUPDO UHOD\ WR EH

DFWXDWHG E\ WKH FXUUHQW OLPLW IXQFWLRQ ZKLFK KDV EHHQ

DFWLYDWHG IRU D ORQJ WLPHï

2WKHU LQVWUXFWLRQV

ìô 7KH EUDNH VKRXOG EH XVHG DW D VSHHG RI çí+]

RU OHVVï ,I WKH PRWRU UXQQLQJ DW KLJK VSHHG LV

EURXJKW WR D VXGGHQ VWRSñ WKH EUDNLQJ FDSDFLW\

RI WKH HOHFWURPDJQHWLF EUDNH PD\ EH

LQVXIILFLHQW GHSHQGLQJ RQ WKH YDOXH RI ORDG

*'ëï

ëô :KHQ WKH PRWRU LV SURYLGHG ZLWK WKH 1% EUDNHñ

FRQWLQXRXV ORZðVSHHG RSHUDWLRQ EHORZ äííUSP

PD\ FDXVH QRLVH WR EH JHQHUDWHG GXH WR WKH

ORRVHQHVV RI WKH EUDNH GLVFñ ZKLFK GRHV QRW

RIIHU D IXQFWLRQDO SUREOHPï 7KLV W\SH RI PRWRU

FDQ EH XVHG ZLWKRXW IDXOW LI RSHUDWHG DW ORZ

VSHHG IRU D VKRUW GXUDWLRQñ HïJï SRVLWLRQLQJ WR D

VWRSï

$ IRXUðSROH PRWRU ZLWK 1% EUDNH FDQ EH

RSHUDWHG LQ WKH RSHUDWLQJ IUHTXHQF\ UDQJH IURP

êí WR çí+]ñ DQG D VL[ðSROH IURP éè WR äí+]ï
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ëíæ

ëïêïè 3ROHð&KDQJH 0RWRU

6LQFH D SROHðFKDQJH PRWRU LV GLIIHUHQW LQ UDWHG

FXUUHQW IURP D JHQHUDOðSXUSRVH PRWRUñ WKH LQYHUWHU

VKRXOG EH VHOHFWHG DIWHU FKHFNLQJ WKH UDWHG PRWRU

FXUUHQWï 7KH QXPEHU RI SROHV PXVW EH FKDQJHG DIWHU

VWRSSLQJ WKH PRWRUï ,I LW LV FKDQJHG GXULQJ URWDWLRQñ

WKH LQYHUWHU LV EURXJKW WR DQ DODUP VWRS DV LQGLFDWHG

LQ WKH WDEOH RQ WKH ULJKW DQG SURSHU RSHUDWLRQ FDQQRW

EH SHUIRUPHGï

6ZLWFKLQJ IURP KLJKð

VSHHG RSHUDWLRQ WR

ORZðVSHHG RSHUDWLRQ

2YHUFXUUHQW õ2&êô RU UHJHQHUDWLYH

RYHUYROWDJH õ29êô LV DFWLYDWHG WR FRDVW

WKH PRWRU WR D VWRSï

6ZLWFKLQJ IURP ORZð

VSHHG RSHUDWLRQ WR

KLJKðVSHHG RSHUDWLRQ

2YHUFXUUHQW õ2&ìô LV DFWLYDWHG WR FRDVW

WKH PRWRU WR D VWRSï

ëïêïç 6XEPHUVLEOH 0RWRU

6LQFH LWV URWRU DQG RWKHU SDUWV URWDWH XQGHU ZDWHUñ D

ZDWHU VHDO W\SH VXEPHUVLEOH PRWRU LV ODUJHU LQ

PHFKDQLFDO ORVV DQG UDWHG FXUUHQW WKDQ D JHQHUDOð

SXUSRVH PRWRUï 6HOHFW WKH LQYHUWHU FDSDFLW\ VR WKDW

LWV UDWHG RXWSXW FXUUHQW LV PRUH WKDQ ìïì WLPHV

JUHDWHU WKDQ WKH UDWHG FXUUHQW RI WKH VXEPHUVLEOH

PRWRUï õ$Q LQYHUWHU RI RQH UDQN KLJKHU FDSDFLW\

PD\ EH UHTXLUHG IRU WKH PRWRUïô

:KHQ ODUJH WRUTXH LV UHTXLUHG GXH WR ORGJHG VDQG

HWFïñ DQ LQYHUWHU RI RQH UDQN KLJKHU FDSDFLW\ PD\

EH VHOHFWHG WR UDLVH LWV RYHUORDG FDSDFLW\ DQG WKH

PRWRU FDSDFLW\ PD\ DOVR EH LQFUHDVHGï

$OWHUQDWLYHO\ñ WKH WRUTXH ERRVW õ 3Uï íô VHW YDOXH

PD\ EH LQFUHDVHGï ([DPSOHV RI VXEPHUVLEOH

PRWRUV XVHG ZLWK WKH LQYHUWHUV DUH LQGLFDWHG LQ WKH

WDEOH RQ WKH ULJKWï

2WKHU LQVWUXFWLRQV

ìô $V FRPSDUHG WR WKH RQH GULYHQ IURP D

FRPPHUFLDO SRZHU VXSSO\ñ WKH VXEPHUVLEOH

PRWRU GULYHQ E\ DQ LQYHUWHU LV VOLJKWO\ KLJKHU

LQ PRWRU WHPSHUDWXUH ULVHï 3DUWLFXODUO\ LQ D

FDQQHG V\VWHPñ WKH LQFUHDVH LQ FDQ ORVV

FDXVHV WKH VXEPHUVLEOH PRWRU GULYHQ E\ WKH

LQYHUWHU WR EH DERXW ìèø KLJKHU LQ

WHPSHUDWXUH WKDQ WKH RQH GULYHQ IURP D

FRPPHUFLDO SRZHU VXSSO\ï

)RU IXUWKHU GHWDLOVñ UHIHU WR WKH 0LWVXELVKL

LQYHUWHUðGULYHQ VXEPHUVLEOH PRWRU WHFKQLFDO

PDQXDOï

ëô 3URWHFWLRQ RI VXEPHUVLEOH PRWRUï

6LQFH WKH VXEPHUVLEOH PRWRU PD\ EH LQVWDOOHG

GHHS LQ D ZHOOñ LW LV GLIILFXOW WR GHWHFW LWV IDXOW

IURP WKH JURXQG DQG LWV SHUPLVVLEOH ORFN WLPH

LV VKRUWï +HQFHñ DQ DSSURSULDWH SURWHFWLRQ

UHOD\ PXVW EH VHOHFWHG WR SURWHFW WKH

VXEPHUVLEOH PRWRUï

,GHDOO\ñ WKH LQVWDOODWLRQ RI D WKHUPDO GHWHFWRUñ HïJï

WKHUPLVWRUñ RQ WKH PRWRU IRU WKH GHWHFWLRQ RI FRLO

WHPSHUDWXUH HQVXUHV VDIHW\ñ DOORZLQJ IDXOWV

RFFXUULQJ LQ D ORZðVSHHG UDQJH õDPELHQW ZDWHU

WHPSHUDWXUH ULVHñ RYHUORDG RSHUDWLRQô WR EH

GHWHFWHGï *HQHUDOO\ñ SURYLGH D WKHUPDO UHOD\

EHWZHHQ WKH LQYHUWHU DQG PRWRU DQG VHW ]HUR LQ

3Uï ä õHOHFWURQLF WKHUPDO 2î/ UHOD\ô RI WKH

LQYHUWHUï 6HW WKH RYHUORDG SURWHFWLRQ RI WKH

WKHUPDO UHOD\ WR WKH UDWHG PRWRU FXUUHQW DQG VHW

WKH ORFN SURWHFWLRQ WR ZLWKLQ è VHFRQGV õê

VHFRQGV LI GHVLUHGôï

6XEPHUVLEOH 0RWRU DQG ,QYHUWHU &RPELQDWLRQV

6XEPHUVLEOH 0RWRU $SSOLFDEOH ,QYHUWHU

)UDPH

QXPEHU
2XWSXW õN:ô

5DWHG FXUUHQW

õ$ô
õ1RWHô

ëíí9îèí+]

7\SH

íïæè éïë )5ð$èëíðíïæè.

ìïì çïí )5ð$èëíðìïè.

ìïè åïí )5ð$èëíðëïë.

ëïë ìëïí )5ð$èëíðêïæ.

0é

êïæ ìäïí )5ð$èëíðèïè.

êïæ ìæïå )5ð$èëíðèïè.

èïè ëèïè )5ð$èëíðæïè.

æïè êê )5ð$èëíðìì.

ìì éå )5ð$èëíðìè.

ìè çè )5ð$èëíðìåïè.

ìåïè æä )5ð$èëíðëë.

0ç

ëë äæ )5ð$èëíðêí.

ìåïè æå )5ð$èëíðëë.

ëë äê )5ð$èëíðêí.

êí ìëë )5ð$èëíðêæ.

êæ ìèí )5ð$èëíðéè.

0å

éè ìåë )5ð$èëíðèè.

1RWHã :KHQ FRPSDUHG WR D PRWRU GULYHQ IURP D FRPPHUFLDO SRZHU

VXSSO\ñ D ODUJHU FXUUHQW IORZV ZKHQ WKH PRWRU LV GULYHQ IURP

WKH LQYHUWHU XQGHU WKH VDPH ORDG EHFDXVH WKH IXOO ORDG

FKDUDFWHULVWLFV UHGXFH VOLJKWO\ õHIILFLHQF\ u íïäñ SRZHU IDFWRU u
íïäèôï
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ëíå

êô 2SHUDEOH IUHTXHQF\ UDQJHï

7KH RSHUDEOH IUHTXHQF\ UDQJHV RI WKH

0LWVXELVKL VXEPHUVLEOH PRWRUV DUH DV

LQGLFDWHG EHORZï

2SHUDEOH )UHTXHQF\ 5DQJHV RI 6XEPHUVLEOH 0RWRUV

2SHUDEOH )UHTXHQF\

5DQJH õ+]ô

0RWRU

2XWSXW

õN:ô

0RWRU

)UDPH

1XPEHU

7\SH RI

6XEPHUVLEOH

0RWRU ë3

íïæè

ìïì

ìïè

ëïë

êïæ

0é ëè WR çí

êïæ

èïè

æïè

ìì

ìè

ìåïè

ëë

0ç

&DQQHG W\SH

ëè WR çí

ìåïè

ëë

êí

êæ

éè

0å

:DWHU UHVLVWDQW

LQVXODWLRQ

W\SHõSRO\HWKOHQH

FRYHUHGô

ëè WR çí

1RWH ã 7KH DERYH WDEOH DSSOLHV WR WKH UDQJH JLYHQ

LQ WKH 0LWVXELVKL VXEPHUVLEOH PRWRU FDWDORJ

õFDWDORJ 1Rï .ð&ëäêçôï

éô :KHQ WKH FDEOH OHQJWK EHWZHHQ WKH PRWRU

DQG LQYHUWHU LV ORQJñ XVH D ODUJHðGLDPHWHU

FDEOH WR SUHYHQW WKH PRWRU WRUTXH IURP

GHFUHDVLQJ GXH WR WKH YROWDJH GURS RYHU WKH

FDEOHï

èô 8VLQJ DQ H[LVWLQJ VXEPHUVLEOH PRWRUï

7KH LQYHUWHU SRZHU VXSSO\ JHQHUDWHV D VXUJH

YROWDJHñ FDXVLQJ WKH YROWDJH WR ULVH VKDUSO\

õG9îGW LV ODUJHôï 7KHUHIRU ZKHQ XVLQJ D

VXEPHUVLEOH PRWRU ZKLFK KDV DOUHDG\ EHHQ

LQVWDOOHGñ D KLJK YROWDJH GHYHORSHG E\ WKH

LQYHUWHU PD\ EXUQ RXW WKH PRWRU LI LQVXODWLRQ

LV ORZHU WKDQ ìí0:ï &KHFN WKDW WKH LQVXODWLRQ
RI WKH VXEPHUVLEOH PRWRU KDV QRW

GHWHULRUDWHGï

çô ,QVWDOODWLRQ RI OHDNDJH FXUUHQW UHOD\ï

7KH LQVWDOODWLRQ RI D OHDNDJH FXUUHQW UHOD\ LQIRUPV

RI DQ DODUP RU DQ LQVXODWLRQ IDXOW RI WKH

VXEPHUVLEOH PRWRU DQG FDEOHñ DOORZLQJ PHDVXUHV

WR EH WDNHQ LQ DGYDQFHï /DUJHU LQ QRUPDO OHDNDJH

FXUUHQW DQG ORQJHU LQ FDEOH OHQJWK WKDQ D ODQG

PRWRUñ WKH VXEPHUVLEOH PRWRU VKRXOG EH VHOHFWHG

ZLWK FRQVLGHUDWLRQ JLYHQ WR D ODUJH OHDNDJH

FXUUHQWï

7KH OHDNDJH FXUUHQW RI WKH VXEPHUVLEOH PRWRU

RSHUDWHG IURP D FRPPHUFLDO SRZHU VXSSO\ LV DV

LQGLFDWHG LQ EHORZï

/HDNDJH &XUUHQW RI 6XEPHUVLEOH 0RWRU

/HDNDJH &XUUHQW õP$ô2XWSXW

õN:ô

2SHUDWLQJ

&RQGLWLRQ &DQQHG W\SH 3RO\HWKOHQH FRYHUHG

2SHUDWLRQ íïé �
íïæè

/RFNHG ì �

2SHUDWLRQ íïé �
ìïì

/RFNHG ì �

2SHUDWLRQ íïè �
ìïè

/RFNHG ì �

2SHUDWLRQ íïç �
ëïë

/RFNHG ë �

2SHUDWLRQ íïæ �
êïæ

/RFNHG ê �

2SHUDWLRQ íïå �
èïè

/RFNHG é �

2SHUDWLRQ íïå �
æïè

/RFNHG è �

2SHUDWLRQ íïä �
ìì

/RFNHG ç �

2SHUDWLRQ ì �
ìè

/RFNHG æ �

2SHUDWLRQ ìïì ç
ìåïè

/RFNHG å æê

2SHUDWLRQ ìïë ç
ëë

/RFNHG ä æé

2SHUDWLRQ � ç
êí

/RFNHG � æä

2SHUDWLRQ � æ
êæ

/RFNHG � åí

2SHUDWLRQ � ìì
éè

/RFNHG � ììæ
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ëíä

ëïêïæ ([SORVLRQð3URRI 0RWRU

$Q\ H[LVWLQJ FRPPHUFLDO SRZHU VXSSO\ðGULYHQ

SUHVVXUHðUHVLVWDQW H[SORVLRQðSURRI PRWRU RU DQ\

VDIHW\ðLQFUHDVHG H[SORVLRQðSURRI PRWRU FDQQRW EH

RSHUDWHG E\ WKH VWDQGDUG LQYHUWHUï

7R UXQ VXFK D PRWRU E\ WKH LQYHUWHUñ DSSURYDOV PD\

EH UHTXLUHG DFFRUGLQJ WR WKH FRXQWU\ RI GHVWLQDWLRQï

7KH WDEOH EHORZ LQGLFDWHV WKH VWDQGDUG

VSHFLILFDWLRQV RI WKH SUHVVXUHðUHVLVWDQW H[SORVLRQð

SURRI PRWRUV GHGLFDWHG WR LQYHUWHU GULYHï 7KH LQYHUWHU

XVHG ZLWK WKLV PRWRU PXVW EH WKH 0LWVXELVKL )5ð%

VHULHV LQYHUWHU GHGLFDWHG WR H[SORVLRQðSURRI PRWRU

õHTXLYDOHQW WR WKH )5ð$ëííô DQG PXVW EH LQVWDOOHG LQ

QRQðKD]DUGRXV ORFDWLRQVï

6WDQGDUG 6SHFLILFDWLRQ ([DPSOH IRU WKH ([SORVLRQð3URRI 0RWRU

7\SH
)UDPH

1Rï

2XWð

SXW

õN:ô

1XPEHU

RI 3ROHV

,QVXð

ODWLRQ

3RZHU

6XSSO\

([SORVLRQ

3URRI

6WUXFWXUH

$SSOLHG

,QYHUWHU

æì0 íïé

åí0 íïæè

)5ð%ð

æèí

äí/ ìïè
)5ð%ð

ìèíí

ìíí/ ëïë

ììë0 êïæ

)5ð%ð

êæíí

ìêë6 èïè
)5ð%ð

èïè.

;(ð

1(

ìêë0 æïè
)5ð%ð

æïè.

ìçí0 ìì
)5ð%ð

ìì.

ìçí/ ìè
)5ð%ð

ìè.

ìåí0 ëë

&ODVV %

)5ð%ð

ëë.

ëíí/ êí
)5ð%ð

êí.

ëëè6 êæ
)5ð%ð

êæ.

;)ð(

ëëè0 éè

é

&ODVV %

RU

FODVV )

ëíí9î

èí+]

ëíí9î

çí+]

ëëí9î

çí+]

Gë*é

)5ð%ð

éè.

1RWH ã )RU GDWD RWKHU WKDQ WKH DERYH VSHFLILFDWLRQVñ

FRQWDFW \RXU QHDUHVW VDOHV UHSUHVHQWDWLYHï

0RGHOV RI éíí9 FODVVñ RXWGRRU W\SH DQG

FRUURVLRQðSURRI W\SH DUH DOVR DYDLODEOHï )RU WKH

éíí9 FODVVñ WKH DSSOLHG LQYHUWHUV DUH GLIIHUHQW

IURP WKRVH OLVWHG DERYHï 3OHDVH FRQWDFW \RXU

QHDUHVW 0LWVXELVKL VDOHV UHSUHVHQWDWLYHï

2WKHU LQVWUXFWLRQV

ìô 7KH RSWLRQDO EUDNH XQLW RU SRZHU VXSSO\

UHJHQHUDWLQJ XQLW FDQQRW EH XVHG ZLWK WKH

LQYHUWHUï ,Q SULQFLSOHñ WKH PRWRU LV RSHUDWHG RQO\

DW WKH FRQVWDQW VSHHGï )RU IUHTXHQW VWDUWV DQG

VWRSVñ WKH VDIHW\ DSSURYDO PD\ EH UHTXLUHG

DJDLQï

ëô :KHQ D ìåïèN: PRWRU RXWSXW LV UHTXLUHGñ XVH D

ëëN: PRWRU ZLWK WKH )5ð%ðëë. LQYHUWHUï

êô :H FDQ DOVR PDQXIDFWXUH SUHVVXUHðUHVLVWDQWñ

H[SORVLRQðSURRI PRWRUV RI FRQVWDQWðWRUTXH

PRWRU VSHFLILFDWLRQVï )RU WKH PRWRUV RI

FRQVWDQWðWRUTXH PRWRU VSHFLILFDWLRQVñ WKHLU

PRWRU IUDPH QXPEHUV DQG DSSOLHG LQYHUWHUV DUH

GLIIHUHQW IURP WKRVH OLVWHG LQ WKH WDEOHï 3OHDVH

FRQWDFW \RXU VDOHV UHSUHVHQWDWLYHï
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Input power supply 200V/50Hz or 400V/50Hz
(when the motor's rated torque at 50Hz is 100%
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Input power supply 200-220V/60Hz
(when the motor's rated torque at 60Hz is 100%)

Continuous Duty Operation Rnge

Note : The usable operation range is between 6Hz and 120Hz (90Hz or less for the 15kW 4P, 90Hz or less
for the 22kW 4P (indoors), and 60Hz or less for the 22kW 4P (outdoors) and 30kW 4P or more).

2.3.8 Geared Motors

Geared motors differ in the continuous-duty speed
range according to the lubrication system and
manufacturer. Particularly with oil lubrication,
continuous operation only in the low speed range
can cause gear seizure. When performing high-
speed operation beyond 60Hz, please consult the
manufacturer.
(1)Mitsubishi standard geared motors

The grease-lubricated GM-LJ and H may be used
between low speed and high speed of 70 to
120Hz. The oil-lubricated GM-LJ and AJ are four-
pole motors and may be used between 25Hz and
high speed of 65 to 120Hz.
When the motor is inverter-driven, there is no
restriction on the permissible number of start
times as starting impact is lessened.
N ≥ 2 × 106 times
Note :Independent of the magnitude of load

inertia, provided that the inverter capacity is
equal to the motor capacity at the standard
setting of the torque boost.

Operable Frequency Range

Frequency Range (Hz)Motor Capacity 4P

(kW) Grease lubricated Oil lubricated

0.1

0.2

0.3

0.4

0.75

1.5

2.2

0 to 120 

3.7 0 to 85 25 to 120

5.5 0 to 75 25 to 120

7.5 0 to 70 25 to 115

11 25 to 105

15 25 to 95

22 25 to 90

30

37
25 to 70

45

55

75



25 to 65

Note : The above table applies to the range given in
the Mitsubishi geared motor catalog (catalog
No. K-178-7-C0613-F).
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ëìì

õëô%XLOWðLQ EUDNH W\SH JHDUHG PRWRU

5HIHU WR 6HFWLRQ ëïêïé û0RWRU ZLWK %UDNHûï :KHQ

WKH EUDNH LV XVHGñ WKLV W\SH RI PRWRU VKRXOG EH

XVHG DW OHVV WKDQ çí+] EHFDXVH WKHUH LV

UHVWULFWLRQ RQ WKH EUDNLQJ FDSDFLW\ï :KHQ D IRXUð

SROH PRWRU LV FRQWLQXRXVO\ RSHUDWHG DW OHVV WKDQ

êí+]ñ LW ZLOO JHQHUDWH QRLVH DW WKH EUDNH GLVFñ

ZKLFK JLYHV QR SUREOHP UHJDUGLQJ IXQFWLRQï

õêô*HDUHG PRWRU GHGLFDWHG WR LQYHUWHU RSHUDWLRQ

%HLQJ D WRWDOO\ðHQFORVHG QRQðYHQWLODWHG W\SHñ WKLV

PRWRU KDV DFKLHYHG ìííø FRQVWDQW WRUTXH HYHQ

LQ WKH ORZðVSHHG UDQJH DQG UXQV ZLWKRXW WKH

VRXQG RI WKH FRROLQJ IDQñ HQVXULQJ ORZ QRLVH DW

KLJK VSHHGïõH[FHSW íïæèN:ôï

6WDQGDUG 6SHFLILFDWLRQV RI *HDUHG 0RWRU 'HGLFDWHG

WR ,QYHUWHU 'ULYH

7\SH
2XWSXW

õN:ô

1XPEHU

RI 3ROHV

3RZHU

6XSSO\

,QVXODð

WLRQ

5HGXFWLRQ

5DWLR

íïì

íïë

íïê

íïé

*0ð

+ë

íïæè

é

ëíí9îèí+]

ëíí9îçí+]

ëëí9îçí+]

&ODVV (

3DUDOOHO D[LV

VHULHV

ìîè WR ìîìëíí

&DUWHVLDQ

VHULHV

ìîìí WR ìîìíí

õéô&\FOR VSHHG UHGXFHU GLUHFWO\ FRXSOHG ZLWK PRWRU

:KHQ WKH VSHHG UHGXFHU LV VSHFLILHG DV LQYHUWHUð

GULYHQ LQ WKH SXUFKDVH RUGHUñ WKH PRWRU PD\ EH

GLIIHUHQW IURP WKH VWDQGDUG RQHï ,I RYHUFXUUHQW

VKXWðRII õ2&ìô RFFXUV LPPHGLDWHO\ DIWHU D VWDUWñ

DGMXVW WKH WRUTXH ERRVW õ 3Uï íôï

ìô $Q ìãìí VSHHG UDQJH LV VWDQGDUGï &RQVXOW WKH

PDQXIDFWXUHU ZKHQ WKH VSHHG UHGXFHU LV XVHG

DW PRUH WKDQ çí+]ï

ëô /XEULFDQWã

)UDPH QXPEHUV úëíå WR úëìì DUH JUHDVHð

OXEULFDWHGï )UDPH QXPEHUV úåé WR úåä RI

KRUL]RQWDO PRXQWLQJ W\SH DUH RLOðOXEULFDWHG OLNH

WKH VWDQGDUG RQHVï )RU WKLV W\SHñ RLO XVHG

VKRXOG EH RI ORZ YLVFRVLW\ ZLWKLQ WKH 9* UDQJHï

)RU IUDPH QXPEHUV úåé WR úåä RI YHUWLFDO W\SHñ

WKH OXEULFDWLRQ V\VWHP PXVW EH FRQVLGHUHG

DFFRUGLQJ WR WKH ZRUNLQJ VSHHG UDQJHï

êô 1RWH WKH VWDUWLQJ FKDUDFWHULVWLF DW ORZ

WHPSHUDWXUHï

7KH ORVV RI WKH F\FOR VSHHG UHGXFHU GHSHQGV

RQ WKH DPELHQW WHPSHUDWXUHñ LQSXW VSHHGñ ORDG

IDFWRU DQG OXEULFDQWï 7KH VWDUWLQJ FKDUDFWHULVWLF

PXVW EH QRWHG XQGHU KRVWLOH FRQGLWLRQV ZKHUH

VXGGHQ DFFHOHUDWLRQ LV PDGH IURP WKH VWDUW WR

ìåííUSP XQGHU ORDG DW D ORZ WHPSHUDWXUHï 7KH

ORVV LQ WRUTXH RI WKH RLOðOXEULFDWHG PRGHO DW WKH

DPELHQW WHPSHUDWXUH RI íq& LV ìè WR êíø RI WKH

UDWHG YDOXH DW çí+]ï

ëïêïä 6\QFKURQRXV 0RWRU

6LQFH D V\QFKURQRXV PRWRU LV ODUJHU LQ VWDUWLQJ DQG

UDWHG FXUUHQW WKDQ D VWDQGDUG WKUHHðSKDVH PRWRUñ D

ODUJHU LQYHUWHU VKRXOG EH VHOHFWHG FRPSDUHG WR WKH

PRWRU FDSDFLW\ï ,Q DGGLWLRQñ LW LV QHFHVVDU\ WR FKHFN

ZKHWKHU WKH SXOOðLQ WRUTXH LV VXIILFLHQW DQG WKH

URWDWLRQ DIWHU SXOOLQJðLQ LV VWDEOH RQ WKH DFWXDO

PDFKLQHï 3DUWLFXODUO\ DW êí+] RU OHVVñ WKH VWDELOLW\

PD\ GHWHULRUDWHï

1RWH WKDW ZKHQ PDQ\ V\QFKURQRXV PRWRUV DUH

VZLWFKHG RQîRII LQGLYLGXDOO\ LQ JURXS FRQWUROñ WKH\

PD\ EH RXW RI V\QFKURQL]DWLRQï

ëïêïìí 6LQJOHð3KDVH 0RWRU

,W LV QRW UHFRPPHQGHG WR XVH D VLQJOHðSKDVH PRWRU

ZLWK DQ LQYHUWHUï 7KH VPDOO FDSDFLW\ RI WKH VLQJOHð

SKDVH PRWRU LV RIWHQ UDWHG DW ìíí9 DQG GRHV QRW

PDWFK WKH LQYHUWHUï 7KH 6&ñ 6/ñ 6&/ DQG RWKHU

PRWRUV ZLWK FDSDFLWRUV FDXVH DQ H[FHVVLYH FXUUHQW WR

IORZ LQ WKH FDSDFLWRUñ UHVXOWLQJ LQ FDSDFLWRU EUHDNDJHï

$ VSOLWðSKDVHðVWDUW RU UHSXOVLRQðVWDUW PRWRU FDQQRW EH

XVHG EHFDXVH WKH\ ZLOO FDXVH WKH FHQWULIXJDO VZLWFK

WR EH GHDFWXDWHGï õ7KH VWDUWLQJ ZLQGLQJ ZLOO EH

EXUQHG RXW LQ D VKRUW WLPHïô :KHQ D VLQJOHðSKDVH

ëíí9 SRZHU VXSSO\ LV RQO\ DYDLODEOHñ UHIHU WR 6HFWLRQ

ìïå ¦8VH RI WKH ,QYHUWHU ZLWK 6LQJOHð3KDVH 3RZHU

6XSSO\¦ DQG XVH D VWDQGDUG WKUHHðSKDVH PRWRUï
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ëìë

ëïêïìì 3HUPLVVLEOH 0D[LPXP )UHTXHQF\ RI *HQHUDOð 3XUSRVH 0RWRU

õìô6WDQGDUG PRGHOV

'ULSðSURRI SURWHFWLRQ PRWRUã 6%ð-5õ)ñ 9ô

7RWDOO\ðHQFORVHG IDQðFRROHG PRWRUã 6)ð-5õ)ñ 9ô

1XPEHU

RI 3ROHV

)UDPH

1XPEHU

ë é ç

çê

æì

åí

äí

ìíí

ìëí+]1RWH ë

õæëííUîPLQô

ììë

ìêë

äí+]

õèéííUîPLQô

ìëí+]

õêçííUîPLQô

ìçí
æè+]

õéèííUîPLQô

ìåí
çè+]

õêäííUîPLQô

ìíí+]

õêíííUîPLQô

ìëí+]

õëéííUîPLQô

ëíí

ëëè

çí+]

õêçííUîPLQô

çè+]

õìäèíUîPLQô

çè+]

õìêííUîPLQô

1RWHã ìï 7KH YDOXH LQ WKH SDUHQWKHVHV LQGLFDWHV V\QFKURQRXV

VSHHGï

ëï :KHQ D WZRðSROH PRWRU RI IUDPH QXPEHU äí RU ìíí LV UXQ

DW ìëí+]ñ QRLVH ZLOO H[FHHG äíG% õ$ôï

õëô2WKHU PRGHOV

1XPEHU

RI 3ROHV

)UDPH

1XPEHU

ë é ç

:LWK 1% EUDNH

1R

FRUUHVSRQð

GLQJ PRGHO

êí WR çè+]

õH[FHSW

YHUWLFDO W\SHô

éè WR äí+]

õH[FHSW

YHUWLFDO W\SHô

çê WR

ìêë
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ìåí
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ëíí

2XWGRRU

W\SH
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SURRI

W\SH
ëëè

çí+]
çè+]

çè+]

ëïêïìë ,QYHUWHUðGULYHQ éíí9 PRWRU

:KHQ D éíí9 FODVV PRWRU LV GULYHQ E\ DQ LQYHUWHUñ D

VXUJH YROWDJH DWWULEXWDEOH WR WKH ZLULQJ FRQVWDQWV LV

SURGXFHG DW WKH PRWRU WHUPLQDOVï 7KLV YROWDJH LV

LQIOXHQFHG E\ WKH LQYHUWHUðWRðPRWRU ZLULQJ OHQJWK DV

VKRZQ RQ WKH ULJKWï 6LQFH WKLV YROWDJH PD\

GHWHULRUDWH WKH PRWRU LQVXODWLRQñ WKH IROORZLQJ DFWLRQV

DUH QHHGHGã

õìô+RZ WR HQKDQFH PRWRU LQVXODWLRQ

)RU D éíí9 FODVV PRWRUñ XVH DQ LQVXODWLRQð

HQKDQFHG PRWRUï 6SHFLILFDOO\ã

ìô 6SHFLI\ WKH ûéíí9 FODVV LQYHUWHUðGULYHQñ

LQVXODWLRQðHQKDQFHG PRWRUûï

ëô $V D GHGLFDWHG PRWRU VXFK DV D FRQVWDQWð

WRUTXH PRWRU RU ORZðYLEUDWLRQ PRWRUñ XVH D

ûPRWRU GHGLFDWHG WR LQYHUWHU RSHUDWLRQûï

õëô+RZ WR VXSSUHVV VXUJH YROWDJH RQ WKH LQYHUWHU

VLGH

,Q WKH VHFRQGDU\ VLGH RI WKH LQYHUWHUñ FRQQHFW D

VXUJH YROWDJH VXSSUHVVLQJ ILOWHU ZKLFK ZLOO PDNH

WKH PRWRU WHUPLQDO YROWDJH OHVV WKDQ åèí9ï

:KHQ WKH PRWRU LV GULYHQ E\ WKH 0LWVXELVKL

LQYHUWHUñ FRQQHFW WKH RSWLRQDO VXUJH YROWDJH

VXSSUHVVLRQ ILOWHU õ)5ð$6)ð+ô LQ WKH VHFRQGDU\

VLGH RI WKH LQYHUWHUï

,Q WKLV FDVHñ WKH YROWDJH UHGXFHV E\ DERXW çø DQG

FDUH PXVW WKHUHIRUH EH WDNHQ WR DYRLG D WRUTXH

VKRUWDJHï

ìëíí

ììíí

ìííí
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åíí

æíí
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í
ìí ëí êí éí èí çí æí åí äí ìíí
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:LULQJ /HQJWK YVï 0RWRU 7HUPLQDO 9ROWDJH

õ0HDVXUHPHQW H[DPSOHô
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ëìê

ëïé 3RZHU 6XSSO\ RI WKH LQYHUWHU

ëïéïì ,QYHUWHU ,QSXW &XUUHQW DQG 3RZHU )DFWRU

7KH FRQYHUWHU FLUFXLW RI WKH WUDQVLVWRUL]HG LQYHUWHU

FRQVLVWV RI WKUHHðSKDVH EULGJHG GLRGHV DQG

FDSDFLWRUðLQSXW VPRRWKLQJ FLUFXLW DV VKRZQ LQ EHORZï

,QYHUWHU
FLUFXLW

3
R
Z
HU

VX
SS
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0RWRU
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9
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57
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&RQYHUWHU &LUFXLW 6WUXFWXUH

7KH VWDWLF FDSDFLW\ RI WKH '& VPRRWKLQJ FDSDFLWRU LV

YHU\ ODUJH DQG WKH LQSXW FXUUHQW õ,ô IURP WKH SRZHU

VXSSO\ IORZV RQO\ ZKHQ WKH YROWDJH õ9ô RI WKH SRZHU

VXSSO\ LV KLJKHU WKDQ WKH WHUPLQDO YROWDJH õ(Gô RI WKH

VPRRWKLQJ FDSDFLWRUï +HQFHñ WKH FRQGXFWLRQ ZLGWK RI

WKH FRQYHUWHU FLUFXLW LV YHU\ QDUURZ DQG WKH SHDN

õFUHVWô YDOXH RI WKH LQSXW FXUUHQW LV ODUJHï 7KH LQSXW

SRZHU IDFWRUV JLYHQ LQ WKH WDEOH RQ WKH ULJKW DVVXPH

WKDW WKH '& YROWDJH GRHV QRW YDU\ï $V VKRZQ LQ WKH

WDEOH RQ WKH ULJKWñ LI WKH '& YROWDJH õ(Gô LV JUHDWHU

WKDQ ìïêè WLPHV RI WKH LQSXW YROWDJH õ9ô XQGHU D OLJKW

ORDGñ WZR SXOVH FXUUHQWV IORZ LQ D KDOI F\FOH DV VKRZQ

LQ WKH LQSXW FXUUHQW ZDYHIRUP õVHH WKH GLDJUDPV RQ

WKH QH[W SDJHô DQG WKH SRZHU IDFWRU IDOOV WR èåïæø RU

OHVVï

2UGLQDULO\ñ WKH SRZHU IDFWRU LV UHSUHVHQWHG E\ D

SKDVH GLIIHUHQFH EHWZHHQ YROWDJH DQG FXUUHQWï :KHQ

D FXUUHQW KDYLQJ D GLVWRUWHG ZDYHIRUP IORZV LQ WKH

LQYHUWHU LQSXWñ WKH SRZHU IDFWRU LV FDOFXODWHG IURP DQ

DSSDUHQW SRZHU DQG D WKUHHðSKDVH LQSXW SRZHU

IRXQG WKURXJK WKH WKUHHðZDWWPHWHU PHWKRGï 7KH

SRZHU IDFWRU WKXV FDOFXODWHG LV FDOOHG DQ RYHUDOO

SRZHU IDFWRUï

$& 3RZHU 6XSSO\ &XUUHQW DQG 3RZHU

)DFWRU RI &RQYHUWHU &LUFXLW LQ ,QYHUWHU

(G 3RZHU )DFWRU )RUP )DFWRU
&UHVW õSHDNô

)DFWRU

(G ! ìïêè9 èåïæø RU OHVV ìïää RU PRUH ëïìç RU PRUH

(G  ìïêè9 èåïæø ìïää ëïìç

ìïêè9 ! (G !
ìïëëè9

èåïæ WR åêïèø ìïää WR ìïëæ ëïìç WR ìïæì

(G  ìïëëè9 åêïèø ìïëæ ìïæì

ìïëëè9!(G åêïè WR äèïêø ìïëæ WR ìïëê ìïæì WR ìïëå

3RZHU VXSSO\ FDSDFLW\ >.9$@

õ1RWHô
,QSXW FXUUHQW õ,ô

2I LQYHUWHU
 

ê u 9
>$@

1RWHã 5HIHU WR 6HFWLRQ ìïìïìï

HIIHFWLYH SRZHU
2YHUDOO SRZHU IDFWRU RI ,QYHUWHU  

DSSDUHQW SRZHU

êðSDKVH LQSXW SRZHU IRXQG E\ êðZDWWPHWHU PHWKRG
 

ê u 9 õ3RZHU VXSSO\ YROWDJHô

u , õ ,QSXW FXUUHQW HIIHFWLYH YDOXHô

õ7KH SRZHU IDFWRU YDOXH PHDVXUHG WKURXJK WKUHHð

SKDVH SRZHU IDFWRU PHWHU ZKLFK LQGLFDWHV D SKDVH

GLIIHUHQFH EHWZHHQ YROWDJH DQG FXUUHQW LV GLIIHUHQW

IURP WKH DERYH RYHUDOO SRZHU IDFWRU EHFDXVH WKH

FXUUHQW IORZLQJ LQ WKH LQYHUWHU LV QRW D VLQHðZDYH

FXUUHQWïô

6LQFH WKH LQSXW FXUUHQW KDV D GLVWRUWHG ZDYHIRUP DQG

WKH IRUP IDFWRU LV KLJK õWKH IRUP IDFWRU RI D VLQH ZDYH

LV ìïììô DV GHVFULEHG DERYHñ WKH RYHUDOO LQSXW SRZHU

IDFWRU RI WKH LQYHUWHU PD\ EHFRPH H[WUHPHO\ ORZ

GHSHQGLQJ RQ WKH SRZHU VXSSO\ YROWDJH DQG ORDG

IDFWRUñ XVXDOO\ DERXW æè WR åíø IRU WUDQVLVWRUL]HG

LQYHUWHUVï $FFRUGLQJO\ñ WKH LQSXW FXUUHQW õHIIHFWLYH

YDOXHô LQFUHDVHVï
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ëïéïë ,PSURYHPHQW RI 3RZHU )DFWRU

$ ZLGHVSUHDG PHWKRG RI LPSURYLQJ WKH SRZHU IDFWRU

LV WR LQVHUW D UHDFWRU LQ WKH $& RU '& VLGH RI WKH

FRQYHUWHU LQ RUGHU WR VPRRWK WKH FXUUHQWï õ7KH

LQYHUWHU LQSXW SRZHU IDFWRU LV QRW LPSURYHG LI D

SRZHUðIDFWRU FRUUHFWLQJ SRZHU FDSDFLWRU LV LQVHUWHG LQ

WKH LQSXW FLUFXLWï $ FDSDFLWRU PXVW QRW EH LQVHUWHG LQ

WKH RXWSXW FLUFXLWï ,I LQVHUWHGñ WKH FDSDFLWRU ZLOO EH

GDPDJHG E\ WKH KDUPRQLF FXUUHQW RI WKH LQYHUWHUïô

%\ FRQQHFWLQJ WKH RSWLRQDO )5ð%$/ RU )5ð%(/

SRZHUðIDFWRU FRUUHFWLQJ UHDFWRU WR WKH LQYHUWHUñ WKH

FXUUHQW ZDYHIRUP LV LPSURYHG DQG WKH SRZHU IDFWRU

FRUUHFWHG DV VKRZQ LQ )LJõEôï ,Q DGGLWLRQñ WKH

HIIHFWLYH YDOXH RI WKH LQSXW FXUUHQW LV UHGXFHGï

7KH LQYHUWHU LQSXW FXUUHQW LV LQIOXHQFHG E\ WKH

UHDFWDQFH RI WKH SRZHU VXSSO\ OLQH DQG WKDW RI WKH

LQSXW WUDQVIRUPHUï :KHQ WKH UHDFWDQFH RI WKH SRZHU

VXSSO\ OLQH LV ODUJHUñ WKH SRZHU IDFWRU LV KLJKHU DQG

WKH LQSXW FXUUHQW LV VPDOOHUï

9ROWDJH

&XUUHQW

Dô :LWKRXW SRZHUðIDFWRU FRUUHFWLQJ UHDFWRU

9ROWDJH

&XUUHQW

Eô :LWK SRZHUðIDFWRU FRUUHFWLQJ UHDFWRU

,QYHUWHU ,QSXW &XUUHQW :DYHIRUPV

ëïéïê ,QUXVK &XUUHQW

,Q D 3:0 LQYHUWHU ZKLFK FRPSULVHV RI D FDSDFLWRUð

LQSXW ILOWHU FLUFXLWñ DQ LQUXVK FXUUHQW IORZV LQWR WKH

VPRRWKLQJ HOHFWURO\WLF FDSDFLWRU ZKHQ WKH LQSXW 1)%

LV VZLWFKHG RQï 7KLV LQUXVK FXUUHQWñ ZKLFK IORZV RQO\

IRU WKH FDSDFLWRU FKDUJLQJ WLPHñ LV H[WUHPHO\ ODUJH

GHVSLWH LWV VKRUW GXUDWLRQï 6LQFH WKH LQUXVK FXUUHQW LV

LQYHUVHO\ SURSRUWLRQDO WR WKH LPSHGDQFH RI WKH SRZHU

VXSSO\ñ WKH LQUXVK FXUUHQW LQFUHDVHV LQ SURSRUWLRQ WR

WKH ULVH LQ SRZHU VXSSO\ FDSDFLW\ï

7R VXSSUHVV WKH LQUXVK FXUUHQWñ DQ LQUXVK FXUUHQW

VXSSUHVVLQJ UHVLVWRU RI VKRUWðGXUDWLRQ UDWLQJ LV

SURYLGHG LQ WKH FRQYHUWHU FLUFXLW RI WKH DOO PRGHOV RI
$èíí DQG ëïë. WR æïè. PRGHOV RI (èíí ï $YRLG

VZLWFKLQJ WKH LQYHUWHU SRZHU VXSSO\ RQîRII IUHTXHQWO\ï

7KH LQUXVK FXUUHQW RFFXUULQJ IUHTXHQWO\ DW SRZHUðRQ

PD\ GHWHULRUDWH RU VKRUW WKH LQUXVK FXUUHQW

VXSSUHVVLQJ FLUFXLW RU GDPDJH WKH UHFWLILHU FLUFXLWñ IRU

H[DPSOHï

(VSHFLDOO\ ZKHQ WKH SRZHU VXSSO\ FDSDFLW\ LV ODUJHñ

XVH WKH RSWLRQDO SRZHU IDFWRU LPSURYLQJ UHDFWRU

õ)5ð%$/ RU )5ð%(/ô LQ DFFRUGDQFH ZLWK WKH

VHOHFWLRQ FRQGLWLRQVï
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ëïéïé ,QVWDQWDQHRXV 3RZHU )DLOXUH

,I DQ LQVWDQWDQHRXV SRZHU IDLOXUH KDV RFFXUUHG

õìèPV RU ORQJHUôñ WKH LQYHUWHU SURWHFWLYH FLUFXLW LV

DFWLYDWHG WR FRDVW WKH PRWRU WR D VWRSï õ6HH 6HFWLRQ

ìïéïìïõëô õêôô

:KHQ WKH SRZHU LV UHVWRUHG LQ OHVV WKDQ DERXW èí WR

ìííPVñ WKH LQVWDQWDQHRXV SRZHU IDLOXUH SURWHFWLYH

FLUFXLW LV NHSW DFWLYDWHG DQG WKH PRWRU GRHV QRW

UHVWDUWï :KHQ WKH LQVWDQWDQHRXV SRZHU IDLOXUH WLPH LV

DSSUR[LPDWHO\ èí WR ìííPV RU ORQJHUñ WKH LQYHUWHU LV

LQLWLDOðUHVHW DW WKH WLPH RI SRZHU UHVWRUDWLRQ DQG WKH

LQYHUWHU UHVWDUWV LI WKH VWDUW VLJQDO UHPDLQV RQï ,I WKH

PRWRU LV FRDVWLQJ DW WKLV WLPHñ D ODUJH FXUUHQW PD\

IORZ LQ WKH LQYHUWHU DQG DFWLYDWH WKH FXUUHQW OLPLW

IXQFWLRQï ,Q WKLV FDVHñ WKH PRWRU LV VXGGHQO\

GHFHOHUDWHGñ WKHQ UHDFFHOHUDWHGï 7R HQVXUH VPRRWK

UHVWDUW RI WKH FRDVWLQJ PRWRU DW WKH WLPH RI SRZHU

UHVWRUDWLRQñ XVH WKH DXWRPDWLF UHVWDUW IXQFWLRQ DIWHU

LQVWDQWDQHRXV SRZHU IDLOXUHï

ëïéïè 3RZHU 6XSSO\ 9ROWDJH 9DULDWLRQ

7KH SHUPLVVLEOH YROWDJH YDULDWLRQ UDQJH VKRXOG EH

ZLWKLQ WKH UDQJH IURP òìíø WR ðìèø RI WKH UDWHG

YROWDJHï ,I WKH SRZHU VXSSO\ YROWDJH ULVHV VKDUSO\ñ WKH

VHPLFRQGXFWRU GHYLFHV DQG HOHFWURO\WLF FDSDFLWRU

PD\ EH GDPDJHGñ DGYHUVHO\ DIIHFWLQJ WKH FRQWURO

WUDQVIRUPHUñ PDJQHWLF FRQWDFWRU IRU VKRUWLQJ WKH

LQUXVK FXUUHQW SUHYHQWLQJ UHVLVWRUñ DQG WKH OLNHï ,Q

DGGLWLRQñ WKH UHJHQHUDWLYH EUDNH FDSDELOLW\ ZLOO EH

UHGXFHGñ PRUH RIWHQ UHVXOWLQJ LQ 29ì WR 29ê

õUHJHQHUDWLYH RYHUYROWDJHôï

&RQYHUVHO\ñ LI WKH YROWDJH LV UHGXFHG JUHDWO\ñ

XQGHUYROWDJH SURWHFWLRQ õ897ô LV DFWLYDWHG DQG

RSHUDWLRQ PD\ QRW EH SHUIRUPHG SURSHUO\ï

3DUWLFXODUO\ ZKHQ WKH SRZHU VXSSO\ LV VKDUHG

EHWZHHQ WKH LQYHUWHU DQG D ODUJHðFDSDFLW\ PRWRU

UHTXLULQJ D ORQJ VWDUWLQJ WLPHñ WKH SRZHU VXSSO\

YROWDJH PD\ GURS VKDUSO\ DW ZKHQ VWDUWLQJ WKH PRWRUï

)RU PRUH LQIRUPDWLRQ RQ SRZHU VXSSO\ XQGHUYROWDJHñ

UHIHU WR 6HFWLRQ ìïæïçï

ëïéïç ,PEDODQFHG 3RZHU 6XSSO\ 9ROWDJH

,I D VPDOO LPEDODQFH RFFXUV LQ WKH SRZHU VXSSO\

YROWDJH RI WKH LQYHUWHUñ WKH LQYHUWHU LQSXW FXUUHQW PD\

EH XQEDODQFHG JUHDWO\ï ,Q WKH ZRUVW FDVHñ WKH FXUUHQW

PD\ IORZ RQO\ LQ WZR SKDVHVï 7KLV WDNHV SODFH ZKHQ

WKH PRWRU LV RSHUDWHG E\ WKH LQYHUWHU XQGHU D OLJKW

ORDG RU DW ORZ VSHHGï :KHQ WKH FXUUHQW IORZLQJ LQ WKH

ORDG LV VPDOOñ WKH WHUPLQDO YROWDJH RI WKH VPRRWKLQJ

FDSDFLWRU RQO\ IDOOV VORZO\ñ FDXVLQJ WKH LQSXW FXUUHQW

QRW WR IORZ LQ WKH SKDVH ORZHVW LQ $& SRZHU VXSSO\

YROWDJHï 7KLV LV QRW D IDXOW DQG WKH FXUUHQW LV

EDODQFHG ZKHQ WKH ORDG LQFUHDVHV RU ZKHQ WKH PRWRU

UHDFKHV WKH KLJKðVSHHG UDQJH DQG WKH LQSXW FXUUHQW

LQFUHDVHVï 7R ILQG WKH LQSXW FXUUHQWñ DYHUDJH WKH

FXUUHQWV PHDVXUHG DW DOO WKH WKUHH SKDVHVï
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ëïéïæ &RRUGLQDWLRQ ZLWK &RPPHUFLDO 6XSSO\

:KHQ WKH RYHUDOO LPSHGDQFH RI WKH SRZHU VXSSO\ OLQH

LV VPDOO RU ZKHQ WKHUH LV D SRZHU FDSDFLWRU VZLWFKLQJ

GHYLFH LQ WKH VDPH SRZHU VXSSO\ OLQHñ WKH SHDN YDOXH

RI WKH LQYHUWHU LQSXW FXUUHQW PD\ LQFUHDVHñ GDPDJLQJ

WKH FRQYHUWHU FLUFXLWï 7R SUHYHQW WKLVñ WKH SRZHUð

IDFWRU FRUUHFWLQJ UHDFWRU PXVW EH XVHG WR UHGXFH WKH

FXUUHQW SHDN YDOXH E\ WKH FXUUHQW OLPLWLQJ DFWLRQ RI

WKH UHDFWRUï (VSHFLDOO\ ZKHQ WKH LQYHUWHU LV LQVWDOOHG

QHDU D SRZHU WUDQVIRUPHUñ LQVHUW WKH SRZHU IDFWRU

LPSURYLQJ UHDFWRU õ'& RU $&ô DFFRUGLQJ WR WKH

VHOHFWLRQ FRQGLWLRQV VKRZQ EHORZï

ëííí

ìèíí

ìííí

èíí

í
í ìí ëí

$UHD UHTXLULQJ
SRZHUðIDFWRU FRUUHFWLQJ
UHDFWRU
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&DEOH OHQJWK õPô

,QYHUWHU 3RZHU 6XSSO\ 6LGH &DEOH /HQJWK YVï

3HUPLVVLEOH 3RZHU 6XSSO\ &DSDFLW\ 9DOXH

1RWHã 7KH FDEOH VL]H VKRXOG EH DV LQGLFDWHG LQ

6HFWLRQ ëïç û6HOHFWLQJ 3HULSKHUDO (TXLSPHQWûï

z:KHQ DQ DXWRPDWLF SRZHUðIDFWRU UHJXODWRU RU D

WK\ULVWRU W\SH FRQWUROOHU LV FRQQHFWHG WR WKH SRZHU

VXSSO\ OLQH ZKHUH WKH LQYHUWHU LV FRQQHFWHG õVHH

EHORZôï

,I WKH SRZHU VXSSO\ YROWDJH LV GLVWRUWHG E\ UXQQLQJ

WKH DERYH GHYLFHVñ WKH SHDN YDOXH RI WKH LQYHUWHU

LQSXW FXUUHQW PD\ LQFUHDVHñ GDPDJLQJ WKH LQYHUWHUï

:KHQ VXFK D FRQGLWLRQ LV H[SHFWHG WR RFFXUñ LQVHUW

WKH SRZHUðIDFWRU FRUUHFWLQJ UHDFWRU LQ WKH LQSXW

FLUFXLW õ1RWH ìô DV ZKHQ LQVWDOOLQJ WKH LQYHUWHU

FORVH WR WKH SRZHU VXSSO\ WUDQVIRUPHU DV

GHVFULEHG DERYHï

,0

7UDQVIRUPHU

õ1RWH ëô
3RZHUðIDFWRU
FRUUHFWLQJ
$& UHDFWRU

3RZHUðIDFWRU
FRUUHFWLQJ
'& UHDFWRU
õ1RWH ìô

,QYHUWHU

7K\ULVWRU
FRQWUROOHU $XWRPDWLF

SRZHUðIDFWRU
UHJXODWRU

$XWRPDWLF SRZHUðIDFWRU UHJXODWRU

RU D WK\ULVWRU W\SH FRQWUROOHU LV FRQQHFWHG

WR WKH SRZHU VXSSO\ OLQH

1RWHã ìï 7KH )5ð%(/ SRZHUðIDFWRU FRUUHFWLQJ '&

UHDFWRU õRSWLRQô IRU FRQQHFWLRQ ZLWK WKH '&

VLGH RI WKH LQYHUWHU DOVR SURGXFHV DQ

LGHQWLFDO HIIHFWï

ëï 1RWH WKDW XVLQJ DQ $& UHDFWRU ZLOO FDXVH

WKH YROWDJH WR GURS DERXW çø XQGHU UDWHG

LQYHUWHU ORDGñ UHGXFLQJ WKH WRUTXHï
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,QYHUWHUð*HQHUDWHG +DUPRQLFVñ 1RLVHV DQG /HDNDJH &XUUHQWV

ëïèïì 'LIIHUHQFHV EHWZHHQ QRLVH DQG KDUPRQLFV

$PRQJ DGYHUVH HIIHFWV JLYHQ E\ DQ LQYHUWHU WR D

SRZHU VXSSO\ DQG SHULSKHUDO GHYLFHVñ SHULSKHUDO

GHYLFH PDOIXQFWLRQV DQG RWKHUV ZKRVH FDXVHV

FDQQRW EH LGHQWLILHG DUH RIWHQ PLVWDNHQ IRU KDUPRQLFV

RU QRLVH DQG RIWHQ REVWUXFW UHGXFWLRQ WHFKQLTXHVï )RU

H[DPSOHñ HOHFWURPDJQHWLF LQWHUIHUHQFHñ QRLVH DQG

RWKHU PDOIXQFWLRQV SURGXFHG E\ D SHUVRQDO FRPSXWHU

DUH GLVWLQFWO\ GLIIHUHQW LQ WKHLU VRXUFHVñ DGYHUVH

HIIHFWV HWFï IURP KDUPRQLFV LQ D SRZHU FLUFXLW DQG

WKHLU UHGXFWLRQ WHFKQLTXHV GLIIHU JUHDWO\ï

7KHLU GLIIHUHQFHV ZLOO EH GHVFULEHG EHORZï

+DUPRQLFV DUH GHILQHG WR KDYH D IUHTXHQF\ WKDW LV DQ

LQWHJUDO PXOWLSOH RI WKH IXQGDPHQWDO ZDYH DQG LV

GLIIHUHQWLDWHG IURP KLJK IUHTXHQFLHVï 7KH

FRPSRVLWLRQ RI D VLQJOH IXQGDPHQWDO ZDYH DQG

VHYHUDO KDUPRQLFV LV FDOOHG D GLVWRUWHG ZDYHï

$ GLVWRUWHG ZDYH JHQHUDOO\ LQFOXGHV KDUPRQLFV LQ D

KLJKðIUHTXHQF\ UHJLRQ õN+] WR 0+] RUGHUôñ EXW D

GLVWRUWHG ZDYH KDQGOHG DV KDUPRQLFV LQ D SRZHU

GLVWULEXWLRQ V\VWHP LV XVXDOO\ RI XS WR DERXW éíWK WR

èíWK GHJUHHV õWR VHYHUDO N+]ôñ DQG D GLVWRUWHG ZDYH

DERYH WKDW YDOXH JHQHUDOO\ DVVXPHV DQ LUUHJXODU

IRUP DQG PXVW WKHUHIRUH EH KDQGOHG DV QRLVHï

'LIIHUHQFHV EHWZHHQ 1RLVH DQG +DUPRQLFV RI DQ ,QYHUWHU DQG /HDNDJH &XUUHQW

,WHP 1RLVH +DUPRQLF /HDNDJH &XUUHQW

)UHTXHQF\ EDQG
+LJK IUHTXHQF\

õVHYHUDO ìíN+] WR 0+] RUGHUô

1RUPDOO\ éíWK WR èíWK GHJUHHV

õWR VHYHUDO N+]ô
õ6HYHUDO +] WR 0+] RUGHUô

6RXUFH ,QYHUWHU FLUFXLW &RQYHUWHU FLUFXLW ,QYHUWHU FLUFXLW

&DXVH 7UDQVLVWRU VZLWFKLQJ 5HFWLI\LQJ FLUFXLW FRPPXWDWLRQ 7UDQVLVWRU VZLWFKLQJ

*HQHUDWHG DPRXQW
'HSHQGV RQ YROWDJH YDULDWLRQ UDWLR

DQG VZLWFKLQJ IUHTXHQF\
'HSHQGV RQ FXUUHQW FDSDFLW\

'HSHQGV RQ VZLWFKLQJ IUHTXHQF\

DQG YROWDJH

3URSDJDWLRQ SDWK (OHFWULF FKDQQHOñ VSDFHñ LQGXFWLRQ (OHFWULF FKDQQHO ,QVXODWLQJ PDWHULDO

7UDQVPLVVLRQ DPRXQW 'LVWDQFHñ ZLULQJ URXWH /LQH LPSHGDQFH &DSDFLWDQFH

$IIHFWHG HTXLSPHQW

DQG LQIOXHQFH

6HQVRUñ HWFïã 0LVðGHWHFWLRQ

5DGLRñ ZLUHOHVV HTXLSPHQWã 1RLVH

3RZHU FDSDFLWRUã +HDW JHQHUDWLRQ

1RQðXWLOLW\ JHQHUDWRUã +HDW

JHQHUDWLRQ

(DUWK OHDNDJH FLUFXLW EUHDNHUã

8QQHFHVVDU\ RSHUDWLRQ

7KHUPDO UHOD\ã 8QQHFHVVDU\

RSHUDWLRQ

2XWSXW VLGH GHYLFHV

õHïJï &7ñ PHWHUôã +HDW JHQHUDWLRQ

0DLQ UHPHG\

H[DPSOHV

&KDQJH WKH ZLULQJ URXWHï

,QVWDOO D QRLVH ILOWHUï
,QVWDOO D UHDFWRUï

&KDQJH GHWHFWLRQ VHQVLWLYLW\ï

&KDQJH VZLWFKLQJ IUHTXHQF\ï

ëïèïë 3RZHU KDUPRQLFV DQG WKHLU UHGXFWLRQ WHFKQLTXHV

&RQVWLWXWHG E\ D SRZHU UHFWLILHUñ WKH FRQYHUWHU FLUFXLW

RI WKH WUDQVLVWRUL]HG LQYHUWHU JHQHUDWHV KDUPRQLFVñ

GLVWRUWLQJ WKH YROWDJH DQG FXUUHQW ZDYHIRUPV RI WKH

LQSXW SRZHU VXSSO\ï ,Q DGGLWLRQñ VLQFH WKH LQYHUWHU

FLUFXLW FRQWDLQV SRZHU VZLWFK GHYLFHV VXFK DV

WUDQVLVWRUVñ KDUPRQLFV DUH LQFOXGHG LQ WKH YROWDJH

DQG FXUUHQW RI WKH PRWRUñ UHVXOWLQJ LQ GLVWRUWHG

ZDYHIRUPVï 7KHVH KDUPRQLFV GR QRW SRVH D SUREOHP

LQ D VPDOOðFDSDFLW\ WUDQVLVWRUL]HG LQYHUWHUï +RZHYHUñ

LW LV QHFHVVDU\ WR KDYH D FRUUHFW XQGHUVWDQGLQJ RI

KDUPRQLFV DQG WDNH DSSURSULDWH PHDVXUHV DJDLQVW

WKHP ZKHQ XVLQJ HTXLSPHQW KDYLQJ D FRQYHUWHU

FLUFXLW LQ WKH SRZHU VXSSO\ FLUFXLWñ HïJï D ODUJHð

FDSDFLW\ LQYHUWHUñ PDQ\ LQYHUWHUVñ WK\ULVWRU OHRQDUGñ

WK\ULVWRU PRWRU RU &9&)ï

7KH -DSDQHVH KDUPRQLF VXSSUHVVLRQ JXLGHOLQHV

LVVXHG E\ WKH 0LQLVWU\ RI ,QWHUQDWLRQDO 7UDGH DQG

,QGXVWU\ LQ 6HSWHPEHU ìääé UHTXLUH WKDW WKH IROORZLQJ

WZR PDLQ SRLQWV VKRXOG EH FRQVLGHUHG DV KDUPRQLF

VXSSUHVVLRQ WHFKQLTXHVã

ìô $FWLRQV WDNHQ IRU IDXOWV GXH WR SRZHU KDUPRQLFV

õRYHUKHDWLQJ RI SRZHU FDSDFLWRUVñ QRQðXWLOLW\

JHQHUDWRUVñ HWFïô

ëô &OHDULQJ RI WKH -DSDQHVH KDUPRQLF VXSSUHVVLRQ

JXLGHOLQHV

7KH DFWLRQV WDNHQ WR DFKLHYH WKH DERYH WZR SRLQWV

DUH QRW DOZD\V WKH VDPHñ VR VSHFLILF DFWLRQV PXVW EH

WDNHQ DIWHU FODULI\LQJ WKHLU SXUSRVHVï
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õìô ,QIOXHQFH RQ DQG DFWLRQV WDNHQ IRU WKH SRZHU

VXSSO\ OLQH

7KH SRZHU VXSSO\ OLQH WR ZKLFK WKH LQYHUWHU LV

FRQQHFWHG LV FRQQHFWHG ZLWK SDUDOOHO ORDGV VXFK

DV D SRZHU FDSDFLWRU DQG D JHQHUDWRUñ DQG D

KDUPRQLF FXUUHQW JHQHUDWHG LQ WKH LQYHUWHU LV

GLYLGHG LQWR WKH SRZHU VXSSO\ OLQH DQG SDUDOOHO

ORDGV DFFRUGLQJ WR WKHLU LPSHGDQFHVï 7KH

LQIOXHQFH RI WKH KDUPRQLF FXUUHQW RQ WKH HOHFWULFDO

GHYLFHV DQG DFWLRQV WDNHQ DJDLQVW WKDW FXUUHQW ZLOO

EH GHVFULEHG EHORZï

ìô 3RZHU FDSDFLWRU

)RU WKH PD[LPXP ZRUNLQJ YROWDJHV DQG

PD[LPXP ZRUNLQJ FXUUHQWV RI SRZHU

FDSDFLWRUVñ -,6ð&éäíë õ+LJKðYROWDJH SRZHU

FDSDFLWRUVô DQG -,6ð&éäíì õ/RZðYROWDJH SRZHU

FDSDFLWRUVô VWLSXODWH WKHLU KDUPRQLF LPPXQLWLHVï

:KHQ SDUDOOHO UHVRQDQFH LV SURGXFHG E\

KDUPRQLFVñ DQ H[FHVVLYH FXUUHQW HQWHULQJ WKH

SRZHU FDSDFLWRU PD\ RYHUKHDW WKH FDSDFLWRU

DQG FDXVH GLHOHFWULF EUHDNGRZQï

2UGLQDULO\ñ WKH SRZHU VXSSO\ LPSHGDQFH LV RIWHQ

VPDOO HQRXJK õWKH SRZHU VXSSO\ FDSDFLW\ LV

ODUJHô DQG WKH SRZHU FDSDFLWRU UDUHO\ UHVXOWV LQ D

IDLOXUHï :KHQ D ORZðYROWDJH SRZHU FDSDFLWRU

VXVFHSWLEOH WR KDUPRQLFV LV XVHGñ LW LV UHFRPPð

HQGHG WR XVH WKH RQH ZLWK D çø VHULHV UHDFWRUï

$V LQGLFDWHG EHORZ LQ WKH VLQJOHðZLUH GLDJUDP

DQG LWV HTXLYDOHQW FLUFXLW ZKHUH WKH SRZHU

FDSDFLWRU LV FRQQHFWHG LQ SDUDOOHO ZLWK WKH

LQYHUWHUï 7KH KDUPRQLF FXUUHQW õ,Qô JHQHUDWHG

E\ WKH LQYHUWHU LV GLYLGHG LQWR D KDUPRQLF

FXUUHQW õ,VQô ZKLFK IORZV LQWR WKH SRZHU VXSSO\

DQG D KDUPRQLF FXUUHQW õ,FQô ZKLFK IORZV LQWR

WKH FDSDFLWRUï ,FQ LV IRXQG E\ WKH IROORZLQJ

H[SUHVVLRQã

,VQ ,Q

,FQ

;U

;F

;V

Q;V

,VQ

,Q

;F
Q

Q;U,FQ

3RZHU
VXSSO\

,QYHUWHU

,QYHUWHU

(TXLYDOHQW &LUFXLW 5HJDUGLQJ WKH ,QYHUWHU DV D

+DUPRQLF 9ROWDJH 6RXUFH

Q;V
,FQ  õ

Q;V ò Q;U ð ;FîQ
ô u ,Q

,FQ ã +DUPRQLF FXUUHQW IORZLQJ LQWR WKH FDSDFLWRU

;V ã 3RZHU VXSSO\ LPSHGDQFH

;U ã ,PSHGDQFH RI VHULHV UHDFWRU

;F ã ,PSHGDQFH RI SRZHU FDSDFLWRU

Q ã +DUPRQLF RUGHU

,I Q;V ò Q;U ð ;FîQ  í LQ WKH DERYH
H[SUHVVLRQñ UHVRQDQFH RFFXUV DQG D YHU\ ODUJH

FXUUHQW IORZV LQ WKH SRZHU FDSDFLWRUñ EXUQLQJ

WKH FDSDFLWRUï 7R SUHYHQW WKLVñ VXSSUHVV WKH

FDSDFLWRU FXUUHQW XVLQJ WKH VHULHV UHDFWRUñ RU

LQVHUW WKH SRZHUðIDFWRU FRUUHFWLQJ UHDFWRU LQ WKH

LQYHUWHU LQSXW FLUFXLW RU '& FLUFXLWñ WKHUHE\

UHGXFLQJ WKH KDUPRQLF FXUUHQW IURP WKH

LQYHUWHUï

1RWHã 7KH SRZHUðIDFWRU FRUUHFWLQJ FDSDFLWRU RU

VXUJH VXSSUHVVRU LQ WKH LQYHUWHU RXWSXW

FLUFXLW PD\ EH RYHUKHDWHG RU GDPDJHG E\

WKH KDUPRQLF FRPSRQHQWV RI WKH LQYHUWHU

RXWSXWï $OVRñ RYHUFXUUHQW SURWHFWLRQ LV

DFWLYDWHG E\ RYHUFXUUHQW IORZLQJ LQ WKH

LQYHUWHUï 7KHUHIRUHñ ZKHQ WKH PRWRU LV

GULYHQ IURP WKH LQYHUWHUñ GR QRW SURYLGH WKH

FDSDFLWRU RU VXUJH VXSSUHVVRU LQ WKH

LQYHUWHU RXWSXW FLUFXLWï 7R FRUUHFW WKH SRZHU

IDFWRUñ LQVHUW WKH SRZHUðIDFWRU FRUUHFWLQJ

UHDFWRU LQ WKH LQYHUWHU SULPDU\ RU '& FLUFXLWï

1)%

3RZHUðIDFWRU
FRUUHFWLQJ
'& UHDFWRU

3RZHUðIDFWRU
FRUUHFWLQJ
$& UHDFWRU

'R QRW SURYLGH D SRZHUð
IDFWRU FRUUHFWLQJ FDSDFLWRUï

,Q
YH
UW
HU

0RWRU

&RUUHFWLRQ RI ,QYHUWHU 3RZHU )DFWRU

7KH KDUPRQLF LPPXQLW\ RI WKH FDSDFLWRU LV

VSHFLILHG LQ WKH -,6 6WDQGDUGVñ HïJï WKH

HIIHFWLYH FXUUHQW LQFOXGLQJ WKH KDUPRQLF FXUUHQW

IRXQG E\ WKH DERYH H[SUHVVLRQ VKDOO EH ZLWKLQ

ìêíø RI WKH UDWHG FDSDFLWRU FXUUHQWñ DQG ZLWKLQ

ìëíø IRU WKH RQH ZLWK WKH VHULHV UHDFWRUï

õ)RU IXUWKHU LQIRUPDWLRQñ UHIHU WR WKH 7HFKQLFDO

1RWH 1Rï êïô
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ëô 6\QFKURQRXV JHQHUDWRU

:KHQ WKH SRZHU LV VXSSOLHG WR WKH LQYHUWHU E\

DQ HQJLQH JHQHUDWRU RU ZKHQ WKH LQYHUWHU LV

FRQQHFWHG WR D OLQH ZKHUH D V\QFKURQRXV

JHQHUDWRU LV UXQQLQJ LQ SDUDOOHO ZLWK WKH

FRPPHUFLDO SRZHU VXSSO\ñ D KDUPRQLF FXUUHQW

JHQHUDWHG E\ WKH LQYHUWHU LV GLYLGHG EHWZHHQ

WKH V\QFKURQRXV JHQHUDWRU DQG FRPPHUFLDO

SRZHU VXSSO\ OLQH DQG DQ LQGXFWLRQ FXUUHQW

GHYHORSV LQ WKH EUDNLQJ ZLQGLQJ DQG ILHOG

ZLQGLQJ RI WKH V\QFKURQRXV JHQHUDWRUï ,I WKH

LQGXFWLRQ FXUUHQW LV WRR ODUJHñ KHDW JHQHUDWHG

PD\ OHDG WR LQFUHDVHG ORVV õUHGXFHG RXWSXWôñ

RYHUKHDWñ VKRUWHU OLIH HWFï

$VVXPLQJ WKDW WKH ORVV FDXVHG E\ WKH KDUPRQLF

FXUUHQW LV HTXDO WR WKDW FDXVHG E\ D QHJDWLYH

SKDVHðVHTXHQFH FXUUHQWñ WKH LQIOXHQFH

UHVXOWLQJ IURP WKH KDUPRQLFV RI WKH

V\QFKURQRXV JHQHUDWRU VKRXOG EH VXFK WKDW WKH

HTXLYDOHQW QHJDWLYH SKDVHðVHTXHQFH FXUUHQW

FDXVHG E\ KDUPRQLFV LV WKH ìèø RU OHVV

SHUPLVVLEOH QHJDWLYH SKDVHðVHTXHQFH FXUUHQW

SURYLGHG IRU LQ -(0ìêèé õ'LHVHO (QJLQH 'ULYLQJ

/DQG 6\QFKURQRXV *HQHUDWRUVôï

(TXLYDOHQW QHJDWLYH SKDVHðVHTXHQFH FXUUHQW õ,ëôï

Q,ë  ¦ õ é

ë
,Qôë

,Q ã +DUPRQLF FXUUHQW

Q ã +DUPRQLF RUGHU

:KHQ D V\QFKURQRXV JHQHUDWRU LV XVHGñ ORVV

GXH WR WKH KDUPRQLF FXUUHQW LV ODUJHï ,I LW

H[FHHGV WKH SHUPLVVLEOH YDOXH RI WKH GDPSHU

ZLQGLQJñ D UDWHG SURGXFW VHYHUDO UDQNV KLJKHU

PXVW EH VHOHFWHG RU WKH RQH ZLWK ODUJH QHJDWLYH

SKDVHðVHTXHQFH LPPXQLW\ PXVW EH GHVLJQHGï

$OWHUQDWLYHO\ñ LQVHUWLRQ RI D UHDFWRU LQ WKH

LQYHUWHU LQSXW FLUFXLW RU '& FLUFXLW LV HIIHFWLYH WR

UHGXFH WKH KDUPRQLF FXUUHQWï

õ)RU PRUH LQIRUPDWLRQñ VHH 7HFKQLFDO 1RWH

1Rï éïô
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õëô-DSDQHVH KDUPRQLF VXSSUHVVLRQ JXLGHOLQHV DQG

WKHLU VXSSUHVVLRQ WHFKQLTXHV

ìô $SSOLFDWLRQ WR WKH JXLGHOLQHVï

7KHUH DUH WKH IROORZLQJ WZR KDUPRQLF VXSSUHð

VVLRQ JXLGHOLQHVã

$ô+DUPRQLF VXSSUHVVLRQ JXLGHOLQH IRU

KRXVHKROG DSSOLDQFHV DQG JHQHUDOðSXUSRVH

SURGXFWV

7KH XSSHU OLPLW RI WKH RXWJRLQJ KDUPRQLF

FXUUHQW LV GHWHUPLQHG SHU XQLWï

7KLV JXLGHOLQH DSSOLHV WR ëíí9 FODVV LQYHUWHUV

RI êïæN: DQG OHVV PRGHOV DQG WKH\ FDQ

FRPSO\ ZLWK WKH JXLGHOLQH ZKHQ XVHG ZLWK D

'& RU $& SRZHU IDFWRU LPSURYLQJ UHDFWRUï

%ô+DUPRQLF VXSSUHVVLRQ JXLGHOLQH IRU FRQVXPHUV

UHFHLYLQJ SRZHU RI KLJK YROWDJH RU VSHFLDOO\

KLJK YROWDJH

7KH XSSHU OLPLW RI WKH RXWJRLQJ KDUPRQLF FXUUHQW

SHU ìN: FRQWUDFW SRZHU LV GHWHUPLQHG IRU WKH

SRZHU UHFHLYLQJ SRLQW RI D FRQVXPHU ZKR

UHFHLYHV SRZHU RI KLJK YROWDJH RU VSHFLDOO\ KLJK

YROWDJHï

7KLV JXLGHOLQH DSSOLHV WR ëíí9 FODVV LQYHUWHUV RI

èïèN: DQG PRUH PRGHOV DQG éíí9 FODVV

PRGHOVï

1RWH WKDW ZKHWKHU WKH VXSSUHVVLRQ WHFKQLTXH LV

UHTXLUHG RU QRW GHSHQGV RQ ZKHWKHU WKH VXP RI

RXWJRLQJ KDUPRQLF FXUUHQW YDOXHV RI D

FRQVXPHU H[FHHGV WKH XSSHU OLPLW RI WKH

SHUPLVVLEOH RXWJRLQJ FXUUHQW GHWHUPLQHG E\ WKH

FRQWUDFW SRZHUï

ëô +RZ WR MXGJH ZKHWKHU KDUPRQLF VXSSUHVVLRQ

WHFKQLTXH LV UHTXLUHG RU QRW DW WKH FRQVXPHU

ZKR UHFHLYHV SRZHU RI KLJK YROWDJH RU

HVSHFLDOO\ KLJK YROWDJHï

:KHQ XSGDWLQJ WKH FRQWUDFW SRZHUñ D FRQVXPHU LV

UHTXHVWHG WR SUHVHQW D FDOFXODWLRQ VKHHW LQ WKH

IRUPDW DV VKRZQ LQ SDJH ëëéï

&DOFXODWLRQ XVLQJ WKH SUHGHWHUPLQHG SURFHGXUH

FODULILHV ZKHWKHU WKH VXSSUHVVLRQ WHFKQLTXH LV

UHTXLUHG RU QRWï $ VSHFLILF SURFHGXUH ZLOO EH

GHVFULEHG EHORZï

õDô&DOFXODWLRQ RI UDWHG FDSDFLW\ >N9$@

8VHG WR FDOFXODWH WKH çðSXOVH HTXLYDOHQW

FDSDFLW\ WR MXGJH ZKHWKHU WKH LQYHUWHU LV

FRYHUHG E\ WKH áKDUPRQLF VXSSUHVVLRQ

JXLGHOLQH IRU FRQVXPHUV UHFHLYLQJ SRZHU RI

KLJK YROWDJH RU VSHFLDOO\ KLJK YROWDJH!ï

,QGHSHQGHQWO\ RI ZKHWKHU WKH LQYHUWHU KDV D

UHDFWRU RU QRWñ WKH UDWHG FDSDFLW\ >N9$@ LV

VWDQGDUGL]HG DFFRUGLQJ WR WKH PRWRU

FDSDFLW\ DQG IRXQG E\ WKH IROORZLQJ IRUPXODã

z 5DWHG FDSDFLW\

 ê u 9 u IXQGDPHQWDO ZDYH FXUUHQW
u FRHIILFLHQW u ìíðê >N9$@
9ã ëíí9 RU éíí9 õLQSXW YROWDJHô

)XQGDPHQWDO ZDYH FXUUHQWã

6HH WKH WDEOH RQ WKH IROORZLQJ SDJHï

&RHIILFLHQWã ìïíëëå

5HIHU WR WKH WDEOH IRU VSHFLILF FDOFXODWLRQ

UHVXOWVï

�7KH DERYH UDWHG FDSDFLW\ LV D YDOXH XVHG WR

MXGJH ZKHWKHU WKH LQYHUWHU LV FRYHUHG E\ WKH

KDUPRQLF JXLGHOLQHï 7KHUHIRUHñ QRWH WKDW WKH\

DUH GLIIHUHQW IURP FDSDFLWLHV RI SRZHU VXSSO\

HTXLSPHQW õVXFK DV SRZHU WUDQVIRUPHUVô

UHTXLUHG IRU XVH RI DFWXDO LQYHUWHUVï

7KH SRZHU VXSSO\ HTXLSPHQW FDSDFLW\ï

UHTXLUHG LV ìïê WR ìïç WLPHV JUHDWHU WKDQ WKH

DERYH UDWHG FDSDFLW\ õIRU VSHFLILF YDOXHVñ

UHIHU WR WKH LQYHUWHU FDWDORJôï

õEô&DOFXODWLRQ RI çðSXOVH HTXLYDOHQW FDSDFLW\

z çðSXOVH HTXLYDOHQW FDSDFLW\

 UDWHG FDSDFLW\ u FRQYHUVLRQ FRHIILFLHQW õ.Lô
>N9$@

ZKHUHñ FRQYHUVLRQ FRHIILFLHQW õ.Lô LV DV

IROORZVã

x :LWKRXW UHDFWRU ã êïé

x :LWK $& UHDFWRU ã ìïå

x :LWK '& UHDFWRU ã ìïå

x :LWK $& DQG '& UHDFWRUV ã ìïé

,I WKH HTXLYDOHQW FDSDFLW\ LV OHVV WKDQ

èí>N9$@ õ1RWHô DW WKH UHFHLYHG SRZHU RI

çïçN9ñ WKH LQYHUWHU LV QRW FRYHUHG E\ WKH

JXLGHOLQH DQG WKH FDOFXODWLRQ RI WKH RXWJRLQJ

KDUPRQLF FXUUHQW õKDUPRQLF VXSSUHVVLRQ

WHFKQLTXHô LV QRW UHTXLUHGï õ1RWHã 'HSHQGLQJ

RQ WKH UHFHLYHG SRZHU YROWDJHïô
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(c) Conversion of received power voltage into
rated current.
l Rated current converted from received

power voltage
= fundamental wave current symbol 180 \f

"Symbol" \s 10× (200V or
400V/received power voltage) [A]

(d)Calculation of outgoing harmonic current of
each degree.
l Outgoing harmonic current

= rated current converted from received
power voltage × operation ratio ×
harmonic content [A]

Note that the harmonic content is as listed
below.

Fundamental Wave Currents and Rated
Capacities of Inverters

Fundamental Wave

Current [A]
Motor

Capacity

[kW] 200V 400V

Rated

Capacity

[kVA]

0.4 1.61 0.81 0.57

0.75 2.74 1.37 0.97

1.5 5.50 2.75 1.95

2.2 7.93 3.96 2.81

3.7 13.0 6.5 4.61

5.5 19.1 9.55 6.77

7.5 25.6 12.8 9.07

11 36.9 18.5 13.1

15 49.8 24.9 17.6

18.5 61.4 30.7 21.8

22 73.1 36.6 25.9

30 98.0 49.0 34.7

37 121 60.4 42.8

45 147 73.5 52.1

55 180 89.9 63.7

Harmonic Current Generating Amount with Individual Devices
(Excerpt of appended document to the guideline)

(Unit: %)

Degree

Circuit components
5th 7th 11th 13th 17th 19th 23rd 25th

Without reactor 65 41 8.5 7.7 4.3 3.1 2.6 1.8

With reactor (AC side) 38 14.5 7.4 3.4 3.2 1.9 1.7 1.3

With reactor (DC side) 30 13 8.4 5.0 4.7 3.2 3.0 2.2

Three-phase bridge

(capacitor smoothed)

With reactor (AC, DC sides) 28 9.1 7.2 4.1 3.2 2.4 1.6 1.4

3) Specific calculation example.
When a 30kW 400V motor is driven by the
FR-A540-30K inverter
l Fundamental wave current of the motor is

49.0A.
l Rated capacity

=   3 × V × fundamental wave current
 × conversion coefficient × 10−3

=   3 × 400 × 49.0 × 1.0228 × 10−3 = 34.7
[kVA]

l 6-pulse equivalent capacity
= rated capacity × conversion coefficient (Ki)
= 34.7 × 3.4 = 118 [kVA]
Since this value exceeds 50 [kVA], the
inverter is covered by the guideline.

Hence, find the outgoing harmonic current in
the following procedure:

l Rated current converted from received power
voltage
= fundamental wave current

 × (400V/received power voltage)
= 49.0 × 400/6600 = 2.97 [A]

l Outgoing harmonic current
= rated current converted from received

power voltage × operation ratio ×
harmonic content [A]

It is derived from the following table.
Assume that the operation ratio is 50%.

Degree 5th 7th 11th 13th 17th 19th 23rd 25th

Outgoing current [mA] 965 609 126 114 63.9 46.0 38.6 26.7

Maximum outgoing current value

[mA/kW]
3.5 2.5 1.6 1.3 1.0 0.9 0.76 0.70

If the contract power is less than 982/3.5 = 276kW, harmonic suppression techniques are required.
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éô +DUPRQLF VXSSUHVVLRQ WHFKQLTXHV

õDô5HDFWRUV IRU LQYHUWHU õ$&/ñ '&/ô

&RQQHFW DQ $& UHDFWRU õ$&/ô LQ WKH SRZHU

VXSSO\ VLGH RI WKH LQYHUWHU RU D '& UHDFWRU

õ'&/ô LQ LWV '& VLGH RU ERWK WR VXSSUHVV

KDUPRQLF FXUUHQWVï

*HQHUDOO\ñ LQVWDOODWLRQ RI WKH UHDFWRU LQ RQO\

RQH VLGH RI WKH LQYHUWHU RIWHQ SURGXFHV DQ

LQVXIILFLHQW VXSSUHVVLRQ HIIHFWï

õEô3RZHU IDFWRU LPSURYLQJ FDSDFLWRU

:KHQ XVHG ZLWK D VHULHV UHDFWRUñ WKH SRZHU

IDFWRU LPSURYLQJ FDSDFLWRU KDV DQ HIIHFW RI

DEVRUELQJ KDUPRQLF FXUUHQWVï

7KLV FDSDFLWRU PD\ EH LQVWDOOHG LQ HLWKHU D

KLJK RU ORZ YROWDJH VLGHï

õFô 7UDQVIRUPHU PXOWLðSKDVH RSHUDWLRQ

:KHQ WZR WUDQVIRUPHUV DUH XVHGñ

FRQQHFWLQJ WKHP ZLWK D SKDVH DQJOH

GLIIHUHQFH RI êíq DV LQ ð 'ñ 'ð '
FRPELQDWLRQ ZLOO SURGXFH DQ HIIHFW

FRUUHVSRQGLQJ WR ìë SXOVHVï

,Q WKLV FDVHñ LW LV LGHDO WKDW WKH KDUPRQLF

JHQHUDWLQJ HTXLSPHQW RI WKH ORDG RI HDFK

WUDQVIRUPHU LV WKH VDPH LQ PRGHO DQG

FDSDFLW\ï ,I WKH FDSDFLW\ GLIIHUVñ KRZHYHUñ D

ìëðSXOVH HIIHFW IRU VPDOOHUðFDSDFLW\

HTXLSPHQW FDQ EH H[SHFWHGï 7KHUHIRUHñ WKH

FRQYHUVLRQ FRHIILFLHQW IRU çðSXOVH UHIHUHQFH

LV KDOYHGï

õGô$& ILOWHU

$ FDSDFLWRU DQG D UHDFWRU DUH XVHG WRJHWKHU

WR UHGXFH LPSHGDQFH IRU D VSHFLILF

IUHTXHQF\ñ SURGXFLQJ D JUHDW HIIHFW RI

DEVRUELQJ KDUPRQLF FXUUHQWVï

7KH $& ILOWHU H[KLELWV DQ HIIHFW RQ D VSHFLILF

IUHTXHQF\ï :KHQ WKHUH LV PRUH WKDQ RQH

KDUPRQLF FXUUHQW GHJUHHñ WKH $& ILOWHU PXVW

EH LQVWDOOHG IRU HDFK GHJUHHï

õHô$FWLYH ILOWHU

7KLV ILOWHU GHWHFWV WKH FXUUHQW RI D FLUFXLW

JHQHUDWLQJ D KDUPRQLF FXUUHQW DQG

JHQHUDWHV D KDUPRQLF FXUUHQW HTXLYDOHQW WR

WKH GLIIHUHQFH EHWZHHQ WKDW FXUUHQW DQG WKH

IXQGDPHQWDO ZDYH FXUUHQW WR VXSSUHVV WKH

KDUPRQLF FXUUHQW DW WKH GHWHFWLRQ SRLQWï

$V WKLV ILOWHU FRPSHQVDWHV IRU D ZKROH

ZDYHIRUPñ D VLQJOH ILOWHU FDQ SURYLGH HIIHFWV

RQ PRUH WKDQ RQH GHJUHH RI KDUPRQLFï

7KH ILOWHU KDV D SURWHFWLYH IXQFWLRQï

7KHUHIRUHñ LI WKHUH LV DQ LQFRPLQJ H[FHVVLYH

KDUPRQLF FXUUHQWñ WKH ILOWHU PD\ EH VKRUW RI

WKH KDUPRQLF FXUUHQW DEVRUELQJ HIIHFW

õLï Hï QRW SHUIRUP DV JRRGô EXW ZLOO QRW

RYHUKHDW RU EXUQ RXWï

7R XWLOL]H WKH SHUIRUPDQFH RI WKH DFWLYH ILOWHU

HIIHFWLYHO\ñ FLUFXLW FRQGLWLRQV DQG RWKHUV

PXVW EH H[DPLQHG EHIRUH LQVWDOOLQJ WKH

DFWLYH ILOWHUï
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2YHUYLHZ RI WKH *XLGHOLQH õ([FHUSWô

+$5021,& 68335(66,21 *8,'(/,1(

)25 &21680(56 5(&(,9,1* 32:(5 2) +,*+ 92/7$*( 25 63(&,$//< +,*+ 92/7$*(

ìï 385326(
7KLV JXLGHOLQH VHWV IRUWK WHFKQRORJLFDO UHTXLUHPHQWV WR VXSSUHVV KDUPRQLF FXUUHQWV JHQHUDWHG ZKHQ HOHFWULF HTXLSPHQW DUH XVHG E\
FRQVXPHUV ZKR UHFHLYH SRZHU RI KLJK YROWDJH RU VSHFLDOO\ KLJK YROWDJH õKHUHLQDIWHU UHIHUUHG WR DV WKH ûVSHFLILF FRQVXPHUVûô IURP
FRPPHUFLDO SRZHU V\VWHPV õKHUHLQDIWHU UHIHUUHG WR DV WKH ûV\VWHPVûôñ DIWHU REVHUYLQJ WKH WHFKQRORJLFDO VWDQGDUGV LQ DFFRUGDQFH ZLWK
WKH (OHFWULFLW\ (QWHUSULVHV $FW DQG WDNLQJ LQWR DFFRXQW WKH KDUPRQLF HQYLURQPHQW WDUJHW OHYHOV RI WKH V\VWHPVï

ëï 6&23(

õìô 7KLV JXLGHOLQH DSSOLHV WR WKH VSHFLILF FRQVXPHUV ZKRVH VXP RI ûHTXLYDOHQW FDSDFLWLHVû RI KDUPRQLF JHQHUDWLQJ HTXLSPHQW IDOOV

ZLWKLQ HLWKHU RI WKH IROORZLQJã

ìô &RQVXPHUV ZKR UHFHLYH SRZHU IURP KLJK YROWDJH V\VWHPV

çïçN9 V\VWHP ã èíN9$ RU PRUH

ëô &RQVXPHUV ZKR UHFHLYH SRZHU IURP VSHFLDOO\ KLJK YROWDJH V\VWHPV

ëëN9 RU êêN9 ã êííN9$ RU PRUH

ççN9 RU PRUH V\VWHP ã ëíííN9$ RU PRUH

õëô (TXLSPHQW FRYHUHG E\ õìô VKDOO EH DOO KDUPRQLF JHQHUDWLQJ HTXLSPHQW ZLWK WKH H[FHSWLRQ RI WKH HTXLSPHQW FRYHUHG E\ WKH

ûKDUPRQLF VXSSUHVVLRQ JXLGHOLQH IRU KRXVHKROG DSSOLDQFHV DQG JHQHUDOðSXUSRVH SURGXFWVûï

õêô $Q\ QHZ KDUPRQLF JHQHUDWLQJ HTXLSPHQW LQVWDOOHG RU DGGHGîUHQHZHG LV FRYHUHG E\ WKLV JXLGHOLQH ZKHQ WKH VXP RI HTXLYDOHQW

FDSDFLWLHV IDOO ZLWKLQ WKH YDOXH LQGLFDWHG DERYH LQ õìô DIWHU LQVWDOODWLRQñ DGGLWLRQ RU UHQHZDOï

êï 68335(66,21 2) +$5021,& &855(176

7KH PD[LPXP RXWJRLQJ KDUPRQLF FXUUHQW YDOXHV DW D VSHFLILF FRQVXPHUöV UHFHLYLQJ SRLQW VKDOO EH YDOXHV IRXQG E\ PXOWLSO\LQJ WKH

PD[LPXP RXWJRLQJ KDUPRQLF FXUUHQW YDOXHV SHU ìN: RI FRQWUDFW SRZHU LQGLFDWHG LQ 7DEOH êïì E\ WKH FRQWUDFW SRZHU RI WKH

FRUUHVSRQGLQJ FRQVXPHUï ,I DQ\ RI WKHVH YDOXHV LV H[FHHGHGñ WKH QHFHVVDU\ VWHS PXVW EH WDNHQï

éï &$/&8/$7,21 2) 287*2,1* +$5021,& &855(176

2XWJRLQJ KDUPRQLF FXUUHQWV DW D UHFHLYLQJ SRLQW VKDOO EH DV IROORZVã

õìô 2QO\ WKH PDJQLWXGH RI DQ RXWJRLQJ KDUPRQLF FXUUHQW LV FDOFXODWHG DQG WKH éíWK RU OHVV GHJUHHV VKDOO EH FRYHUHG E\ WKLV

JXLGHOLQHï

õëô $Q RXWJRLQJ KDUPRQLF FXUUHQW DW D UHFHLYLQJ SRLQW LV IRXQG E\ VXPPLQJ XS KDUPRQLF FXUUHQWV JHQHUDWHG LQ WKH UDWHG RSHUDWLQJ

VWDWXV RI LQGLYLGXDO KDUPRQLF JHQHUDWLQJ HTXLSPHQW DQG PXOWLSO\LQJ WKH VXP E\ WKH PD[LPXP RSHUDWLRQ UDWLR RI WKH KDUPRQLF

JHQHUDWLQJ HTXLSPHQWï

,I WKH FRQVXPHU KDV D IDFLOLW\ WR UHGXFH KDUPRQLF FXUUHQWVñ LWV HIIHFW PD\ EH WDNHQ LQWR FRQVLGHUDWLRQï

èï 27+(5 5()(5(1&(6

õìô &RQWUDFW SRZHU

,I WKH ûFRQWUDFW SRZHUû LV QRW GHWHUPLQHG DW WKH SRLQW RI D FRQVXPSWLRQ FRQWUDFW EHWZHHQ DQ HOHFWULF SRZHU FRPSDQ\ DQG D

FRQVXPHU RU PRUH WKDQ RQH FRQVXPHU DQG ZLOO EH GHWHUPLQHG ODWHUñ WKH FRQWUDFW SRZHU VKDOO EH DV GHILQHG EHORZã

ìô 7KH FRQWUDFW IDFLOLW\ SRZHU DSSOLHV WR FRQVXPHUV WR ZKRP WKH ûUHDO DPRXQW V\VWHPû RI WKH LQGXVWULDO SRZHU RI KLJKðYROWDJH

SRZHU $ RU OHVV WKDQ èíí: FRQWDFW SRZHU LV DSSOLHGï

ëô :KHQ WKHUH DUH PRUH WKDQ RQH FRQWUDFW SRZHU VXFK DV WLPH ]RQHðEDVHG UHJXODWLRQ FRQWUDFWñ WKH ODUJHVW FRQWUDFW SRZHU DSSOLHV

DPRQJ WKH FRQWUDFW SRZHUVï

õëô 0D[LPXP RSHUDWLRQ UDWLR RI KDUPRQLF JHQHUDWLQJ HTXLSPHQW

7KH ûPD[LPXP RSHUDWLRQ UDWLR RI KDUPRQLF JHQHUDWLQJ HTXLSPHQWû LQGLFDWHV WKH UDWLR RI WKH PD[LPXP DFWXDO RSHUDWLRQ FDSDFLW\

õDYHUDJH GXULQJ êí PLQXWHVô WR WKH VXP RI FDSDFLWLHV RI WKH KDUPRQLF JHQHUDWLQJ HTXLSPHQWï

0D[LPXP 2XWJRLQJ +DUPRQLF &XUUHQW 9DOXHV SHU ìN: &RQWUDFW 3RZHU

õ8QLWã P$îN:ô

5HFHLYHG 3RZHU 9ROWDJH èWK æWK ììWK ìêWK ìæWK ìäWK ëêUG 2YHU ëêUG

çïçN9 êïè ëïè ìïç ìïê ìïí íïä íïæç íïæí

ëë ìïå ìïê íïåë íïçä íïèê íïéæ íïêä íïêç

êê ìïë íïåç íïèè íïéç íïêè íïêë íïëç íïëé

çç íïèä íïéë íïëæ íïëê íïìæ íïìç íïìê íïìë

ææ íïèí íïêç íïëê íïìä íïìè íïìê íïìì íïìí

ììí íïêè íïëè íïìç íïìê íïìí íïíä íïíæ íïíæ

ìèé íïëè íïìå íïìì íïíä íïíæ íïíç íïíè íïíè

ëëí íïìæ íïìë íïíå íïíç íïíè íïíé íïíê íïíê

ëæè íïìé íïìí íïíç íïíè íïíé íïíê íïíê íïíë
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&DOFXODWLRQ VKHHW IRU RXWJRLQJ KDUPRQLF FXUUHQWV IURP KDUPRQLF JHQHUDWLQJ HTXLSPHQW õ3DUW ìô

á(QWU\ 0HWKRG!
6WHS ì
�&RPSOHWH WKH KDUPRQLF JHQHUDWLQJ HTXLSPHQW SDUWLFXODUVï (QWHU WKH FLUFXLW FODVV QXPEHUñ HWFï DFFRUGLQJ WR
GDWDï

�)RU WKH HTXLSPHQW ZKRVH FLUFXLW FODVV QXPEHU LV ìíñ FRPSOHWH WKH DSSOLFDWLRQ á)RUPDW ê!ï
� ,I 3R ! èíN9$ õçN9 SRZHU UHFHLYHGôñ êííN9$ õëëñ êêN9 SRZHU UHFHLYHGô RU ëíííN9$ õççN9 RU PRUH SRZHU
UHFHLYHGôñ SURFHHG WR 6WHS ëï õ,I QRWñ 6WHS ë QHHG QRW EH FRPSOHWHGïô

6WHS ë
� :KHQ RXWJRLQJ FXUUHQW ! PD[LPXP RXWJRLQJ FXUUHQW YDOXH IRU HDFK GHJUHHã
{ ,I WKHUH LV LQðSODQW KDUPRQLF UHGXFWLRQ HTXLSPHQW RU VXSSUHVVLRQ WHFKQLTXH KDV EHHQ FDUULHG RXWñ SURFHHG WR &DOFXODWLRQ 6KHHW õ3DUW ëôï
{ ,I QRWñ VHSDUDWH VXSSUHVVLRQ WHFKQLTXH ZLOO EH UHTXLUHGï

çð3XOVH
(TXLYDOHQW
&DSDFLW\
>.Lu3L@
õN9$ô

çð3XOVH
&RQYHUð
VLRQ
)DFWRU
.L

&LUFXLW
&ODVV
1Rï

7RWDO
&DSDFLW\

3L
õN9$ô

4W\

5DWHG
&DSDFLW\

õN9$ô0RGHO0DQXIDFWXUHU(TXLSPHQW QDPH1Rï

+DUPRQLF *HQHUDWLQJ (TXLSPHQW

67(3 ì +$5021,& *(1(5$7,1* (48,30(17 3$57,&8/$56 67(3 ë *(1(5$7(' +$5021,& &855(17 &$/&8/$7,21

5DWHG &XUUHQW 9DOXH
&RQYHUWHG IURP
5HFHLYHG 3RZHU
9ROWDJH
>Du3L@

õP$ô

0D[ï
(TXLSPHQW
2SHUDWLRQ
5DWLR
õøô

èWK æWK ììWK ìêWK ìæWK ìäWK ëêWK ëèWK

2XWJRLQJ +DUPRQLF &XUUHQW E\ 'HJUHHV õP$ô

ì

ë

ê

é

è

ç

æ

å

ä

ìí

ìì

ìë

ìê

ìé

ìè

6XP RI çðSXOVH HTXLYDOHQW FDSDFLWLHV 3R 7RWDO

-XGJPHQW RI WHFKQLTXH
UHTXLUHPHQW

&XVWRPHU 1DPH
%XVLQHVV
&DWHJRU\

5HFHLYHG
3RZHU 9ROWDJH

N9
&RQWUDFW
3RZHU

N9
'DWH RI

$FFHSWDQFH

$SSOLFDWLRQ 1Rï

'DWH RI
$SSOLFDWLRQ

á)RUPDW ì!

èWK æWK ììWK ìêWK ìæWK ìäWK ëêWK ëèWK'HJUHH

0D[LPXP FXUUHQW YDOXH õP$ô

0D[LPXP 2XWJRLQJ +DUPRQLF &XUUHQW 9DOXH
õ0D[LPXP RXWJRLQJ KDUPRQLF YDOXH SHU N: FRQWUDFW u FRQWUDFW SRZHUô

&DOFXODWLRQ VKHHW IRU RXWJRLQJ KDUPRQLF FXUUHQWV IURP KDUPRQLF JHQHUDWLQJ HTXLSPHQW õ3DUW ëô

&XVWRPHU 1DPH
%XVLQHVV
&DWHJRU\

5HFHLYHG
3RZHU 9ROWDJH

N9
&RQWUDFW
3RZHU

N9
'DWH RI

$FFHSWDQFH

$SSOLFDWLRQ 1Rï

'DWH RI
$SSOLFDWLRQ

á)RUPDW ë!

èWK æWK ììWK ìêWK ìæWK ìäWK ëêWK ëèWK'HJUHH

-XGJPHQW RI VXSSUHVVLRQ WHFKQLTXH UHTXLUHPHQW

0D[LPXP RXWJRLQJ KDUPRQLF FXUUHQW YDOXH õP$ô

2XWJRLQJ KDUPRQLF FXUUHQW DIWHU
FRQVLGHUDWLRQ RI UHGXFWLRQ HIIHFW õP$ô

2XWJRLQJ KDUPRQLF FXUUHQW LQ
FDOFXODWLRQ VKHHW õSDUW ìô õP$ô

,Qð3ODQW 6LQJOHð:LUH &RQQHFWLRQ 'LDJUDP 'HWDLOHG &DOFXODWLRQ RI 2XWJRLQJ +DUPRQLF &XUUHQWV
6SHFLI\ WKH LQVWDOODWLRQ SRVLWLRQñ VSHFLILFDWLRQVñ HOHFWULFDO FRQVWDQWVñ HWFï RI
KDUPRQLF JHQHUDWLQJ HTXLSPHQWñ SRZHU UHFHLYLQJ WUDQVIRUPHUVñ DQG
HTXLSPHQW DQG WKH OLNH ZKLFK UHGXFH õEUDQFKô KDUPRQLF FXUUHQWVï

,Q FRQVLGHUDWLRQ RI HTXLSPHQW IRU KDUPRQLF FXUUHQW UHGXFWLRQ DQG D
VXSSUHVVLRQ HIIHFW E\ EUDQFKLQJñ VSHFLILFDOO\ GHVFULEH WKH SURFHVV RI
FDOFXODWLQJ RXWJRLQJ KDUPRQLF FXUUHQWV DW WKH SRZHU UHFHLYLQJ SRLQWï

ó1RWHã :KHQ LW LV GLIILFXOW WR FRPSOHWH WKH LQðSODQW VLQJOHðZLUH FRQQHFWLRQ GLDJUDP DQG WKH GHWDLOHG FDOFXODWLRQ RI RXWJRLQJ KDUPRQLF FXUUHQWV LQ WKLV IRUPDWñ VHSDUDWH GDWD PD\ EH DSSHQGHG DV H[SODQDWRU\ LQIRUPDWLRQï

á-XGJPHQW RI VXSSUHVVLRQ WHFKQLTXH UHTXLUHPHQW!
� ,I õRXWJRLQJ KDUPRQLF FXUUHQW DIWHU FRQVLGHUDWLRQ RI UHGXFWLRQ HIIHFWô ! õPD[LPXP RXWJRLQJ KDUPRQLF FXUUHQW YDOXHô IRU HDFK GHJUHHñ DQ DGGLWLRQDO V XSSUHVVLRQ WHFKQLTXH ZLOO EH UHTXLUHGï



6(/(&7,21

ëëè

ëïèïê ,QYHUWHUðJHQHUDWHG QRLVH DQG PHDVXUHV DJDLQVW QRLVH

1RLVH JHQHUDWHG E\ WKH LQYHUWHU LV ODUJHO\ FODVVLILHG

LQWR QRLVH UDGLDWHG E\ FDEOHV FRQQHFWHG WR WKH

LQYHUWHU DQG LWV PDLQ FLUFXLW õLQSXWñ RXWSXWôñ PDJQHWLF

DQG VWDWLF LQGXFWLRQ QRLVH DIIHFWLQJ SHULSKHUDO GHYLFH

VLJQDO OLQHV URXWHG QHDU WKH PDLQ FLUFXLW FDEOH DQG

HOHFWULF SDWK SURSDJDWLRQ QRLVH WUDQVPLWWHG RYHU WKH

SRZHU VXSSO\ SDWK OLQHï

7KH QRLVH W\SHV DQG WKHLU SDWKV DUH VKRZQ EHORZï

,QIOXHQFHV JLYHQ WR WKH SHULSKHUDO GHYLFHV E\ KLJKð

IUHTXHQF\ QRLVH RI WKH LQYHUWHU LQFOXGH WKH

PDOIXQFWLRQV RI FRPSXWHUV LQVWUXPHQWDWLRQ

HTXLSPHQWñ HOHFWURQLF HTXLSPHQW HWFï PDLQO\ FDXVHG

E\ LQGXFWLRQ QRLVH DQG WKH PDOIXQFWLRQV RI UDGLRV

DQG SUR[LPLW\ VZLWFKHV FKLHIO\ FDXVHG E\ UDGLDWLRQ

QRLVHï

)RU GHWDLOV RI QRLVH UHGXFWLRQ WHFKQLTXHVñ UHIHU WR WKH

7HFKQLFDO 1RWH 1Rï ëì á1RLVH DQG OHDNDJH

FXUUHQWV!ï

$LUðSURSDJDWHG
QRLVH

0DJQHWLF LQGXFWLRQ
QRLVH

6WDWLF LQGXFWLRQ
QRLVH

&DEOHðSURSDJDWHG
QRLVH

1RLVH GLUHFWO\ UDGLð
DWHG E\ LQYHUWHU

1RLVH UDGLDWHG E\
SRZHU FDEOHV

1RLVH UDGLDWHG E\
PRWRU FDEOHV

1RLVH SURSDJDWHG
WKURXJK SRZHU
FDEOHV

1RLVH IURP JURXQG
FDEOH GXH WR
OHDNDJH FXUUHQW

xxx 3DWK éôñèô

xxx 3DWK çô

xxx 3DWK ìô

xxx 3DWK ëô

xxx 3DWK êô

xxx 3DWK æô

xxx 3DWK åô

,QYHUWHUðJHQHUDWHG
QRLVH

7\SHV RI 1RLVHV *HQHUDWHG

,0

,QVWUXPHQW 5HFHLYHU
,QYHUWHU

7HOHSKRQHèô

æô
ëô

æô

ìô

êô

éô
çô ìô WR êô

êô

åô

6HQVRU SRZHU
VXSSO\

0RWRU
6HQVRU

1RLVH 3DWKV
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õìô1RLVH WR HOHFWURQLF HTXLSPHQW

1RLVH WR HOHFWURQLF GHYLFHV LQFOXGH WKRVH

WUDQVPLWWHG GLUHFWO\ RYHU WKH SRZHU VXSSO\ OLQH

DQG JURXQG FDEOH RI WKH LQYHUWHU õSDWKV æ DQG å LQ

WKH ILJXUH RQ WKH SUHFHGLQJ SDJHô DQG WKRVH

WUDQVPLWWHG ZKHUH WKH LQYHUWHU SRZHU OLQH DQG

HOHFWURQLF HTXLSPHQW VLJQDO OLQH DUH FRXSOHG E\

HOHFWURPDJQHWLF LQGXFWLRQ õSDWKV é DQG è LQ WKH

ILJXUH RQ WKH SUHFHGLQJ SDJHô RU HOHFWURVWDWLF

LQGXFWLRQ õSDWK ç LQ WKH ILJXUH RQ WKH SUHFHGLQJ

SDJHôï

7KH SRZHU VXSSO\ OLQH RI WKH HOHFWURQLF GHYLFHV

VKRXOG EH GLIIHUHQW IURP WKH SRZHU OLQH ZKHUH WKH

LQYHUWHU LV FRQQHFWHGñ SURWHFWHG IURP QRLVH

LQFRPLQJ IURP WKH SRZHU VXSSO\ OLQH E\ D

FRQVWDQWðYROWDJH SRZHU VXSSO\ñ LQVXODWLQJ

WUDQVIRUPHUñ ILOWHUV HWFï DQG VHSDUDWHG IURP WKH

ZLULQJ URXWHï 7KH ,î2 FDEOHV WR DQG IURP WKH

HOHFWURQLF GHYLFHV VKRXOG EH VHSDUDWHG IURP WKH

LQYHUWHU SRZHU FDEOHVï %DVLFDOO\ñ NHHS WKH

HOHFWURQLF HTXLSPHQW ,î2 FDEOHV DV IDU DZD\ DV

SRVVLEOH IURP FDEOHV ZKLFK PXVW QRW EH VXEMHFWHG

WR QRLVHñ RU UXQ WKHP LQ VHSDUDWH LURQ VKLHOGV

õRUGLQDULO\ñ LURQ GXFWV RU PHWDO SLSHV ZKLFK VKRXOG

EH JURXQGHGô WR PLQLPL]H HOHFWURPDJQHWLF

LQGXFWLRQ DQG SUHYHQW D IDLOXUHï 7KH EHVW ZD\ RI

JURXQGLQJ WKH GHYLFHV LV LQGHSHQGHQW JURXQGLQJ

DQG WKH LQYHUWHU DQG HOHFWURQLF HTXLSPHQW PXVW

QRW EH JURXQGHG MRLQWO\ï

(VSHFLDOO\ DV D FRXQWHUPHDVXUH DJDLQVW QRLVHñ

UXQ WKH FDEOHV LQ WKH VKRUWHVW GLVWDQFH DQG WZLVW

WKHPï $OVRñ JURXQGLQJ VKRXOG EH FDUULHG RXW

VHFXUHO\ XVLQJ D ODUJHðGLDPHWHU FDEOH RYHU WKH

VKRUWHVW GLVWDQFHï

õëô5DGLR QRLVH

:KHQ WKH PRWRU LV GULYHQ IURP WKH LQYHUWHUñ KLJKð

IUHTXHQF\ QRLVH LV UDGLDWHG WR WKH DLU IURP WKH

LQYHUWHUï /LNH UDGLRðZDYH QRLVHñ WKLV QRLVH KDV D

JUHDW LQIOXHQFH RQ WKH IUHTXHQF\ EDQG RI OHVV WKDQ

ìí0+] DQG PD\ JHQHUDWH QRLVH ZKHQ HQWHULQJ

LQWR D UDGLR UHFHLYHUï 7KH UDGLR QRLVH VXSSUHVVLQJ

PHWKRGVñ UDGLR QRLVH SURSDJDWLRQ SDWKV DQG

PHDVXUHPHQW PHWKRGV DUH JLYHQ EHORZï

ìô 1RLVH SURSDJDWLRQ SDWKV

0DMRU SURSDJDWLRQ SDWKV RI WKH UDGLRðZDYH

QRLVH IURP WKH VRXUFH RI QRLVH WR D UHFHLYHU

DIIHFWHG PD\ EH DV LQGLFDWHG EHORZã

õDô'LUHFW UDGLDWLRQ QRLVH UDGLDWHG GLUHFWO\ IURP

WKH QRLVH VRXUFH DV DQ DLUERUQH ZDYH DQG

HQWHULQJ WKH DQWHQQD DQG FLUFXLW RI WKH

UHFHLYHUï

õEô'LUHFW WUDQVPLVVLRQ QRLVH RI ZKLFK FXUUHQW LV

WUDQVPLWWHG WKURXJK WKH SRZHU VXSSO\ OLQH

DQG HQWHUV WKH UHFHLYHUï

õFô 5DGLDWLRQ IURP WKH SRZHU VXSSO\ OLQH QRLVH

ZKLFK OHDNV WR WKH SRZHU VXSSO\ OLQHñ LV

UDGLDWHG IURP WKH GLVWULEXWLRQ OLQH DQG HQWHUV

WKH UHFHLYHUï

õGô5DGLDWLRQ IURP WKH SRZHU OLQH QRLVH ZKLFK LV

UDGLDWHG IURP WKH ZLULQJ EHWZHHQ WKH

LQYHUWHU DQG PRWRU DQG HQWHUV WKH UHFHLYHUï

,0

ëíí9 SRZHU VXSSO\ OLQH

7UDQVIRPHU

5DGLR UHFHLYHU,QYHUWHU

0RWRU

$QWHQQD

Eô

Fô

Dô

Gô

5DGLR 1RLVH 3URSDJDWLRQ 3DWKV
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ëô 1RLVH PHDVXULQJ PHWKRGV

õDô0HDVXUHPHQW RI QRLVH WHUPLQDO YROWDJH

'LVWXUEDQFH ZDYH VWUHQJWK IORZLQJ LQWR WKH

SRZHU FRUG RI WKH GLVWXUELQJ GHYLFH LV

PHDVXUHG DV D GLVWXUEDQFH ZDYH YROWDJH

RQ WKH GLVWULEXWLRQ OLQH ZKHUH WKDW GHYLFH

LV FRQQHFWHGï

7KH PHDVXUHG YDOXH LV LQGLFDWHG LQ G%

õìP9  íG%ôï

õEô0HDVXUHPHQW RI QRLVH ILHOG VWUHQJWK

7KH VWUHQJWK RI WKH HOHFWULF ILHOG UDGLDWHG

E\ WKH GLVWXUELQJ GHYLFH WR WKH DLU LV

PHDVXUHG ZLWK DQ DQWHQQDï 7KH GLVWDQFH

RI PHDVXUHPHQW EHWZHHQ WKH GHYLFH DQG

DQWHQQD LV VSHFLILHG DV ìíP RU êPï

7KH PHDVXUHG YDOXH LV LQGLFDWHG LQ G%

õìP9îP  íG%ôï

õFô $OVRñ GLVWXUELQJ SRZHU RU WKH

GLVFRQWLQXRXV QRLVH õFOLFN QRLVHô RI D

FRQWDFW GHYLFH LV PHDVXUHG GHSHQGLQJ RQ

WKH QRLVH W\SHï

$V GHVFULEHG DERYHñ WKH HYDOXDWLRQ RI

GLVWXUEDQFH ZDYH QRLVH GHSHQGV JUHDWO\ RQ

WKH GLIIHUHQFH RI LWV SURSDJDWLRQ SDWK DQG WKH

W\SH RI QRLVH PHDVXULQJ PHWKRGï 7KH PRVW

DSSURSULDWH PHWKRG IRU FRPSDULQJ DFWXDO

KDUP WR WKH UDGLR UHFHLYHU E\ WKH GLVWXUEDQFH

ZDYH LV WR PHDVXUH WKH SURSDJDWLRQ QRLVH

ILHOG VWUHQJWK EHFDXVH WKH UHFHLYHU LV PRVWO\

LQIOXHQFHG E\ WKH SURSDJDWLRQ SDWKV Dôñ Fô RU

Gôï

êô &RXQWHUPHDVXUHV DJDLQVW UDGLR QRLVH

5DGLR QRLVH FDQ EH UHGXFHG E\ DQ\ RI WKH

IROORZLQJ PHWKRGVã

õDô&RQQHFW WKH UDGLR QRLVH ILOWHU õ)5ð%,)ô

GHGLFDWHG WR )5 VHULHV LQYHUWHUV DFURVV

WKH LQYHUWHU LQSXW SRZHU VXSSO\ WHUPLQDOV

õSKDVHV 5ñ 6ñ 7 õ/ìñ /ëñ /êôô DQG VHFXUHO\

JURXQG LW ZLWK WKH JURXQG FDEOHï 7KLV LV

HIIHFWLYH ZKHQ WKH ZLULQJ GLVWDQFH

EHWZHHQ WKH LQYHUWHU DQG PRWRU LV VKRUWï

1RWHã ,Q WKLV FDVHñ RQH )5ð%,) FDXVHV DQ

DSSUR[LPDWHï éP$ OHDNDJH FXUUHQW

WR IORZï

1)%

)5ð%,)

5 õ/ìô

6 õ/ëô

7 õ/êô3
RZ

HU
VX
SO
\

*URXQGLQJ

,QYHUWHU

5DGLR 1RLVH )LOWHU

õEô:KHQ WKH ZLULQJ GLVWDQFH EHWZHHQ WKH LQYHUWHU

DQG PRWRU LV ORQJñ UXQ WKH FDEOH EHWZHHQ WKH

LQYHUWHU DQG PRWRU LQ D JURXQGLQJ FRQGXLWï

)5ð%,)

,0
3RZHU
VXSSO\

,QYHUWHU

õ1RWHô $ VKLHOGHG FDEOH LV
DOVR HIIHFWLYH

õ1RWHô

*URXQGLQJ &RQGXLW

õFô +RXVH WKH LQYHUWHU LQ DQ LURQ FXELFOH õZLWKRXW

DQ\ LQVWUXPHQW ZLQGRZV DQG LQGLFDWRU OLJKW

ZLQGRZVô DQG JURXQG WKH FXELFOHï

õGô&RQQHFW WKH OLQH QRLVH ILOWHUõVô õ)5ð%/)ô

DFURVV HLWKHU RU ERWK WKH LQSXW WHUPLQDOV DQG

RXWSXW WHUPLQDOV RI WKH LQYHUWHU DQG KRXVH WKH

LQYHUWHU DQG FDEOHV LQ D JURXQGLQJ FRQGXLWï

8VH WKH OLQH QRLVH ILOWHUõVô WRJHWKHU ZLWK WKH

UDGLR QRLVH ILOWHU WR SURGXFH D JUHDWHU HIIHFWï

)5ð%6)íì
)5ð%/)

)5ð%,)

)5ð%6)íì
)5ð%/)

,0

3
R
Z
HU

VX
S
SO
\

/LQH QRLVH
ILOWHU

,QYHUWHU
/LQH QRLVH

ILOWHU

/LQH 1RLVH )LOWHUV

5HIHUHQFHã

)RU H[DPSOHñ D UDGLR XVHG LQ DQ XUEDQ DUHD GRHV

QRW VXIIHU IURP QRLVH LI LW LV XVHG PRUH WKDQ DERXW

êíP DZD\ IURP WKH LQYHUWHU DQG WKH PDLQ FLUFXLW

ZLULQJ WR WKH LQYHUWHUï
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õêô6SHFLILF WHFKQLTXH H[DPSOHV

ìô 7HFKQLTXHV DQG HIIHFWV

7KH IROORZLQJ OHYHOV õHVWLPDWHG YDOXHVô RI HIIHFWV DUH

H[SHFWHG IRU WKH WHFKQLTXH H[DPSOHV õRQ WKH QH[W SDJHôï

8VH WKLV GDWD IRU UHIHUHQFH ZKHQ GHWHUPLQLQJ WKH SULRULW\

RI DFWXDO WHFKQLTXHVï

6\PERO PHDQLQJV

~ ã /DUJH HIIHFW

{ ã (IIHFW SURGXFHG

' ã 6PDOO HIIHFW

ð ã 1R HIIHFW

(IIHFWV RI 1RLVH 5HGXFWLRQ 7HFKQLTXHV

1RLVH 3URSDJDWLRQ

$LUðSURSDJDWHG QRLVH
&DEOHðSURSDJDWHG

QRLVH

/R
FD
WLR
Q

6
\P

ER
O

7HFKQLTXH
5DGLDWLRQ
IURP

LQYHUWHU

5DGLDWLRQ
IURP
SRZHU
FDEOHV

5DGLDWLRQ
IURP
PRWRU
FDEOHV

0DJQHWLF
LQGXFWLRQ
QRLVH

6WDWLF
LQGXFWLRQ
QRLVH

3RZHU
FDEOHV

/HDNDJH
FXUUHQW RI
JURXQG
FDEOH

$ 5HGXFH FDUULHU IUHTXHQF\ õ 3Uï æëôï ~ ~ ~ ~ ~ ~ ~

,Q
YH
UW
HU

%
,QFUHDVH LQSXW VZLWFK ILOWHU FRQVWDQW
õ 3Uï æéôï

' ' ' { ' � �

& ,QVWDOO )5ð%,)õð+ô UDGLR QRLVH ILOWHUï � ~ � � � ~ �

'
,QVWDOO )5ð%6)íì RU )5ð%/) OLQH QRLVH
ILOWHUï

� ~ � � � ~ '

(
5XQ SRZHU VXSSO\ FDEOHV LQ PHWDO FRQGXLW
RU XVH VKLHOGHG FDEOHV DV SRZHU VXSSO\
FDEOHVï

� ~ � � � ~ �

)
,QVWDOO LQVXODWLQJ WUDQVIRUPHU RU QRLVH
UHGXFWLRQ WUDQVIRUPHUï

� � � � � ~ �

,Q
SX
WV
LG
H

* 6HSDUDWH SRZHU VXSSO\ OLQHï � � � � � ~ ~

+
,QVWDOO )5ð%6)íì RU )5ð%/) OLQH QRLVH
ILOWHUï

� � ~ ' ' � ~

,
5XQ RXWSXW FDEOHV LQ PHWDO FRQGXLW RU XVH
VKLHOGHG FDEOHV DV RXWSXW FDEOHVï

� � ~ { { � �

2
XW
SX
WV
LG
H

-
8VH éðFRUH FDEOH DV PRWRU SRZHU OLQH DQG
XVH RQH ZLUH DV JURXQG FDEOHï

� � ' ' ' � ~

.
8VH WZLVWHG SDLU VKLHOGHG FDEOH DV VHQVRU
VLJQDO OLQHï

{ { { ~ ~ � �

/ &RQQHFW VKLHOG WR FRPPRQ RI VHQVRU VLJQDOï � � � ~ ~ � ~

0
'R QRW HDUWK VHQVRU SRZHU XQLW WR FRQWURO
ER[ HWFï GLUHFWO\ï

� � � � � ' ~

1 (DUWK VHQVRU SRZHU XQLW YLD FDSDFLWRUï � � � � � ' {

2
8VH VKLHOGHG FDEOHV IRU VLJQDO LQSXWV DQG
FRQQHFW VKLHOG WR FRPPRQ õLQSXW WHUPLQDOô
6'ï

' ' ' { ~ � '

3
8VH WZLVWHG SDLU VKLHOGHG FDEOHV IRU VSHHG
LQSXWV DQG FRQQHFW VKLHOG WR WHUPLQDO èï

{ { { ~ ~ � '

4
,QVHUW IHUULWH FRUHV õDYDLODEOH FRPPHUFLDOO\ô
LQWR VSHHG LQSXW FDEOHV õRXWSXW VLGH RI
PDWLQJ HTXLSPHQWôï

' ' ' { � � �

5
/RZHU LPSHGDQFH RI RXWSXW FLUFXLW RI PDWLQJ
HTXLSPHQWï

' ' ' { � � �

6
6HSDUDWH PRUH WKDQ êíFP IURP LQYHUWHU DQG
SRZHU OLQHï

~ ~ ~ ~ ~ � �

7 'R QRW UXQ FDEOHV LQ SDUDOOHO RU WRJHWKHUï ' ' ' ~ ~ � å�
8 3URYLGH PDVNLQJ VKLHOGï { ' ' ' ' � �
9 .HHS DZD\ IURP JURXQGï ' { { ' ' � �

&
RQ
QH
FW
HG

HT
XL
SP

HQ
W

:
,QVHUW IHUULWH FRUH DYDLODEOH RQ PDUNHW LQ
LQSXW VLGH RI PDWLQJ HTXLSPHQWï

� � � � � { '



6(/(&7,21

ëëä

ëô 7HFKQLTXH H[DPSOHV

7KH IROORZLQJ PHWKRGV ZLOO SURGXFH VRPH HIIHFWV ZLWK UHJDUG WR LQYHUWHU QRLVH UHGXFWLRQï )RU HIIHFWVñ

VHH WKH SUHFHGLQJ SDJHï

êêííîëíí9
éííîëíí9

5ñ 6ñ 7 8ñ 9ñ :

67)

675

6'

ëé9'&

ë

è

í WR è9'&

)5ð
%/)

)5ð
%,)

)5ð
%/)

éííîëíí9

ò
ð

3RZHU
WUDQVIRUPHU

3RZHU
VRXUFH

*ï 6HSDUDWH
SRZHU
VXSSO\ OLQHï

&RQWURO
VXSSO\

:ï ,QVHUW IHUULWH
FRUH DYDLODEOH
RQ PDUNHWï

8
WLO
LW\

SR
Z
HU
OLQ
H

5DGLDWHG
QRLVH

$0 UDGLR

9ï .HHS DV IDU DZD\
DV SRVVLEOH IURP
JURXQGï

)ï ,QVWDOO LQVXODWLQJ WUDQVIRUPHU
RU QRLVH UHGXFWLRQ WUDQVIRUPHUï

'ï ,QVWDOO ILOWHU õ)5ð%/)ñ )5ð%6)íìô
RQ LQYHUWHU LQSXW VLGHï

&ï ,QVWDOO )5ð%,) ILOWHU RQ
LQYHUWHU LQSXW VLGHï

2ï 8VH VKLHOGHG FDEOHV
DQG FRQQHFW VKLHOG WR
6'ï

3URJUDPPDEOH FRQWUROOHU
RU PLFURFRPSXWHU ERDUG

5ï /RZHU LPSHGDQFH RI RXWSXW FLUFXLWï

3ï 8VH WZLVWHG SDLU VKLHOGHG FDEOHV
DQG FRQQHFW VKLHOG WR WHUPLQDO èï

$ï /RZHU FDUULHU IUHTXHQF\ï

,QYHUWHU

+ï ,QVWDOO ILOWHU
õ)5ð%/)ñ )5ð%6)íìô
RQ LQYHUWHU RXWSXW VLGHï

0RWRU

&RQWURO ER[ RU
PDFKLQH HQFORVXUH

.ï 8VH WZLVWHG SDLU
VKLHOGHG FDEOHï'& SRZHU VXSSO\

IRU VHQVRU 6HQVRU

8VH VHQVRU RI KLJK
QRLVH LPPXQLW\ï

/ï 'R QRW HDUWK VKLHOG EXW
FRQQHFW LW WR VLJQDO
FRPPRQ ZLUHï

0ï 'R QRW HDUWK WR FRQWURO
ER[ GLUHFWO\ï

1ï (DUWK WR FRQWURO ER[ YLD
íïì WR íïíìP) FDSDFLWRUï

&DXWLRQã )RU UDGLR QRLVHñ VXIILFLHQW HIIHFWV PD\ QRW
EH SURGXFHG E\ WKLV WHFKQLTXH LQ ZHDN
ZDYH DUHDV VXFK DV PRXQWDLQV DQG
EXLOGLQJVï

(ï 5XQ FDEOHV LQ PHWDO SLSH õFRQGXLWô
RU HDUWK VKLHOG FDEOH WR PDFKLQH
DW RQH SRLQWï

,ï 5XQ FDEOHV LQ PHWDO SLSH
õFRQGXLWô RU HDUWK VKLHOG
FDEOH WR FRQWURO ER[ï

-ï 8VH éðFRUH FDEOH DV PRWRU
SRZHU OLQH DQG XVH RQH
ZLUH DV HDUWK FDEOHï

6ï 6HSDUDWH VHQVRU FLUFXLW
PRUH WKDQ êíFP õDW OHDVW
ìíFPô DZD\ IURP LQYHUWHU
DQG SRZHU OLQHï

4ï ,QVHUW IHUULWH FRUHV
DYDLODEOH RQ PDUNHWï

%ï ,QFUHDVH LQYHUWHU
SDUDPHWHUñ 3Uï æé õLQSXW
ILOWHU FRQVWDQWô VHWWLQJ
õQRWH WKDW UHVSRQVH
OHYHO LV UHGXFHGôï

õ/ìñ /ëñ /êô
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,QVWUXFWLRQV IRU ,QVWDOODWLRQ RI 1RLVH )LOWHUV

á,QVWDOODWLRQ LQ LQYHUWHU LQSXW VLGH! á,QVWDOODWLRQ LQ LQYHUWHU RXWSXW VLGH!

5 õ/ìô
6 õ/ëô
7 õ/êô

)5ð%,)

)5ð%/)
)5ð%6)íì

6KRUWHVW GLVWDQFH

,QYHUWHU

/LQH QRLVH ILOWHU

:LUH RYHU
VKRUWHVW
GLVWDQFHï

8
9
:

,Q
YH
UW
H
U

6KRUWHVW
1XPEHU RI ZLQGV
ZLWKLQ ê WLPHV õé7ôï

0RWRU

)5ð%/)
)5ð%6)íì

/LQH QRLVH ILOWHU

&DEOH 5RXWLQJ LQ &RQWURO %R[

8ï 0DVNLQJ VKLHOG

6ï 6HSDUDWH E\ PRUH WKDQ
êíFP õDW OHDVW ìíFPôï

,QYHUWHU

1RLVH ILOWHU

7HUPLQDO EORFN

&RQQHFWLRQ

7HUPLQDO EORFN

3RZHU
VXSSO\

&RQWURO
VXSSO\

7ï 5XQ FDEOHV DV VHSDUDWHO\ DV
SRVVLEOH DQG GR QRW UXQ FDEOHV LQ
SDUDOOHO RU WRJHWKHUï &URVV WKHP
ZKHUH LQHYLWDEOHï

0LFURFRPSXWHU
ERDUG

3URJUDPPDEOH
FRQWUROOHU

0RWRU

/LPLW VZLWFK
6HQVRU
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ëïèïé /HDNDJH FXUUHQWV DQG FRXQWHUPHDVXUHV

'XH WR FDSDFLWDQFHV H[LVWLQJ LQ WKH LQYHUWHU ,î2 OLQHV

DQG JURXQGñ OHDNDJH FXUUHQWV IORZ WKURXJK WKHPñ LQ

DGGLWLRQ WR WKH PRWRU FXUUHQWï

7KHVH OHDNDJH FXUUHQWV DUH GHWHUPLQHG E\ WKH

PDJQLWXGHV RI VZLWFKLQJ IUHTXHQF\ õIFô õFDUULHU

IUHTXHQF\ô DQG OLQHðWRðOLQH DQG WRðJURXQG

FDSDFLWDQFHVã

ìô :KHQ WKH FDUULHU IUHTXHQF\ LQFUHDVHVñ WKH OHDNDJH

FXUUHQW RI WKH LQYHUWHU LQFUHDVHVï

ëô ,I WKH ZLULQJ OHQJWK LV ODUJHñ WKH OLQHðWRðOLQH DQG WRð

JURXQG FDSDFLWDQFHV LQFUHDVHñ LQFUHDVLQJ WKH

OHDNDJH FXUUHQWï

7KHUHIRUHñ LQGHSHQGHQW RI WKH PDQXIDFWXUHU DQG

LQYHUWHU W\SHñ D ORZ DFRXVWLF QRLVH LQYHUWHU XVLQJ

KLJKðFDUULHU IUHTXHQF\ 3:0 FRQWURO WHQGV WR

LQFUHDVH OHDNDJH FXUUHQWï

õìô ,QIOXHQFH RI OHDNDJH FXUUHQWV

ìô $Q HDUWK OHDNDJH FLUFXLW EUHDNHU LV DFWXDWHG E\

WRðJURXQG OHDNDJH FXUUHQWVï

&RPSDUHG WR D FDVH ZKHUH D PRWRU LV GULYHQ E\

D FRPPHUFLDO SRZHU VXSSO\ñ OHDNDJH FXUUHQW

SURGXFHG E\ LQYHUWHU RSHUDWLRQ LQFOXGHV PRUH

KLJKðIUHTXHQF\ FRPSRQHQWV DQG WRðJURXQG

OHDNDJH FXUUHQW LQ WKLV KLJK IUHTXHQF\ EDQG DUH

KLJKHU WKDQ WKH RSHUDWLQJ FXUUHQW RI WKH HDUWK

OHDNDJH FLUFXLW EUHDNHUñ DFWXDWLQJ WKH HDUWK

OHDNDJH FLUFXLW EUHDNHUï

õDô7KH HDUWK OHDNDJH FLUFXLW EUHDNHU õ19ìô LV

DFWXDWHG ZKHQ OHDNDJH FXUUHQW IORZV

WKURXJK WRðJURXQG FDSDFLWDQFHV õ&ô LQ SDWKV

$ô DQG %ô LQGLFDWHG E\ GRWWHG OLQHV DQG

H[FHHG WKH VHWWLQJ RI WKH HDUWK OHDNDJH

FLUFXLW EUHDNHU LQ WKH VDPH OLQHï

õEô7KH HDUWK OHDNDJH FLUFXLW EUHDNHU 19ë RU

19ì LQ WKH RWKHU OLQH LV DFWXDWHG ZKHQ

OHDNDJH FXUUHQW IORZV LQ SDWKV &ôñ 'ôñ (ôñ

HWFï LQGLFDWHG E\ GRWWHG OLQHVï

19ì

19ë

&

&

3RZHU
VXSSO\

(DUWK OHDNDJH
FLUFXLW EUHDNHU

(DUWK OHDNDJH
FLUFXLW EUHDNHU

,QYHUWHU 0RWRU

0RWRU

$ô%ô

(ô

&ô

'ô

7Rð*URXQG /HDNDJH &XUUHQW 3DWKV

ëô ([WHUQDO WKHUPDO UHOD\ LV WULSSHG E\ OLQHðWRðOLQH

OHDNDJH FXUUHQWVï

,I WKH ZLULQJ GLVWDQFH RQ WKH LQYHUWHU RXWSXW VLGH

LV ORQJñ OLQHðWRðOLQH OHDNDJH FXUUHQWV õ$ô PD\

LQFUHDVH WKH HIIHFWLYH YDOXH RI WKH FXUUHQW

IORZLQJ LQ WKH WKHUPDO UHOD\ñ RSHUDWLQJ WKH

WKHUPDO UHOD\ï

$ VPDOOHUðFDSDFLW\ PRGHO ZKRVH UDWHG FXUUHQW

LV OHVV WKDQ VHYHUDO DPSHUHV LV PRUH OLDEOH WR

EH DIIHFWHG E\ OHDNDJH FXUUHQWVï

$ OHDNDJH FXUUHQW %ô PD\ SURGXFH D VHYHUDO

YROWV SRWHQWLDO DW WKH WHUPLQDO RI WKH UDGLR QRLVH

ILOWHU õ)5ð%,)ô EXW LW LV QRW D IDXOWï

1)%
)5ð%,)

3RZHU
VXSSO\ ,QYHUWHU

7KHUPDO UHOD\ /LQHðWRðOLQH FDSDFLWDQFH

0RWRU

$ô

%ô

/LQHðWRð/LQH /HDNDJH &XUUHQW 3DWKV
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õëô/HDNDJH FXUUHQW GDWD

7Rð*URXQG /HDNDJH &XUUHQW

([DPSOH

&RQGLWLRQ
&DUULHU

)UHTXHQF\

/HDNDJH &XUUHQW

9DOXH õP$ô

)5ð=ëéí ìïëæN+] çí

ëN+] äí
)5ð$èéí

ìéïèN+] ëìí

õ5XQQLQJ IUHTXHQF\ã çí+]ñ ZLULQJ OHQJWKã ëíPô

õ0RWRU FDSDFLW\ã êïæN: éðSROHô

1RWHã /HDNDJH FXUUHQWV LQ

FRPPHUFLDO SRZHU VXSSO\

RSHUDWLRQ DUH DSSUR[LPDWHO\

ìP$ï

/LQHðWRð/LQH /HDNDJH &XUUHQW ([DPSOHV

ëíí9 &ODVV éíí9 &ODVV

/HDNDJH FXUUHQW YDOXH

õ$ô

/HDNDJH FXUUHQW YDOXH

õ$ô
0RWRU

&DSDFLW\

õN:ô

5DWHG

FXUUHQW

õ$ô
:LULQJ

OHQJWK èíP

:LULQJ

OHQJWK

ìííP

5DWHG

FXUUHQW

õ$ô
:LULQJ

OHQJWK èíP

:LULQJ

OHQJWK

ìííP

íïé ìïå íïêì íïèí ìïì íïçë ìïíí

íïæè êïë íïêé íïèê ìïä íïçæ ìïíè

ìïè èïå íïêæ íïèç êïè íïæé ìïìë

ëïë åïë íïéí íïèä éïì íïåí ìïìå

õ)5ð$èíí FDUULHU IUHTXHQF\ ìéïèN+]ô

õ:LUH XVHGã êïèPP GLDïñ éðFRUH W\SH FDEOHô

õêô$FWLRQV WR EH WDNHQ IRU XQQHFHVVDU\ RSHUDWLRQ RI

HDUWK OHDNDJH FLUFXLW EUHDNHU DQG WKHUPDO UHOD\

GXH WR OHDNDJH FXUUHQWï

ìô $FWLRQV WR EH WDNHQ IRU XQQHFHVVDU\ RSHUDWLRQ

RI HDUWK OHDNDJH FLUFXLW EUHDNHUï

õDô8VH DQ HDUWK OHDNDJH FLUFXLW EUHDNHU õRU

HDUWK OHDNDJH UHOD\ô IRU ZKLFK KLJK

IUHTXHQF\ FRPSRQHQWV KDYH EHHQ

FRQVLGHUHGï

8VH WKH HDUWK OHDNDJH FLUFXLW EUHDNHU

GHYHORSHG IRU XVH ZLWK DQ LQYHUWHUñ HïJï

0LWVXELVKLöV 1HZ 6XSHU 19 VHULHV RU VHW D

ODUJH VHQVLWLYLW\ FXUUHQW WR SUHYHQW

XQQHFHVVDU\ RSHUDWLRQï

õEô3URYLGH GHGLFDWHG JURXQG FDEOHï

3URYLGH WKH PRWRU ZLWK D GHGLFDWHG JURXQG

FDEOH WR GLYLGH FXUUHQWñ WKHUHE\ UHGXFLQJ

WRðJURXQG OHDNDJH FXUUHQWï

ëô $FWLRQV WR EH WDNHQ IRU WKHUPDO UHOD\

PDOIXQFWLRQï

õFô ,QVWDOO WKH UHDFWRU õ)5ð%2/ô LQ WKH LQYHUWHU

RXWSXW VLGHï

,QFUHDVH WKH LPSHGDQFH LQ WKH KLJK

IUHTXHQF\ UHJLRQ WR GHFUHDVH OLQHðWRðOLQH

OHDNDJH FXUUHQWVï

õGô8VH WKH HOHFWURQLF WKHUPDO UHOD\ EXLOW LQWR

WKH LQYHUWHUï

7KH HOHFWURQLF WKHUPDO UHOD\ GHWHFWV KLJK

IUHTXHQF\ FRPSRQHQWV DIWHU FXWWLQJ WKHPñ

DQG LV UDUHO\ DIIHFWHG E\ OHDNDJH FXUUHQWVï

õHô ,QFUHDVH WKH VHWWLQJ RI WKH H[WHUQDO WKHUPDO

UHOD\ï

:KHQ WKH HOHFWURQLF WKHUPDO UHOD\ FDQQRW EH

XVHGñ HïJï ZKHQ WZR RU PRUH PRWRUV DUH

FRQQHFWHG WR RQH LQYHUWHU DQG WKHUPDO

UHOD\V DUH LQVWDOOHG LQGLYLGXDOO\ñ LQFUHDVH WKH

VHWWLQJ RI HDFK H[WHUQDO WKHUPDO UHOD\ E\ WKH

HTXLYDOHQFH RI WKH OHDNDJH FXUUHQW WR PDNH

WKHP GLIILFXOW WR EH DFWXDWHGï

0RWRUV RI ììN: RU PRUH FDSDFLW\ UDUHO\

KDYH OHDNDJH FXUUHQW SUREOHPV VLQFH WKHLU

UDWHG FXUUHQW LV ODUJHï

êô $FWLRQV WR EH WDNHQ IRU XQQHFHVVDU\ RSHUDWLRQ

RI HDUWK OHDNDJH FLUFXLW EUHDNHU DQG WKHUPDO

UHOD\ï

õIô 6HW WKH FDUULHU IUHTXHQF\ RI WKH LQYHUWHU WR D

ORZ YDOXHï

'HFUHDVH OHDNDJH FXUUHQW E\ VHWWLQJ WKH

FDUULHU IUHTXHQF\ RI WKH LQYHUWHU WR D ORZ

YDOXH XVLQJ WKH UHOHYDUW SDUDPHWHUï

+RZHYHUñ LW VKRXOG EH QRWHG WKDW WKH

GHFUHDVH LQ FDUULHU IUHTXHQF\ LQFUHDVHV

QRLVH GXULQJ PRWRU UXQQLQJï

7KH VHOHFWLRQ RI 6RIWð3:0 FDQ HOLPLQDWH

WKLV ORZ IUHTXHQF\ ¦PHWDOLF¦ QRLVHï

õJô 'HFUHDVH WKH WRðJURXQG DQG OLQHðWRðOLQH

FDSDFLWDQFHVï

:LUH FDEOHV RI VPDOOHU FDSDFLWDQFHV

EHWZHHQ WKH LQYHUWHU SRZHU VXSSO\ VLGH

DQG PRWRU VLGH WR PLQLPL]H WKH ZLULQJ

OHQJWKï
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ëêê

([DPSOHV RI DFWLRQV WR EH WDNHQ WR SUHYHQW XQQHFHVVDU\ RSHUDWLRQ

)5ð%2/

õDô 8VH KDUPRQLFîVXUJH UHGXFWLRQ EUHDNHUï õIô 5HGXFH FDUULHU IUHTXHQF\ï õFô ,QVWDOO UHDFWRU RQ RXWSXW VLGHï õHô ,QFUHDVH WKHUPDO UHOD\ VHWWLQJï

3RZHU
VXSSO\

(DUWK OHDNDJH
FLUFXLW EUHDNHU

õJô 0LQLPL]H ZLULQJ OHQJWKï

,QYHUWHU

õGô 8VH HOHFWURQLF WKHUPDO UHOD\ï

õJô 0LQLPL]H ZLULQJ OHQJWKï

8VH FDEOHV RI VPDOO FDSDFLWDQFHï
õEô 8VH GHGLFDWHG

JURXQG FDEOH IRU ZLULQJï

0RWRU

(DUWK OHDNDJH
FLUFXLW EUHDNHU

õDô 8VH KDUPRQLFîVXUJH UHGXFWLRQ 19ï

õJô 8VH FDEOHV RI VPDOO FDSDFLWDQFHîPLQLPL]H ZLULQJ OHQJWKï

0RWRU

(IIHFWV RI DFWLRQV

$FWLRQV PDUNHG ~ DUH UHFRPPHQGHG IRU SKHQRPHQD RFFXUULQJ GXH WR WKH LQIOXHQFH RI OHDNDJH FXUUHQWï

1Rï 3KHQRPHQRQ

õDô

+DUPRQLFî

VXUJH

UHGXFWLRQ

EUHDNHU

õEô

'HGLFDWHG

JURXQG

FDEOH

õFô ,QVWDOODWLRQ

RI UHDFWRU RQ

RXWSXW VLGH

õGô

8VH RI

HOHFWURQLF

WKHUPDO UHOD\

õHô

7KHUPDO UHOD\

VHWWLQJ FKDQJH

õIô

&DUULHU

IUHTXHQF\

FKDQJH

õJô 5HGXFWLRQ

RI

FDSDFLWDQFH

,

2SHUDWLRQ RI FLUFXLW

EUHDNHU LQ WKH VDPH

OLQH

~ { u u u ~ {

ìô

,,

2SHUDWLRQ RI FLUFXLW

EUHDNHU LQ WKH RWKHU

OLQH

~ { u u u ~ {

ëô
7KHUPDO UHOD\

RSHUDWLRQ
u u { { { ~ {

6\PERO PHDQLQJ ðððððð ~ã $GHTXDWH HIIHFWñ {ã (IIHFW SURGXFHGñ 'ã 6PDOO HIIHFWñ uã 1R HIIHFW
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ëêé

ëïç 6HOHFWLQJ SHULSKHUDO (TXLSPHQW

7KH QRðIXVH EUHDNHUVñ PDJQHWLF FRQWDFWRUV DQG FDEOHV GLIIHU ZLWK WKH LQYHUWHU PRGHOVï )RU VSHFLILF VHOHFWLRQñ

UHIHU WR WKH FRUUHVSRQGLQJ PRGHO FDWDORJ RU PDQXDOï

3HULSKHUDO 'HYLFH 6HOHFWLRQ /LVW $èíí

1Rð)XVH %UHDNHU õ1)ô RU

(DUWK /HDNDJH &LUFXLW %UHDNHU õ19ô
&DEOHV õPPëô

9ROWDJH

0RWRU

2XWSXW

õN:ô

$SSOLFDEOH

,QYHUWHU 7\SH
6WDQGDUG

:LWK SRZHU IDFWRU

LPSURYLQJ UHDFWRU

0DJQHWLF

&RQWDFWRU

õ0&ô
5ñ 6ñ

7

8ñ 9ñ

:

íïé )5ð$èëíðíïé. 7\SH 1)êíñ 7\SH 19êí è$ 7\SH 1)êíñ 7\SH 19êí è$ 6ð1ìí ë ë

íïæè )5ð$èëíðíïæè. 7\SH 1)êíñ 7\SH 19êí ìí$ 7\SH 1)êíñ 7\SH 19êí ìí$ 6ð1ìí ë ë

ìïè )5ð$èëíðìïè. 7\SH 1)êíñ 7\SH 19êí ìè$ 7\SH 1)êíñ 7\SH 19êí ìè$ 6ð1ìí ë ë

ëïë )5ð$èëíðëïë. 7\SH 1)êíñ 7\SH 19êí ëí$ 7\SH 1)êíñ 7\SH 19êí ìè$ 6ð1ììñ1ìë ë ë

êïæ )5ð$èëíðêïæ. 7\SH 1)êíñ 7\SH 19êí êí$ 7\SH 1)êíñ 7\SH 19êí êí$ 6ð1ëí êïè êïè

èïè )5ð$èëíðèïè. 7\SH 1)èíñ 7\SH 19èí èí$ 7\SH 1)èíñ 7\SH 19èí éí$ 6ð1ëè èïè èïè

æïè )5ð$èëíðæïè. 7\SH 1)ìííñ 7\SH 19ìíí çí$ 7\SH 1)èíñ 7\SH 19èí èí$ 6ð1êè ìé å

ìì )5ð$èëíðìì. 7\SH 1)ìííñ 7\SH 19ìíí æè$ 7\SH 1)ìííñ 7\SH 19ìíí æè$ 6ð.èí ìé ìé

ìè )5ð$èëíðìè. 7\SH 1)ëëèñ 7\SH 19ëëè ìëè$
7\SH 1)ìííñ 7\SH 19ìíí

ìíí$
6ð.çè ëë ëë

ìåïè )5ð$èëíðìåïè. 7\SH 1)ëëèñ 7\SH 19ëëè ìèí$
7\SH 1)ëëèñ 7\SH 19ëëè

ìëè$
6ð.åí êå êå

ëë )5ð$èëíðëë. 7\SH 1)ëëèñ 7\SH 19ëëè ìæè$
7\SH 1)ëëèñ 7\SH 19ëëè

ìèí$
6ð.äè êå êå

êí )5ð$èëíðêí. 7\SH 1)ëëèñ 7\SH 19ëëè ëëè$
7\SH 1)ëëèñ 7\SH 19ëëè

ìæè$
6ð.ìëè çí çí

êæ )5ð$èëíðêæ. 7\SH 1)éííñ 7\SH 19éíí ëèí$
7\SH 1)ëëèñ 7\SH 19ëëè

ëëè$
6ð.ìèí ìíí ìíí

éè )5ð$èëíðéè. 7\SH 1)éííñ 7\SH 19éíí êíí$
7\SH 1)éííñ 7\SH 19éíí

êíí$
6ð.ìåí ìíí ìíí

ëíí9

FODVV

èè )5ð$èëíðèè. 7\SH 1)éííñ 7\SH 19éíí éíí$
7\SH 1)éííñ 7\SH 19éíí

êèí$
6ð.ëëí ìèí ìèí

íïé )5ð$èéíðíïé. 7\SH 1)êíñ 7\SH 19êí è$ 7\SH 1)êíñ 7\SH 19êí è$ 6ð1ìí ë ë

íïæè )5ð$èéíðíïæè. 7\SH 1)êíñ 7\SH 19êí è$ 7\SH 1)êíñ 7\SH 19êí è$ 6ð1ìí ë ë

ìïè )5ð$èéíðìïè. 7\SH 1)êíñ 7\SH 19êí ìí$ 7\SH 1)êíñ 7\SH 19êí ìí$ 6ð1ìí ë ë

ëïë )5ð$èéíðëïë. 7\SH 1)êíñ 7\SH 19êí ìè$ 7\SH 1)êíñ 7\SH 19êí ìí$ 6ð1ëí ë ë

êïæ )5ð$èéíðêïæ. 7\SH 1)êíñ 7\SH 19êí ëí$ 7\SH 1)êíñ 7\SH 19êí ìè$ 6ð1ëí ë ë

èïè )5ð$èéíðèïè. 7\SH 1)êíñ 7\SH 19êí êí$ 7\SH 1)êíñ 7\SH 19êí ëí$ 6ð1ëí êïè ë

æïè )5ð$èéíðæïè. 7\SH 1)êíñ 7\SH 19êí êí$ 7\SH 1)êíñ 7\SH 19êí êí$ 6ð1ëí êïè êïè

ìì )5ð$èéíðìì. 7\SH 1)èíñ 7\SH 19èí èí$ 7\SH 1)êíñ 7\SH 19èí éí$ 6ð1ëí èïè èïè

ìè )5ð$èéíðìè. 7\SH 1)ìííñ 7\SH 19ìíí çí$ 7\SH 1)èíñ 7\SH 19èí èí$ 6ð1ëè ìé å

ìåïè )5ð$èéíðìåïè. 7\SH 1)ìííñ 7\SH 19ìíí æè$ 7\SH 1)ìííñ 7\SH 19ìíí çí$ 6ð1êè ìé å

ëë )5ð$èéíðëë. 7\SH 1)ìííñ 7\SH 19ìíí ìíí$ 7\SH 1)ìííñ 7\SH 19ìíí æè$ 6ð.èí ëë ìé

êí )5ð$èéíðêí. 7\SH 1)ëëèñ 7\SH 19ëëè ìëè$
7\SH 1)ìííñ 7\SH 19ìíí

ìíí$
6ð.çè ëë ëë

êæ )5ð$èéíðêæ. 7\SH 1)ëëèñ 7\SH 19ëëè ìèí$
7\SH 1)ëëèñ 7\SH 19ëëè

ìëè$
6ð.åí êå ëë

éè )5ð$èéíðéè. 7\SH 1)ëëèñ 7\SH 19ëëè ìæè$
7\SH 1)ëëèñ 7\SH 19ëëè

ìèí$
6ð.åí êå êå

éíí9

FODVV

èè )5ð$èéíðèè. 7\SH 1)ëëèñ 7\SH 19ëëè ëíí$
7\SH 1)ëëèñ 7\SH 19ëëè

ìæè$
6ð.ìíí çí çí

1RWHã ìï 7KH FDEOH VL]HV LQGLFDWHG DUH WKRVH IRU WKH ZLULQJ OHQJWK RI ëíPï

ëï :KHQ WKH LQYHUWHU LV ODUJHU LQ FDSDFLW\ WKDQ WKH PRWRU LQ WKHLU FRPELQDWLRQñ WKH EUHDNHU DQG PDJQHWLF FRQWDFWRU VKRXOG EH

VHOHFWHG DFFRUGLQJ WR WKH LQYHUWHU W\SHñ DQG WKH FDEOHV DQG SRZHU IDFWRU LPSURYLQJ UHDFWRU VHOHFWHG DFFRUGLQJ WR WKH PRWRU

RXWSXWï
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ëêè

ëïçïì 1Rð)XVH %UHDNHU

õìô3URWHFWLYH FRRUGLQDWLRQ õ%UHDNLQJ FDSDFLW\ô

7KH 1)% LV XVHG WR SURWHFW WKH ZLULQJ IURP

GDPDJH FDXVHG E\ RQ RYHUORDG RU VKRUWðFLUFXLW

FXUUHQWVï ,QVWDOO WKH 1)% WR VKXW RII DQ\ DFFLGHQWDO

FXUUHQW SDVVLQJ WKURXJK WKH LQYHUWHU LQSXW FLUFXLWñ

VXFK DV RYHUORDG RU VKRUWðFLUFXLW WKHUHE\

PLQLPL]LQJ WKH LQIOXHQFH RI WKH DFFLGHQWï

6HOHFW WKH 1)% RI ZKLFK EUHDNLQJ FDSDFLW\ LV

DSSURSULDWH IRU WKH HVWLPDWHG VKRUWðFLUFXLW FXUUHQW

LQ WKH FLUFXLW DFFRUGLQJ WR WKH RYHUDOO LPSHGDQFH

RI WKH SRZHU VXSSO\ï õ)RU IXOO LQIRUPDWLRQñ UHIHU WR

WKH 0LWVXELVKL QRðIXVH EUHDNHU WHFKQLFDO

LQIRUPDWLRQïô

7KH PDVWHU 1)% DQG LQYHUWHU 1)% PXVW EH IXOO\

FRRUGLQDWHG IRU SURWHFWLRQï 6KRXOG D ORZð

LPSHGDQFH VKRUW FLUFXLW RFFXUñ IRU H[DPSOHñ LI WKH

WUDQVLVWRUV LQ WKH LQYHUWHU FLUFXLW RI WKH LQYHUWHU DUH

GDPDJHG RU WKH GLRGHV LQ WKH FRQYHUWHU FLUFXLW DUH

EURNHQñ WKH PDVWHU 1)% PD\ EH WULSSHGï +HQFHñ LW

LV QHFHVVDU\ WR PDNH D SUHðFKHFN XVLQJ WKH

RSHUDWLRQDO FKDUDFWHULVWLF FXUYHï

:KHQ WKH RYHUDOO LPSHGDQFH RI WKH SRZHU VXSSO\

OLQH LV VPDOOñ WKH SHDN YDOXH RI WKH LQYHUWHU LQSXW

SRZHU VXSSO\ LQFUHDVHVï 7KHUHIRUHñ WKH FXUUHQW

SHDN YDOXH PXVW EH UHGXFHG E\ WKH FXUUHQW

OLPLWLQJ DFWLRQ RI WKH SRZHUðIDFWRU FRUUHFWLQJ

UHDFWRUï

7KH SRZHUðIDFWRU UHDFWRU PXVW EH LQVHUWHG LQ WKH

LQSXW RU '& FLUFXLW ZKHQ WKH SRZHU WUDQVIRUPHU LV

ODUJHï

õëô6HWWLQJ WKH UDWHG FXUUHQW RI LQYHUWHU SULPDU\ 1)%

7KH 1)% LQ WKH LQYHUWHU SULPDU\ FLUFXLW LV XVHG WR

SURWHFW WKH LQYHUWHU SULPDU\ ZLULQJ IURP RYHUORDG

DQG VKRUW FLUFXLWï

6LQFH WKH LQYHUWHU KDV D FRQYHUWHU FLUFXLW DQG D

ODUJHðFDSDFLW\ VPRRWKLQJ HOHFWURO\WLF FDSDFLWRUñ LW

VHUYHV DV D FDSDFLWRUðLQSXW UHFWLILHU ZLWK UHVSHFW

WR WKH SRZHU VXSSO\ DQG D SXOVHðVKDSHG FXUUHQW

IORZV LQ WKH LQYHUWHU LQSXW FLUFXLW WR FKDUJH WKH

FDSDFLWRUï

7KH HIIHFWLYH YDOXH RI WKH LQYHUWHU LQSXW FXUUHQW

YDULHV DFFRUGLQJ WR LWV IRUP IDFWRU ZKLFK LV XQGHU

WKH LQIOXHQFH RI WKH SRZHU VXSSO\ LPSHGDQFHï

+HQFHñ WKH LQSXW FXUUHQW LV QRW GHWHUPLQHG RQO\ E\

WKH ORDG FDSDFLW\ RI WKH PRWRU DQG FKDQJHV XQGHU

WKH LQIOXHQFH RI WKH UHDFWDQFHV RI WKH SRZHU

VXSSO\ DQG ZLULQJï 7KH UDWHG FXUUHQWV RI WKH 1)%V

õOLVWHG RQ WKH SUHYLRXV SDJHô KDYH EHHQ VHOHFWHG

LQ UHODWLRQ WR WKH HIIHFWLYH YDOXH RI WKH LQYHUWHU

LQSXW SRZHU VXSSO\ IRXQG E\ XVLQJ WKH SRZHU

VXSSO\ LPSHGDQFH YDOXH RQ WKH DVVXPSWLRQ WKDW

WKH SRZHU VXSSO\ FDSDFLW\ LV DERXW ëííN9$ WR

èííN9$ñ ZLWK WKH LQIOXHQFH RI WKH WHPSHUDWXUH ULVH

DQG RWKHU IDFWRUV VXFK DV KDUPRQLF FRPSRQHQWV

WDNHQ LQWR FRQVLGHUDWLRQï 6HOHFW D ODUJHU FXUUHQW

UDWLQJ YHUVLRQ ZKHQ DQ HOHFWURðPDJQHWLF W\SH 1)%

LV XVHG EHFDXVH LWV RSHUDWLRQDO FKDUDFWHULVWLF PD\

FKDQJH GXH WR KDUPRQLF FXUUHQWï %\ LQVHUWLQJ WKH

SRZHUðIDFWRU FRUUHFWLQJ UHDFWRUñ WKH IRUP IDFWRU RI

WKH SULPDU\ FXUUHQW LV LPSURYHG DQG WKH FXUUHQW

HIIHFWLYH YDOXH LV UHGXFHGï
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ëêç

ëïçïë 0DJQHWLF &RQWDFWRU õ0&ô

õìô ,QYHUWHU SULPDU\ PDJQHWLF FRQWDFWRU õ0&ô

7KH LQYHUWHU SULPDU\ FLUFXLW FDQ EH GLUHFWO\

FRQQHFWHG ZLWK D 1)%ï ,Q VRPH FDVHVñ WKH 0&

PD\ EH SURYLGHG IRU DQ\ RI WKH IROORZLQJ

SXUSRVHVï 6HH VHFWLRQ ìïéïìï

ìô 7R GLVFRQQHFW WKH LQYHUWHU IURP WKH SRZHU

VXSSO\ ZKHQ WKH LQYHUWHU SURWHFWLYH IXQFWLRQ LV

DFWLYDWHG RU ZKHQ D IDXOW RFFXUV LQ WKH GULYH

XQLW õHïJï HPHUJHQF\ VWRS RSHUDWLRQôï

ëô 7R SUHYHQW DQ DFFLGHQW FDXVHG E\ DXWRPDWLF

UHVWDUW ZKHQ WKH SRZHU LV UHVWRUHG DIWHU WKH

LQYHUWHU KDV EHHQ VWRSSHG E\ D SRZHU IDLOXUHï

õ)RU WKH $èíí ñ ZKHQ DQ LQVWDQWDQHRXV SRZHU

IDLOXUH LV ìèPV RU ORQJHUñ LQVWDQWDQHRXV SRZHU

IDLOXUH SURWHFWLRQ LV DFWLYDWHG WR SUHYHQW WKH

LQYHUWHU IURP DXWRPDWLFDOO\ UHVWDUWLQJ ZKHQ

SRZHU LV UHVWRUHGï :KHQ D SRZHU IDLOXUH LV

ORQJHU WKDQ DERXW ìííPVñ WKH LQYHUWHU LV

DXWRPDWLFDOO\ UHVHW ZKHQ SRZHU LV UHVWRUHG DQG

LV WKHUHIRUH UHVWDUWHG DXWRPDWLFDOO\ LI WKH UXQ

VLJQDO LV RQïô

êô 7R NHHS WKH LQYHUWHU VWRSSHG IRU D ORQJ WLPHï

7KH LQYHUWHU FRQWURO SRZHU VXSSO\ DQG FRROLQJ

IDQ DUH DOZD\V UXQQLQJñ FRQVXPLQJ OLWWOH SRZHUï

õ$FWXDOO\ GHSHQGV RQ LQWHOOLJHQW IDQ FRQWURO

VHOHFWLRQïô

:KHQ WKH LQYHUWHU LV NHSW VWRSSHG IRU D ORQJ

WLPHñ SRZHU FDQ EH HFRQRPL]HG VOLJKWO\ E\

VZLWFKLQJ WKH LQYHUWHU SRZHU VXSSO\ RIIï

éô 7R VHSDUDWH WKH LQYHUWHU IURP WKH SRZHU VXSSO\

WR HQVXUH VDIHW\ GXULQJ PDLQWHQDQFH DQG

LQVSHFWLRQï

6LQFH WKH LQYHUWHU SULPDU\ 0& LV XVHG IRU WKH

DERYH SXUSRVHVñ WKH QXPEHU RI RQîRII WLPHV LV

H[WUHPHO\ VPDOOï 6HOHFW WKH 0& ZKLFK FRQIRUPV

WR -(0ìíêåð$& &ODVV ê LQ UHODWLRQ WR WKH

LQYHUWHU LQSXW FXUUHQWï

1RWHã 7KH LQYHUWHU PD\ EH UXQ DQG VWRSSHG E\

VZLWFKLQJ WKH 0& RQ DQG RIIï +RZHYHUñ

IUHTXHQW VWDUWLQJ DQG VWRSSLQJ RI WKH

LQYHUWHU XVLQJ WKH 0& PXVW EH DYRLGHG

EHFDXVH DQ LQUXVK FXUUHQW UHSHDWHG DW

SRZHUðRQ UHGXFHV WKH OLIH RI WKH

FRQYHUWHU FLUFXLW õVZLWFKLQJ OLIH LV DERXW

ëííñííí WLPHVôï 5XQ DQG VWRS WKH

LQYHUWHU E\ VZLWFKLQJ RQ DQG RII WKH

LQYHUWHU VWDUW FRQWURO WHUPLQDO õ67)ñ

675ôï

õëô ,QYHUWHU VHFRQGDU\ PDJQHWLF FRQWDFWRU

5HIHU WR 6HFWLRQ ìïéïê IRU GHWDLOV RI WKH WXUQðRQ

FRQGLWLRQ RI D PDJQHWLF FRQWDFWRU SURYLGHG

EHWZHHQ WKH LQYHUWHU DQG PRWRUï

ìô 7R UXQ WKH PRWRU E\ VZLWFKLQJ EHWZHHQ D

FRPPHUFLDO SRZHU VXSSO\ DQG LQYHUWHU

RSHUDWLRQï

,Q WKLV FDVHñ WKH FRPPHUFLDO SRZHU VXSSO\ 0&

DQG LQYHUWHU RXWSXW FLUFXLW 0& PXVW EH

PDJQHWLF FRQWDFWRUV ZLWK HOHFWULFDO DQG

PHFKDQLFDO LQWHUORFNV DQG WKH WZR 0&V PXVW

EH GHVLJQHG QRW WR WXUQ RQ DW WKH VDPH WLPHï

7KH WUDQVLVWRUV ZLOO EH GDPDJHG LI WKH

FRPPHUFLDO SRZHU LV DSSOLHG WR WKH LQYHUWHU

RXWSXW WHUPLQDOVï 6HOHFW WKH 0& ZKLFK KDV D

VXIILFLHQW FDSDFLW\ IRU WKH LQYHUWHU RXWSXW

FXUUHQWï õ-(0ìíêåð$& &ODVV ê RU KLJKHUïô 7DNH

VSHFLDO FDUH VR WKDW WKH LQYHUWHU LV QRW

FRQQHFWHG ZLWK WKH FRPPHUFLDO SRZHU VXSSO\

E\ DQ DUF JHQHUDWHG ZKHQ WKH FXUUHQW LV VKXW

RIIï

ëô 7R XVH RQH LQYHUWHU ZLWK VHYHUDO PRWRUV E\

VZLWFKLQJ WKH LQYHUWHUðGULYHQ PRWRUV IURP RQH

WR DQRWKHUï

7KH 0& PD\ EH VZLWFKHG RII GXULQJ RSHUDWLRQï

6HOHFW WKH 0& ZKLFK PHHWV -(0ìíêåð$&

&ODVV ê RU KLJKHU LQ FRQVLGHUDWLRQ RI WKH

VZLWFKLQJ OLIHï
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ëêæ

ëïçïê 7KHUPDO 5HOD\

$ WKHUPDO UHOD\ LV JHQHUDOO\ XVHG WR SURWHFW D

JHQHUDOðSXUSRVH PRWRUï 7KH FXUUHQW IORZLQJ LQ WKH

JHQHUDOðSXUSRVH PRWRU GULYHQ IURP DQ LQYHUWHU LV

DERXW ìíø ODUJHU WKDQ WKDW IORZLQJ LQ WKH PRWRU

GULYHQ ZKHQ IURP D FRPPHUFLDO SRZHU VXSSO\ï

)RU WKLV UHDVRQñ VHW WKH WKHUPDO UHOD\ WR ìïì WLPHV

JUHDWHU WKDQ WKH FXUUHQW YDOXH IRU XVH ZLWK WKH

FRPPHUFLDO SRZHU VXSSO\ï 1RWH WKDW VLQFH WKH

JHQHUDOðSXUSRVH PRWRU LV GHVLJQHG IRU XVH DW DQ\ RI

WKH WKUHH UDWLQJV RI ëíí9 èí+]ñ ëíí9 çí+] DQG

ëëí9 çí+]ñ WKH WHPSHUDWXUH ULVH RI WKH PRWRU PD\

H[FHHG WKH SHUPLVVLEOH YDOXH HYHQ ZKHQ WKH ORDG

FXUUHQW LV ZLWKLQ WKH UDWHG YDOXH ZKHQ WKH PRWRU LV

FRQWLQXRXVO\ UXQ DW WKH UDWHG WRUTXH RI èí+] RU DW ORZ

VSHHGï 7KHUHIRUHñ VHOHFW WKH PRWRU FDSDFLW\ VR WKDW

WKH ORDG WRUTXH LV OHVV WKDQ WKH QRPLQDO PRWRU WRUTXH

DV LQGLFDWHG LQ 6HFWLRQ ëïëïêï

7KH )5ð$èíí DQG )5ð(èíí VHULHV LQYHUWHUV DUH

LQFRUSRUDWHG ZLWK DQ HOHFWURQLF WKHUPDO UHOD\ WR

SURWHFW WKH PRWRU IURP RYHUORDG LQ WKH ORZ VSHHG

UDQJHï 7KHUHIRUHñ D WKHUPDO UHOD\ QHHG QRW EH

SURYLGHG XQOHVVã

z 7ZR RU PRUH PRWRUV DUH UXQ E\ RQH LQYHUWHUâ RU

z $ VSHFLDO PRWRU LV UXQï ,Q WKLV FDVHñ SURYLGH D

KHDWðRSHUDWHG WKHUPDO UHOD\ï

ëïçïé &DEOH 6L]H DQG :LULQJ 'LVWDQFH

õìô0DLQ FLUFXLW FDEOHV

/LNH WKDW RI D JHQHUDO SRZHU FDEOHñ GHWHUPLQH WKH

VL]H RI WKH PDLQ FLUFXLW FDEOHV DIWHU H[DPLQLQJ LWV

FXUUHQW FDSDFLW\ñ VKRUW FLUFXLW SURWHFWLRQ DQG FDEOH

YROWDJH GURSï

7KH HIIHFWLYH YDOXH RI WKH LQYHUWHU SULPDU\ FXUUHQW

PXVW EH QRWHG EHFDXVH D FXUUHQW ODUJHU WKDQ WKH

PRWRU FXUUHQW PD\ IORZ GHSHQGLQJ RQ WKH LQYHUWHU

LQSXW SRZHU IDFWRU õVHH 6HFWLRQ ëïéïìôï ,I WKH

ZLULQJ GLVWDQFH RI WKH FDEOH EHWZHHQ WKH LQYHUWHU

DQG PRWRU LV ORQJñ WKH YROWDJH GURS LQFUHDVHVñ

FDXVLQJ D UHGXFWLRQ LQ PRWRU WRUTXH DQG WKH

FXUUHQW WR LQFUHDVHï ,Q DQ H[WUHPH FDVHñ WKH PRWRU

PD\ RYHUKHDWï 1RWH WKDW HVSHFLDOO\ ZKHQ WKH

RXWSXW IUHTXHQF\ LV ORZñ WKH RXWSXW YROWDJH RI WKH

LQYHUWHU LV DOVR ORZ DQG WKH UDWH RI YROWDJH GURS

LQFUHDVHVï

6HOHFW WKH FDEOH VL]H VR WKDW WKH YROWDJH GURS

EHWZHHQ WKH LQYHUWHU DQG PRWRU LV ëø RU OHVV RI

WKH UDWHG YROWDJHï

9ROWDJH 'URS RYHU :LULQJ 'LVWDQFH RI êíP

õëëí9 6XSSOLHGô 5HIHUHQFH 9DOXHV

$SSOLFDEOH ,QYHUWHU
,QYHUWHU 2XWSXW

9ROWDJH

6WDQGDUG $SSOLFDEOH &DEOH

RYHU êíP
/LQH 9ROWDJH 'URS RYHU êíP*HQHUDO ð

3XUSRVH

0RWRU

é3õN:ô
7\SH

&XUUHQWõ

$ô

çí+]

õ9ô

ç+]

õ9ô

&DEOH

GLDPHWHU

õPPëô

&RQGXFWRU

UHVLVWDQFHëíq&
õP:îPô

9ROWDJH

GURS

õ9ô

çí+]

õøô

ç+]

õøô

íïé )5ð$èëíðíïé. ê ëëí êé ë äïëé ìïéé íïçè éïë

íïæè )5ð$èëíðíïæè. è ëëí êé ë äïëé ëïéí ìïíä æïì

ìïè )5ð$èëíðìïè. å ëëí êí ë äïëé êïåé ìïæè ìëïå

ëïë )5ð$èëíðëïë. ìì ëëí êí êïè èïëí ëïäæ ìïêè äïä

êïæ )5ð$èëíðêïæ. ìæ ëëí êí èïè êïêê ëïäé ìïêé äïå

èïè )5ð$èëíðèïè. ëé ëëí ëå å ëïêì ëïåå ìïêì ìíïê

æïè )5ð$èëíðæïè. êê ëëí ëå å ëïêì êïäç ìïåí ìéïì

ìì )5ð$èëíðìì. éç ëëí ëç ìé ìïêí êïì ìïéì ììïä

ìè )5ð$èëíðìè. çì ëëí ëç ëë íïåëé ëïêê ìïíç äïí

ìåïè )5ð$èëíðìåïè. æç ëëí ëç êí íïçëé ëïäì ìïêë ììïë

ëë )5ð$èëíðëë. äí ëëí ëç êí íïçëé ëïäì ìïêë ììïë

êí )5ð$èëíðêí. ììè ëëí ëç èí íïêæå ëïëç ìïíê åïæ

êæ )5ð$èëíðêæ. ìéè ëëí ëç åí íïëëä ìïæê íïæå çïæ

éè )5ð$èëíðéè. ìæè ëëí ëç åí íïëëä ëïíå íïäè åïí

èè )5ð$èëíðèè. ëìè ëëí ëç ìëè íïìéé ìïçì íïæê çïë
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ëêå

7KH OLQH YROWDJH GURS FDQ EH FDOFXODWHG E\ WKH

IROORZLQJ H[SUHVVLRQã

/LQH YROWDJH GURS >9@

ê u FDEOH UHVLVWDQFH>P:îP@
u ZLULQJ GLVWDQFH>P@ u FXUUHQW>$@

 
ìñííí

8VH D ODUJHU GLDPHWHU FDEOH ZKHQ WKH ZLULQJ GLVWDQFH

LV ORQJ RU LW LV GHVLUHG WR GHFUHDVH WKH YROWDJH GURS

õWRUTXH UHGXFWLRQô LQ WKH ORZ VSHHG UDQJHï

1RWHã :KHQ LW LV GHVLUHG WR XVH D ODUJHUðGLDPHWHU

FDEOH EXW LW FDQQRW EH FRQQHFWHG GLUHFWO\

ZLWK WKH PRWRU DQG LQYHUWHU WHUPLQDOVñ

SURYLGH UHOD\ WHUPLQDO ER[HV DV VKRZQ

EHORZã

3RZHU
VXSSO\

,QYHUWHU

6WDQGDUG FDEOH /DUJH GLDPHWHU FDEOH 6WDQGDUG FDEOH

0RWRU

5HOD\ WHUPLQDO ER[HV

z:LULQJ OHQJWK WR WKH PRWRU

:KHQ WKH ZLULQJ GLVWDQFH EHWZHHQ WKH LQYHUWHU DQG

PRWRU LV ORQJñ RYHUFXUUHQW SURWHFWLRQ PD\ EH

DFWLYDWHG E\ WKH LQIOXHQFH RI WKH FKDUJLQJ FXUUHQW

õOHDNDJH FXUUHQWô GXH WR WKH VWUD\ FDSDFLW\ RI WKH

ZLULQJ LQ DGGLWLRQ WR WKH DIRUHPHQWLRQHG YROWDJH

GURSï +HQFHñ WKH ZLULQJ OHQJWK VKRXOG EH èííP

õPD[LPXPôï õ:KHQ VHYHUDO PRWRUV DUH FRQQHFWHGñ

WKH RYHUDOO OHQJWK VKRXOG EH ZLWKLQ èííPô

:KHQ PDJQHWLF IOX[ YHFWRU FRQWURO KDV EHHQ

VHOHFWHGñ WKH FDEOH OHQJWK VKRXOG EH ZLWKLQ êíPï $

ORQJHU FDEOH OHQJWK PD\ FDXVH LQVWDEOH URWDWLRQ DW

ORZ VSHHGñ LQ DGGLWLRQ WR UHGXFHG WRUTXHï

õëô&RQWURO FLUFXLW FDEOHV

7KH FDEOH VL]H RI íïæèPPë RU ODUJHU LV HQRXJK IRU

XVH ZLWK FDEOH RWKHU WKDQ WKH PDLQ FLUFXLW FDEOHVñ

HïJï RSHUDWLRQ DQG VLJQDO FLUFXLWVï
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ëïçïè *URXQG )DXOW %UHDNHU õ19ô

6LQFH KDUPRQLF FRPSRQHQWV DUH LQFOXGHG LQ WKH

RXWSXW YROWDJH RI DQ LQYHUWHU ZKLFK GULYHV D PRWRUñ DQ

HDUWK OHDNDJH FXUUHQW IORZV GXH WR WKH HDUWK FDSDFLW\

RI WKH HOHFWULFDO SDWK IURP WKH LQYHUWHU WR WKH PRWRU

DQG WKH VWUD\ FDSDFLW\ EHWZHHQ WKH PRWRU ZLQGLQJ

DQG LURQ FRUHï )RU WKLV UHDVRQñ WKH UDWHG VHQVLWLYLW\

FXUUHQW RI WKH JURXQG IDXOW EUHDNHU LQVWDOOHG LQ WKH

SRZHU VXSSO\ VLGH RI WKH LQYHUWHU VKRXOG EH VHOHFWHG

DV GHVFULEHG EHORZã

z 1HZ 6XSHU 19 VHULHV õ7\SH 6)ñ &)ô

5DWHG VHQVLWLYLW\ FXUUHQW

, ' Q t ìí u õ,Jì ò ,JQ ò ,Jë ò ,JPô
z &RQYHQWLRQDO 19 VHULHV õ7\SH &$ñ &6ñ 66ô

5DWHG VHQVLWLYLW\ FXUUHQW

, ' Q t ìí u ^,J ò ,JQ ò ê u õ,Jë ò ,JPô`
,Jìñ ,Jã OHDNDJH FXUUHQWV LQ FDEOH SDWK GXULQJ

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ

,JQ ã OHDNDJH FXUUHQW RI QRLVH ILOWHU RQ LQYHUWHU

LQSXW VLGH

,JP ã OHDNDJH FXUUHQW RI PRWRU GXULQJ

FRPPHUFLDO SRZHU VXSSO\ RSHUDWLRQ

>([DPSOH@

19

,Jì ,JQ ,Jë ,JP

,0

1RLVH
ILOWHU

,QYHUWHU

èïèPP u èPë èïèPP u æíPë

êI
ëíí9 ëïëN: õê+3ô

õìçïéí IHHWô õëëäïçç IHHWô

1RWHã ìï 7KH 19 VKRXOG EH LQVWDOOHG RQ WKH SULPDU\

õSRZHU VXSSO\ô VLGH RI WKH LQYHUWHUï

ëï *URXQG IDXOW LQ WKH VHFRQGDU\ VLGH RI WKH

LQYHUWHU FDQ EH GHWHFWHG DW WKH UXQQLQJ

IUHTXHQF\ RI ìëí+] RU ORZHUï

êï ,Q WKH VWDUðFRQQHFWLRQ QHXWUDO SRLQW

JURXQGLQJ V\VWHPñ WKH VHQVLWLYLW\ FXUUHQW LV

SXULILHG DJDLQVW D JURXQG IDXOW LQ WKH

LQYHUWHU VHFRQGDU\ VLGHï 7KHUHIRUHñ WKH

SURWHFWLYH JURXQG UHVLVWDQFH RI WKH ORDG

HTXLSPHQW VKRXOG EH ìí: RU OHVVï

í

ëí

éí

çí

åí

ìíí

ìëí

ë êïè
èïè

ìé ëë
êí
êå

íïì
ìïè êïæ
ëïë

æïè ìèëë
ìì

êæ
êí

èè
éè

íïë

íïê

íïè

íïæ

ìïí

ëïí

èïè ìåïè
å

çí
åí
ìíí
ìèí

/H
D
ND
J
H
FX
UU
H
QW
õP
$
ô

&DEOH VL]H õPP ô

/H
D
ND
J
H
FX
UU
H
QW
õP
$
ô

0RWRU FDSDFLW\ õN:ô

([DPSOH RI OHDNDJH FXUUHQW
LQ FDEOH SDWK GXULQJ FRPPHUFLDO
SRZHU VXSSO\ RSHUDWLRQ ZKHQ
WKH &9 FDEOH LV URXWHG LQ PHWDO
FRQGXLW õëíí9 çí+]ô

/HDNDJH FXUUHQW H[DPSOH RI
êðSKDVH LQGXFWLRQ PRWRU GXULQJ
FRPPHUFLDO SRZHU VXSSO\
RSHUDWLRQ õëíí9 çí+]ô

ë

6HOHFWLRQ ([DPSOH õIRU WKH OHIW ILJXUHô

õ8QLWã P$ô

3URJUHVVLYH 6XSHU

6HULHV

õ7\SH 63ñ &3ô

&RQYHQWLRQDO 19

õ7\SH &$ñ &6ñ 66ô

èP õìçïéí IHHWô
/HDNDJH FXUUHQW õ,Jìô êê u

ìíííP õêëåíïåí IHHWô
 íïìæ

/HDNDJH FXUUHQW õ,JQô í õZLWKRXW QRLVH ILOWHUô

æíP õëëäïçç IHHWô
/HDNDJH FXUUHQW õ,Jëô êê u

ìíííP õêëåíïåí IHHWô
 ëïêì

0RWRU OHDNDJH

FXUUHQW õ,JPô
íïìå

7RWDO OHDNDJH FXUUHQW ëïçç æïçé

5DWHG VHQVLWLYLW\

FXUUHQW

õt ,J u ìíô
êí ìíí
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õìô&DOFXODWLQJ WKH FRQWLQXRXV OHDNDJH FXUUHQW

7KH YDOXH RI WKH OHDNDJH FXUUHQW GHSHQGV RQ WKH

FDEOH W\SHñ FDEOH GLDPHWHUñ FDEOH OHQJWK IURP

JURXQG IDXOW EUHDNHU WR LQYHUWHUñ FDEOH OHQJWK IURP

LQYHUWHU WR PRWRUñ DQG LQYHUWHU RXWSXW IUHTXHQF\ï ,W

LV URXJKO\ FDOFXODWHG IURP D YDOXH IRU WKH

FRPPHUFLDO SRZHU VXSSO\ õèí+]ñ çí+]ôï

ìô /HDNDJH FXUUHQW IURP FDEOHV õ,Jìñ,Jëô

0HDVXUH WKH HOHFWULFDO SDWK OHQJWK IURP JURXQG

IDXOW LQWHUUXSWHU WR LQYHUWHU LQSXW WHUPLQDOV DQG

WKH W\SHV DQG VL]HV RI FDEOHV DQG FDOFXODWH WKH

OHDNDJH FXUUHQW DFFRUGLQJ WR WKH LQIRUPDWLRQï

õ$SSO\ WKH YDOXH IRU WKH FRPPHUFLDO SRZHU

VXSSO\ï +DUPRQLF FRPSRQHQWV FDQ EH LJQRUHGïô

0HDVXUH WKH HOHFWULFDO SDWK OHQJWK IURP LQYHUWHU

RXWSXW WHUPLQDOV WR WKH PRWRU DQG WKH W\SHV DQG

VL]HV RI FDEOHVñ FDOFXODWH WKH OHDNDJH FXUUHQW

DFFRUGLQJ WR WKLV LQIRUPDWLRQ DQG PXOWLSO\ WKH

FDOFXODWHG YDOXH VHYHUDO WLPHV LQ FRQVLGHUDWLRQ

RI WKH KDUPRQLF FRPSRQHQWV õDERXW WKUHH WLPHV

RQ DYHUDJHñ WKRXJK LW GHSHQGV RQ WKH LQYHUWHU

RXWSXW IUHTXHQF\ôï

ëô /HDNDJH FXUUHQW IRUP WKH PRWRU õ,JPô

'HWHUPLQH WKH FDSDFLWLHV DQG WKH QXPEHU RI

PRWRUVñ FDOFXODWH WKH WRWDO OHDNDJH FXUUHQW

XVLQJ WKH LQðRSHUDWLRQ OHDNDJH FXUUHQW YDOXH LQ

WKH LQIRUPDWLRQ DQG PXOWLSO\ WKH WRWDO YDOXH

VHYHUDO WLPHV LQ FRQVLGHUDWLRQ RI WKH KDUPRQLF

FRPSRQHQWV õDERXW WKUHH WLPHV RQ DYHUDJHñ

WKRXJK LW GHSHQGV RQ WKH LQYHUWHU RXWSXW

IUHTXHQF\ôï

êô /HDNDJH FXUUHQW RI QRLVH ILOWHU LQ LQYHUWHU LQSXW

VLGH õ,JQôï

:KHQ XVLQJ WKH LQYHUWHUðGHGLFDWHG UDGLR QRLVH

ILOWHU õ)5ð%,)ôñ DGG DSSUR[LPDWHO\ éP$ SHU

ILOWHUï

õ)RU WKH FDOFXODWLRQ RI WKH FRQWLQXRXV OHDNDJH

FXUUHQWñ UHIHU WR WKH û0LWVXELVKL *URXQG )DXOW

%UHDNHU 7HFKQLFDO ,QIRUPDWLRQïûô

õëô6HOHFWLQJ WKH UDWHG VHQVLWLYLW\ FXUUHQW

7KH UDWHG VHQVLWLYLW\ FXUUHQWñ SURWHFWLYH JURXQG

UHVLVWDQFH YDOXH DQG FRQWLQXRXV OHDNDJH FXUUHQW

RI DQ HOHFWULFDO SDWK DUH LQWHUUHODWHGï )URP WKH

VWDQGSRLQW RI SURWHFWLRQ IURP HOHFWULF VKRFNñ WKH

UHODWLRQVKLS EHWZHHQ WKH UDWHG VHQVLWLYLW\ FXUUHQW

DQG SURWHFWLYH JURXQG UHVLVWDQFH YDOXH LV

LPSRUWDQWï )URP WKH VWDQGSRLQW RI XQQHFHVVDU\

RSHUDWLRQ SUHYHQWLRQñ WKH UHODWLRQVKLS EHWZHHQ WKH

UDWHG VHQVLWLYLW\ FXUUHQW DQG OHDNDJH FXUUHQW

FDQQRW EH LJQRUHGï

:KLFK IDFWRU LV JLYHQ SULRULW\ GHSHQGV RQ WKH

FLUFXPVWDQFHVï *HQHUDOO\ñ HVWDEOLVK WKH

UHODWLRQVKLS EHWZHHQ WKH UDWHG VHQVLWLYLW\ FXUUHQW

DQG SURWHFWLYH JURXQG DQG FKHFN IRU SRWHQWLDO

XQQHFHVVDU\ RSHUDWLRQ FDXVHG E\ FRQWLQXRXV

OHDNDJH FXUUHQWï

ìô 6HOHFWLQJ WKH UDWHG VHQVLWLYLW\ FXUUHQWï

)LQG WKH FRQWLQXRXV OHDNDJH FXUUHQW XVLQJ WKH

PHWKRG GHVFULEHG LQ SDUDJUDSK õìô DQG XVH WKH

UDWHG VHQVLWLYLW\ FXUUHQW RI PRUH WKDQ ìí WLPHV

JUHDWHU WKDQ WKH FRQWLQXRXV OHDNDJH FXUUHQWñ

FRQVLGHULQJ D WUDQVLHQW LQUXVK FXUUHQWï 1RWH

WKDW ZKHQ WKH 0LWVXELVKL 1HZ 6XSHU 19 6HULHV

õW\SH 6)ñ &)ô LV XVHG ZLWK WKH LQYHUWHU FLUFXLWñ

WKH KDUPRQLF FRPSRQHQWV DUH FXWï ,Q WKLV FDVHñ

XVH WKH YDOXH ìí WLPHV JUHDWHU WKDQ WKH

FRQWLQXRXV

OHDNDJH FXUUHQW JHQHUDWHG ZKHQ D FRPPHUFLDO

SRZHU VXSSO\ LV XVHGï

ëô $SSOLFDWLRQ WR OHJDOO\ UHVWULFWHG DUHDVï

,Q VRPH DUHDVñ WKH UDWHG VHQVLWLYLW\ FXUUHQW LV

VSHFLILHG E\ WKH HOHFWULFDO IDFLOLW\ VWDQGDUGñ

RFFXSDWLRQDO VDIHW\ DQG KHDOWK UXOHV DQG LQGRRU

ZLULQJ UHJXODWLRQVï :KHQ LQVWDOOLQJ WKH JURXQG

IDXOW EUHDNHU LQ VXFK SODFHVñ VHOHFW WKH UDWHG

VHQVLWLYLW\ FXUUHQW LQ DFFRUGDQFH ZLWK WKHVH

UXOHV DQG UHJXODWLRQVï ,I WKH UDWHG VHQVLWLYLW\

FXUUHQW VHOHFWHG IRU D ODUJH FRQWLQXRXV OHDNDJH

FXUUHQW FDQQRW VDWLVI\ WKH UXOHV DQG UHJXODWLRQVñ

WDNH HLWKHU RI WKH IROORZLQJ PHDVXUHVã

Dô :KHQ WKHUH DUH VHYHUDO ORDGVñ LQVWDOO D

JURXQG IDXOW EUHDNHU IRU HDFK PRWRU DQG

LQYHUWHUï

Eô 5HGXFH WKH OHQJWK RI WKH FDEOH RU LQFUHDVH

WKH GLVWDQFH IURP WKH JURXQGï
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êô ([DPLQDWLRQ IURP WKH VWDQGSRLQW RI HOHFWULF

VKRFN SUHYHQWLRQï

(OHFWULF VKRFN LV GLYLGHG LQWR GLUHFW VKRFN DQG

LQGLUHFW VKRFNï ,Q -DSDQñ SURWHFWLRQ LV JHQHUDOO\

SURYLGHG DJDLQVW LQGLUHFW HOHFWULF VKRFNï 7KH

GHWHUPLQDWLRQ RI WKH UDWHG VHQVLWLYLW\ FXUUHQW LV

UHODWHG WR WKH FRQWDFW YROWDJH DQG WKH

UHVLVWDQFH YDOXH RI FODVV ê HTXLSPHQW

JURXQGLQJ õSURWHFWLYH JURXQGLQJô DQG JHQHUDOO\

WKHUH DUH QR UHVWULFWLRQV RQ WKH UDWHG VHQVLWLYLW\

FXUUHQWï +HQFHñ VHOHFW WKH UDWHG VHQVLWLYLW\

FXUUHQW IURP DPRQJ ìèñ êíñ ìííñ ëíí DQG

èííP$ñ DQG FRQGXFW SURWHFWLYH JURXQGLQJ VR

WKDW WKH SHUPLVVLEOH FRQWDFW YROWDJH LV QRW

H[FHHGHGï

� ëíí9 FODVVðððððð &ODVV ê JURXQGLQJ

õJURXQGLQJ UHVLVWDQFH ìíí:
PD[LPXPô

� éíí9 FODVVðððððð 6SHFLDO FODVV ê JURXQGLQJ

õJURXQGLQJ UHVLVWDQFH ìí:
PD[LPXPô

� :KHQ WKH SRZHU WUDQVIRUPHU LV RI ðFRQQHFWLRQ

QHXWUDO SRLQW JURXQG W\SHñ XVH VSHFLDO FODVV ê

JURXQGLQJ õìí: RU OHVVô EHFDXVH WKH VHQVLWLYLW\

FXUUHQW LV EOXQWHG ZLWK UHVSHFW WR D JURXQG IDXOW

RQ WKH VHFRQGDU\ VLGH RI WKH LQYHUWHUï

õêô&KDUDFWHULVWLFV DQG RSHUDWLRQDO LQVWUXFWLRQV IRU

WKH JURXQG IDXOW LQWHUUXSWHU

ìô :KHQ WKH )5ð$ëíí VHULHV LQYHUWHU LV XVHGñ WKH

OHDNDJH FXUUHQW LQFUHDVHV LQ KDUPRQLF FXUUHQW

FRPSRQHQW DV FRPSDUHG WR D FRQYHQWLRQDO

LQYHUWHUñ UHVXOWLQJ LQ D ODUJHU FRQWLQXRXV

OHDNDJH FXUUHQWï :KHQ D UHFHQW JURXQG IDXOW

LQWHUUXSWHU SURYLGHG ZLWK D KDUPRQLF HOLPLQDWLQJ

FLUFXLW WR SUHYHQW PDOIXQFWLRQ õHïJï 0LWVXELVKL

6XSHU 6FUXP 6HULHVô LV XVHGñ VHOHFWLRQ FDQ EH

PDGH LQ WKH VDPH ZD\ DV LQ WKH FRQYHQWLRQDO

LQYHUWHU õVHH VHFWLRQ ëïçïèôï

:KHQ WKH )5ð$ëíí VHULHV LV XVHG ZLWK WKH

JURXQG IDXOW LQWHUUXSWHU ZKLFK LV QRW SURYLGHG

ZLWK WKH KDUPRQLF HOLPLQDWLQJ FLUFXLWñ D

PDOIXQFWLRQ PD\ RFFXUï 7KHUHIRUHñ LW LV

UHFRPPHQGHG WR XVH WKH JURXQG IDXOW

LQWHUUXSWHU SURYLGHG ZLWK WKH PDOIXQFWLRQ

SUHYHQWLQJ FLUFXLWï

ëô ,QVWDOO WKH JURXQG IDXOW LQWHUUXSWHU LQ WKH SRZHU

VXSSO\ VLGH RI WKH LQYHUWHUï õ3URSHU RSHUDWLRQ LV

QRW SHUIRUPHG LI LW LV LQVWDOOHG LQ WKH ORDG VLGHïô

êô ,I D JURXQG IDXOW RFFXUV LQ WKH SRZHU VXSSO\

VLGH RI WKH LQYHUWHUñ WKH JURXQG IDXOW LQWHUUXSWHU

RSHUDWHV SURSHUO\ñ SRVLQJ QR SUREOHPï

,I D JURXQG IDXOW RFFXUV LQ WKH ORDG VLGH RI WKH

LQYHUWHUñ WKH VHQVLWLYLW\ FXUUHQW RI WKH JURXQG

IDXOW LQWHUUXSWHU PD\ FKDQJH GHSHQGLQJ RQ WKH

RSHUDWLQJ VWDWXV õRXWSXW IUHTXHQF\ô RI WKH

LQYHUWHUï 7KLV LV PDLQO\ EHFDXVH WKH ZDYHIRUP

RI WKH JURXQG IDXOW FXUUHQW LV QRW D VLQXVRLGDO

ZDYH EXW DQ $& QRQðVLQXVRLGDO ZDYH LQFOXGLQJ

KDUPRQLF DQG '& FRPSRQHQWVï

éô ,Q -DSDQ LQVWDOODWLRQ RI DQ HDUWK OHDNDJH FLUFXLW

EUHDNHU LV PDQGDWHG E\ WKH û7HFKQRORJLFDO

%DVHOLQH 5HODWHG WR (OHFWULFDO (TXLSPHQWñ

$UWLFOH éìû DQG û2FFXSDWLRQDO 6DIHW\ DQG

+HDOWK 5XOHVñ $UWLFOHV êêêñ êêéûï )RU IXOO

LQIRUPDWLRQñ UHIHU WR WKH FRUUHVSRQGLQJ

RUGLQDQFHVï
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ëïçïä )UHTXHQF\ 0HWHU DQG &DOLEUDWLRQ 5HVLVWRU

$ PDQXDO FRQWUROOHU ZLWK IUHTXHQF\ PHWHU õVXFK DV

WKH )5ð$;ô LV DYDLODEOHï :KHQ RQO\ D IUHTXHQF\

PHWHU LV LQVWDOOHG VHSDUDWHO\ñ XVH DQ LQVWUXPHQW RI

WKH IROORZLQJ VSHFLILFDWLRQVã

0RYLQJðFRLO '& DPPHWHU

)XOO VFDOH ìP$ õLQWHUQDO UHVLVWDQFH êíí: PD[ïô

*UDGXDWLRQVã çíñ ìëíñ ëéí+] LQ IXOO VFDOHï

$OWHUQDWLYHO\ñ JUDGXDWH LQ USP

DFFRUGLQJ WR WKH QXPEHU RI SROHV RI

WKH PRWRU XVHGï

6LQFH WKH IUHTXHQF\ PHWHU WHUPLQDO )0 RQ WKH

LQYHUWHU GHYHORSV DERXW è9'& DW WKH PD[LPXP

IUHTXHQF\ñ FDOLEUDWH WKH IUHTXHQF\ PHWHU XVLQJ WKH

YDULDEOH UHVLVWRU KDYLQJ WKH IROORZLQJ VSHFLILFDWLRQVï

7KH YDULDEOH UHVLVWRU LV QRW UHTXLUHG ZKHQ FDOLEUDWLRQ

LV PDGH ZLWK WKH SDUDPHWHU XQLWï
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ëïçïìí 7ZLVWHG DQG 6KLHOGHG &DEOHV

([DPSOHã 7ZLVWHG FDEOH

7\SHã .9ðë& u íïê64 õ2SWHF 'DLð,FKL 'HQNRô

&KDUDFWHULVWLFV RI D 6LQJOH &DEOH
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õPPëô

)LQLVK 2' õPPô 6WUXFWXUH

õZLUHVîPPô

&RQGXFWRU

UHVLVWDQFH
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3HUPLVVLEOH

WHPSHUDWXUH õq&ô
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([DPSOHã 0XOWLðFRUH VKLHOGHG FDEOH

7\SHã 9&7ð6ê& u íïè64 õ7RNLZD &DEOHô

&KDUDFWHULVWLFV RI D 6LQJOH &DEOH
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ëéè

ëïæ 3DQHO 'HVLJQ

,Q GHVLJQLQJ DQG PDQXIDFWXULQJ LQYHUWHU SDQHOVñ

KHDW JHQHUDWHG E\ HTXLSPHQW KRXVHG LQ WKH SDQHOñ

WKH RSHUDWLQJ HQYLURQPHQW HWFï PXVW EH IXOO\

FRQVLGHUHG WR GHWHUPLQH WKH VWUXFWXUHñ GLPHQVLRQV

DQG GHYLFH OD\RXW RI WKH SDQHOï

0DQ\ VHPLFRQGXFWRU GHYLFHV DUH XVHG LQ WKH

LQYHUWHU XQLWï 7R HQVXUH KLJK UHOLDELOLW\ DQG D ORQJ

SHULRG RI XVH WKH LQYHUWHU VKRXOG EH RSHUDWHG LQ DQ

DPELHQW HQYLURQPHQW ZKHUH WKH VSHFLILFDWLRQV RI

WKH HTXLSPHQW DUH IXOO\ VDWLVILHGï

ëïæïì ,QVWDOODWLRQ (QYLURQPHQW RI WKH ,QYHUWHU

7KH VWDQGDUG VSHFLILFDWLRQV RI WKH LQYHUWHU

LQVWDOODWLRQ HQYLURQPHQW DUH LQGLFDWHG EHORZï ,I WKH

LQYHUWHU LV XVHG LQ D SODFH EH\RQG DQ\ RI WKH

LQGLFDWHG FRQGLWLRQVñ LWV SHUIRUPDQFH DQG OLIH ZLOO

QRW RQO\ EH GHWHULRUDWHG EXW DOVR OHDG WR D IDXOWï 7R

SURWHFW WKH LQYHUWHUñ WDNH VXIILFLHQW PHDVXUHV LQ

DFFRUGDQFH ZLWK WKH IROORZLQJ SUHFDXWLRQVã

6WDQGDUG (QYLURQPHQWDO 5HVLVWDQFH 6SHFLILFDWLRQV

RI WKH ,QYHUWHU

,WHP 6SHFLILFDWLRQV

$PELHQW

WHPSHUDWXUH
ðìí WR ò èíq& õQRQðIUHH]LQJô

$PELHQW

KXPLGLW\
äíø PD[LPXP õQRQðFRQGHQVLQJô

$PELHQFH
1R FRUURVLYH DQG H[SORVLYH JDVHVï 1R GXVW

DQG GLUWï

$OWLWXGH ìíííP PD[LPXP

9LEUDWLRQ
èïäPîVë ^íïç*` PD[LPXP

õFRQIRUPLQJ WR -,6 &íäììô

õìô7HPSHUDWXUH

7KH LQYHUWHU PXVW EH XVHG ZLWKLQ WKH SHUPLVVLEOH

DPELHQW WHPSHUDWXUH UDQJH IURP ð ìí WR ò èíq&ï
,I LW LV XVHG RXWVLGH WKLV UDQJHñ LWV

VHPLFRQGXFWRUVñ SDUWVñ FDSDFLWRUñ HWFï ZLOO EH

GHWHULRUDWHG FRQVLGHUDEO\ï 7DNH WKH IROORZLQJ

PHDVXUHV VR WKDW WKH DPELHQW WHPSHUDWXUH RI WKH

LQYHUWHU IDOOV ZLWKLQ WKH VSHFLILHG YDOXHï

ìô 0HDVXUHV DJDLQVW KLJK WHPSHUDWXUH

Dô $GRSW D FRROLQJ PHWKRG VXFK DV IRUFHG

YHQWLODWLRQ V\VWHPï õ6HH 6HFWLRQ ëïæïéïô

Eô ,QVWDOO WKH SDQHO LQ DQ DLUðFRQGLWLRQHG

HOHFWULFDO URRPï

Fô %ORFN GLUHFW VXQOLJKWï

Gô 3URYLGH D PDVNLQJ VKLHOG VR WKDW WKH SDQHO

LV QRW H[SRVHG WR WKH UDGLDQW KHDW DQG

ZDUP DLU RI D KHDW VRXUFHï

Hô ,PSURYH YHQWLODWLRQ DURXQG WKH SDQHOï

ëô 0HDVXUHV DJDLQVW ORZ WHPSHUDWXUH

Dô 3URYLGH D VSDFH KHDWHU LQVLGH WKH SDQHOï

Eô 'R QRW VZLWFK RII WKH LQYHUWHU SRZHUï õ7KH

LQYHUWHU VWDUW VLJQDO VKRXOG EH RIIïô

êô 6XGGHQ WHPSHUDWXUH FKDQJHV

Dô ,QVWDOO WKH SDQHO LQ D SODFH ZKHUH VXGGHQ

WHPSHUDWXUH FKDQJHV GR QRW RFFXUï

Eô $YRLG DUHDV E\ DQ DLU RXWOHW RI DQ DLU

FRQGLWLRQHUï

Fô ,I WHPSHUDWXUH FKDQJHV RFFXU GXH WR GRRU

RSHQLQJñ LQVWDOO WKH SDQHO DZD\ IURP WKH

GRRUï

õëô+XPLGLW\

8VH WKH LQYHUWHU LQ WKH RSHUDWLQJ KXPLGLW\ UDQJH

IURP éè WR äíøï ,I KXPLGLW\ LV WRR KLJKñ LQVXODWLRQ

ZLOO EH GHWHULRUDWHG DQG WKH PHWDO DUHD FRUURGHGï

,Q FRQWUDVWñ LI KXPLGLW\ LV WRR ORZñ WKURXJKðDLU

LQVXODWLRQ EUHDNGRZQ PD\ RFFXUï 7KH LQVXODWLRQ

GLVWDQFH VWLSXODWHG LQ -(0ììíê û,QVXODWLQJ

'HYLFHV IRU &RQWURO (TXLSPHQWû SURYLGHV IRU WKH

KXPLGLW\ RI éè WR åèøï

ìô 0HDVXUHV DJDLQVW KLJK KXPLGLW\

Dô 8VH DQ HQFORVHG SDQHO ZLWK PRLVWXUH

DEVRUEHUï

Eô %ORZ GU\ DLU LQWR WKH SDQHO IURP RXWVLGHï

Fô 3URYLGH D VSDFH KHDWHU LQVLGH WKH SDQHOï

ëô 0HDVXUHV DJDLQVW ORZ KXPLGLW\

%ORZ SURSHUO\ KXPLG DLU LQWR WKH SDQHO IURP

WKH RXWVLGHï ,Q DGGLWLRQñ ZKHQ LQVWDOOLQJ RU

FKHFNLQJ WKH XQLW LQ WKLV VWDWHñ LW LV LPSRUWDQW WR

GLVFKDUJH WKH FKDUJH õVWDWLF HOHFWULFLW\ô RI WKH

KXPDQ ERG\ LQ DGYDQFH DQG DOVR LPSRUWDQW

QRW WR PDNH FRQWDFW ZLWK LQWHUQDO SDUWV DQG

GHYLFHVï

êô 0HDVXUHV DJDLQVW FRQGHQVDWLRQ

&RQGHQVDWLRQ PD\ RFFXU LI WHPSHUDWXUH LQ WKH

SDQHO FKDQJHV VXGGHQO\ GXH WR IUHTXHQW

SRZHU RQîRII VZLWFKLQJ RU LI DWPRVSKHULF

WHPSHUDWXUH FKDQJHV VXGGHQO\ï

&RQGHQVDWLRQ ZLOO FDXVH LQVXODWLRQ WR EH

GHWHULRUDWHG DQG FRUURVLRQ WR RFFXUï

Dô 7DNHPHDVXUHV DJDLQVW KLJK KXPLGLW\ DV LQ õìôï

Eô 'R QRW VZLWFK RII LQYHUWHU SRZHUï õ7KH

LQYHUWHU VWDUW VLJQDO VKRXOG EH RIIïô
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õêô'XVWñ GLUWñ RLO PLVW

'XVW DQG GLUW ZLOO FDXVH VXFK IDXOWV DV FRQWDFW

IDXOW RI FRQWDFW DUHDVñ LQVXODWLRQ GHWHULRUDWLRQ

GXH WR PRLVWXUH DEVRUSWLRQ E\ DFFXPXODWHG GXVW

DQG GLUWñ FRROLQJ HIIHFW UHGXFWLRQ DQG

WHPSHUDWXUH ULVH LQ WKH SDQHO GXH WR D FORJJHG

ILOWHUï ,Q DQ HQYLURQPHQW ZKHUH FRQGXFWLYH

SRZGHUV DUH IORDWLQJñ IDXOWV VXFK DV PDOIXQFWLRQñ

LQVXODWLRQ GHWHULRUDWLRQ DQG VKRUW FLUFXLW ZLOO

RFFXU LQ D VKRUW WLPHï

6LQFH RLO PLVW ZLOO FDXVH VLPLODU FLUFXPVWDQFHVñ

VXIILFLHQW FRXQWHUPHDVXUHV PXVW EH WDNHQï

0HDVXUHV

Dô +RXVH WKH LQYHUWHU LQ DQ HQFORVHG SDQHOï

,I WKH WHPSHUDWXUH LQ WKH SDQHO ULVHVñ WDNH

DSSURSULDWH FRXQWHUPHDVXUHVï õ6HH 6HFWLRQV

ëïæïê DQG ëïæïéïô

Eô &RQGXFW DQ DLU SXUJHï

3XPS FOHDQ DLU IURP RXWVLGH VR WKDW WKH LQQHU

SUHVVXUH RI WKH SDQHO LV PDGH KLJKHU WKDQ WKH

DWPRVSKHULF DLUï

õéô&RUURVLYH JDVñ VHD EUHH]H

:KHQ WKH SDQHO LV LQVWDOOHG LQ SODFHV VXVFHSWLEOH

WR FRUURVLYH JDV RU VHD EUHH]Hñ WKH SULQWHG FLUFXLW

ERDUG SDWWHUQV DQG SDUWV ZLOO EH FRUURGHG DQGîRU

FRQWDFW IDXOWV RI WKH UHOD\V DQG VZLWFKHV ZLOO

RFFXUï

,Q VXFK SODFHVñ WDNH PHDVXUHV õDô DQG õEô LQ

3DUDJUDSK õêôï

õèô([SORVLYH DQG IODPPDEOH JDVHV

'HVLJQHG WR EH QRQðH[SORVLRQðSURRIñ WKH LQYHUWHU

PXVW EH KRXVHG LQ DQ H[SORVLRQðSURRI SDQHOï ,I

XVHG LQ DQ\ SODFH ZKHUH DQ H[SORVLRQ PD\ RFFXU

GXH WR H[SORVLYH JDVHVñ GXVW DQGîRU GLUWñ WKH

SDQHO PXVW FRQIRUP LQ VWUXFWXUH WR WKH EDVLF

JXLGHOLQH RI WKH ODZ DQG EH RIILFLDOO\ DSSURYHGñ

UHVXOWLQJ LQ KLJKHU SULFHï 7KH EHVW ZD\ LV WR DYRLG

VXFK D SODFH DQG VHOHFW D QRQðKD]DUGRXV SODFHï

õ6HH 6HFWLRQ ëïêïæïô

õçô+LJK DOWLWXGH RSHUDWLRQ

8VH WKH LQYHUWHU DW WKH DOWLWXGH RI QRW PRUH WKDQ

ìíííPï ,I XVHG DW KLJKHU WKDQ ìíííPñ WKH

FRROLQJ HIIHFW LV OLDEOH WR UHGXFH GXH WR WKLQ DLU

DQG WKH GLHOHFWULF VWUHQJWK LV OLDEOH WR GHWHULRUDWH

GXH WR UHGXFHG DWPRVSKHULF SUHVVXUHï

õæô9LEUDWLRQñ LPSDFW

7KH YLEUDWLRQ UHVLVWDQFH RI WKH LQYHUWHU LV

èïäPîVë ^íïç*` PD[LPXP DW WKH YLEUDWLRQ

IUHTXHQF\ RI ìí WR èè+] DQG DPSOLWXGH RI ìPPñ

FRQIRUPLQJ WR -,6 &íäììï ,I OHVV WKDQ WKH

VSHFLILHG YDOXHñ YLEUDWLRQ RU LPSDFW DSSOLHG IRU D

ORQJ WLPH PD\ FDXVH PHFKDQLVP ORRVHQHVVñ

FRQQHFWRU FRQWDFW IDXOW HWFï

&DUH PXVW EH WDNHQ HVSHFLDOO\ ZKHQ LPSDFW LV

DSSOLHG UHSHDWHGO\ñ VLQFH SDUW PRXQWLQJ SLQ

EUHDNDJH RU RWKHU DFFLGHQWV DUH OLNHO\ WR RFFXUï

&RXQWHUPHDVXUHV

Dô 3URYLGH UXEEHU YLEUDWLRQ LQVXODWRUV LQ WKH

SDQHOï

Eô 6WUHQJWKHQ WKH VWUXFWXUH RI WKH SDQHO WR

SUHYHQW UHVRQDQFHï

Fô ,QVWDOO WKH SDQHO DZD\ IURP WKH VRXUFH RI

YLEUDWLRQï
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2.7.2 Heat generated by inverter and related devices

Heat Generated by Inverter and Related Devices

Inverter-Generated Heat [W]
High Power Factor Converter

(Note 1)

A500 E500Motor

Capacity

[kW] 200V

class

400V

class

100V,

200V

class

(Note 1)

400V

class

Power

Return

Converter

(Note 1)

FR-RC

[W]

FR-HCL01

[W]

FR-HCL02

[W]

FR-HC

[W]

Power Factor

Improving DC

Reactor

(Note 2)

FR-BEL

[W]

Power Factor

Improving AC

Reactor

(Note 2)

FR-BAL

[W]

Surge

Suppression

Filter

FR-ASF-H

[W]

0.1   16        
0.2   20        
0.4 55 50 45 40     2 6 

0.75 70 70 50 55     3 8 
1.5 110 100 85 90     6 16 75

2.2 150 150 100 110     8 15 
3.7 230 220 160 180     14 21 129

5.5 310 285 310 260     19 30 
7.5 420 390 420 390  65 154 440 25 30 216

11 570 500       31 45 
15 700 685   500 100 218 860 36 55 342

18.5 920 830       40 60 
22 1120 955       52 65 450

30 1160 1200   1020 163 316 1750 60 90 
37 1380 1590       67 110 670

45 1810 1920       95 140 
55 2400 2450   1790 234 473 2700 100 170 1010

Note: 1. The values of heat generated by the single-phase 100V class, single-phase 200V class and three-phase 200V class are the

same.

2. The heat generated by the 200V class is the same as that generated by the 400V class.

3. The inverter-generated heat indicated is that of the model having the same capacity as the motor.

4. The heat generated by the FR-A500 series 7.5K or less does not include the heat generated by the built-in brake resistor.

Heat generated by other equipment
l Radio noise filter FR-BIF(-H) : 4W or less
l Line noise filter FR-BLF : 4W or less
l Line noise filter FR-BSF01 : 4W or less
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ëïæïê 6SHFLILFDWLRQ RI HQFORVHG SDQHO

)RU WKH )5ð$èíí VHULHVñ WKH LQVWDOODWLRQ RI WKH

VHPLFRQGXFWRU KHDW VLQN DQG EUDNH UHVLVWRU

RXWVLGH WKH SDQHO DOORZV KHDW JHQHUDWHG LQ WKH

SDQHO WR EH JUHDWO\ UHGXFHG WR êíø DQG D FRPSDFW

HQFORVXUH WR EH GHVLJQHGï 7KH IROORZLQJ WDEOH OLVWV

WKH KHDW GLVVLSDWLRQ DUHD DQG DSSUR[LPDWH

GLPHQVLRQV RI WKH HQFORVHG GXVWðSURRI SDQHO ZLWK

UHVSHFW WR WKH ORVV õ:ôï

+HDW 'LVVLSDWLRQ $UHD RI WKH
(QFORVHG 'XVWð3URRI &RQWURO 3DQHO

õ+HDW VLQN RXWVLGH SDQHOô

(QFORVHG 'XVWð3URRI 7\SH õ,3è;ô

,QYHUWHU &DSDFLW\
/RVV

õ5DWHGô

õ:ô

$UHD

UHTXLUHG IRU

KHDW

GLVVLSDWLRQ

õPëô

$SSUR[LPDWH ER[

GLPHQVLRQV

õPPô

)5ð$èëíðíïé.

)5ð$èëíðíïæè.
+HDW VLQN PXVW QRW EH SODFHG RXWVLGH

)5ð$èëíðìïè. êê íïèè êíí:uèíí+uëèí'

)5ð$èëíðëïë. éè íïæè éíí:uèíí+uëèí'

)5ð$èëíðêïæ. çä ìïë èíí:u èíí+uéíí'

)5ð$èëíðèïè. äê ìïç èíí:uåíí+uéíí'

)5ð$èëíðæïè. ìëç ëïì çíí:uåíí+uçíí'

)5ð$èëíðìì. ìæì ëïä åíí:uåíí+uçíí'

)5ð$èëíðìè. ëìí êïè åíí:uìííí+uçíí'

)5ð$èëíðìåïè. ëæç éïç åíí:uìííí+uìííí'

)5ð$èëíðëë. êêç èïç ìííí:uìííí+uìííí'

)5ð$èëíðêí. êéå èïå ìííí:uìííí+uìííí'

)5ð$èëíðêæ. éìé çïä ìííí:uìèíí+uìííí'

)5ð$èëíðéè. èéê äïì ìèíí:uìèíí+uìííí'

)5ð$èëíðèè. æëí ìëïí ëííí:uìèíí+uìííí'

)5ð$èéíðíïé. ìè íïê êíí:uèíí+uìèí'

)5ð$èéíðíïæè. ëì íïé êíí:uèíí+uìèí'

)5ð$èéíðìïè. êí íïè êíí:uèíí+uëèí'

)5ð$èéíðëïë. éè íïå éíí:uèíí+uëèí'

)5ð$èéíðêïæ. çç ìïì èíí:uèíí+uéíí'

)5ð$èéíðèïè. åèïè ìïè èíí:uåíí+uéíí'

)5ð$èéíðæïè. ììæ ëïí èíí:uåíí+uçíí'

)5ð$èéíðìì. ìèí ëïè çíí:uåíí+uçíí'

)5ð$èéíðìè. ëíèïè êïè åíí:uìííí+uçíí'

)5ð$èéíðìåïè. ëéä éïë åíí:uìííí+uåíí'

)5ð$èéíðëë. ëåçïè éïå ìííí:uìííí+uåíí'

)5ð$èéíðêí. êçí çïí ìëíí:uìííí+uìííí'

)5ð$èéíðêæ. éææ åïí ìëíí:uìèíí+uìííí'

)5ð$èéíðéè. èæç äïç ìèíí:uìèíí+uìííí'

)5ð$èéíðèè. æêè ìëïê ëííí:uèíí+uìííí'

+HDW 'LVVLSDWLRQ $UHD RI WKH
(QFORVHG 'XVWð3URRI &RQWURO 3DQHO

õ$OO XQLWV FRQWDLQHG LQ SDQHOô

(QFORVHG 'XVWð3URRI 7\SH õ,3è;ô

,QYHUWHU

&DSDFLW\

/RVV

õ5DWHGô

õ:ô

$UHD

UHTXLUHG IRU

KHDW

GLVVLSDWLRQ

õPëô

$SSUR[LPDWH ER[

GLPHQVLRQV

õPPô

)5ð$èëíðíïé. èè íïäë éíí:uçíí+uëèí'

)5ð$èëíðíïæè. æí ìïë èèí:uçíí+uëèí'

)5ð$èëíðìïè. ììí ìïä èèí:uåíí+uéíí'

)5ð$èëíðëïë. ìèí ëïè åíí:uåíí+uéíí'

)5ð$èëíðêïæ. ëêí êïä äíí:uìííí+uçíí'

)5ð$èëíðèïè. êìí èïë ìëíí:uìëíí+uçíí'

)5ð$èëíðæïè. éëí æïí ìéíí:uìèíí+uçíí'

)5ð$èëíðìì. èæí äïè ëííí:uìèíí+uçíí'

)5ð$èëíðìè. æíí ììïæ ëííí:uìèíí+uìííí'

)5ð$èëíðìåïè. äëí ìèïé ëííí:uëííí+uìííí'

)5ð$èëíðëë. ììëí ìåïæ ëèíí:uëííí+uìííí'

)5ð$èëíðêí. ììçí ìäïé êííí:uëííí+uìííí'

)5ð$èëíðêæ. ìêåí ëêïí êííí:uëííí+uìëíí'

)5ð$èëíðéè. ìåìí êíïë éííí:uëííí+uìëíí'

)5ð$èëíðèè. ëéíí éíïí èèíí:uëííí+uìëíí'

)5ð$èéíðíïé. èí íïåé êèí:uçíí+uëèí'

)5ð$èéíðíïæè. æí ìïë èèí:uçíí+uëèí'

)5ð$èéíðìïè. ìíí ìïæ èèí:uåíí+uéíí'

)5ð$èéíðëïë. ìèí ëïè åíí:uåíí+ éíí'

)5ð$èéíðêïæ. ëëí êïæ äíí:ìííí+uçíí'

)5ð$èéíðèïè. ëåè éïå ìëíí:uìííí+uçíí'

)5ð$èéíðæïè. êäí çïè ìëíí:uìèíí+uçíí'

)5ð$èéíðìì. èíí åïé ìçíí:uìèíí+uçíí'

)5ð$èéíðìè. çåè ììïè ìåíí:uìèíí+uìííí'

)5ð$èéíðìåïè. åêí ìêïä ìåíí:uëííí+uìííí'

)5ð$èéíðëë. äèè ìçïí ëííí:uëííí+uìííí'

)5ð$èéíðêí. ìëíí ëíïí êííí:uëííí+uìííí'

)5ð$èéíðêæ. ìèäí ëçïè êèíí:uëííí+uìëíí'

)5ð$èéíðéè. ìäëí êëïí éèíí:uëííí+uìëíí'

)5ð$èéíðèè. ëéèí éíïä çííí:uëííí+uìëíí'

1RWHã ìï ,3è;ðððððððððððððð7\SH FODVVLILHG E\ -(0ìíêí

ëï 7KH EXLOWðLQ EUDNH UHVLVWRU ORVV LV QRW LQFOXGHGï

êï 7KH YDOXHV LQ WKH DERYH WDEOH GHSHQG RQ WKH RSHUDWLQJ FRQGLWLRQV DQG DPELHQW WHPSHUDWXUHï õ+HDW JHQHUDWHG E\ RWKHU

HTXLSPHQW KDV QRW EHHQ WDNHQ LQWR FRQVLGHUDWLRQïô

éï 7KH YDOXHV LQ WKH DERYH WDEOH LQGLFDWH DUHDV HIIHFWLYH IRU KHDW GLVVLSDWLRQï

èï :KHQ WKH KHDW VLQN LV LQVWDOOHG RXWVLGH WKH SDQHOñ WKH ORVV LQGLFDWHV WKH KHDW JHQHUDWHG E\ WKH LQYHUWHU XQLW LQ WKH SDQHOï
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ëèí

ëïæïé &RROLQJ RI ,QYHUWHU 3DQHO

õìô&RROLQJ PHWKRG

7KH SDQHO KRXVLQJ WKH LQYHUWHU PXVW HIILFLHQWO\

GLVVLSDWH KHDW JHQHUDWHG E\ WKH LQYHUWHU DQG

RWKHU GHYLFHV õWUDQVIRUPHUñ ODPSVñ UHVLVWRUV HWFïô

DQG KHDW HQWHULQJ IURP WKH RXWVLGHñ HïJï GLUHFW

VXQOLJKWñ WR NHHS WKH WHPSHUDWXUH LQVLGH WKH

SDQHO OHVV WKDQ WKH SHUPLVVLEOH WHPSHUDWXUH RI

WKH HTXLSPHQW LQ WKH SDQHO LQFOXGLQJ WKH LQYHUWHUï

7KH FRROLQJ PHWKRG LV FODVVLILHG DV IROORZV

DFFRUGLQJ WR WKH FDOFXODWLRQ PHWKRG RI FRROLQJã

ìô &RROLQJ E\ QDWXUDO KHDW GLVVLSDWLRQ IURP WKH

SDQHO VXUIDFH õWRWDOO\ HQFORVHG SDQHOôï

ëô &RROLQJ E\ KHDW VLQN õDOXPLQXP KHDW VLQN HWFïôï

êô &RROLQJ E\ YHQWLODWLRQ õIRUFHG GUDIWñ SLSLQJ

GUDIWôï

éô &RROLQJ E\ KHDW H[FKDQJHU RU FRROLQJ

HTXLSPHQW õKHDW SLSHñ FRROHU HWFïôï

7\SHV RI ,QYHUWHU 3DQHO &RROLQJ

&RROLQJ

0HWKRG

3DQHO

6WUXFWXUH
5HPDUNV

1DWXUDO

YHQWLODWLRQ

õHQFORVHGñ

RSHQ W\SHô

,19

/RZ LQ FRVW DQG JHQHUDOO\

XVHGñ EXW SDQHO

GLPHQVLRQV LQFUHDVH LQ

SURSRUWLRQ WR LQYHUWHU

FDSDFLW\ï )RU UHODWLYHO\

VPDOO FDSDFLW\ï

1
DW
XU
DO
FR
RO
LQ
J

1DWXUDO

YHQWLODWLRQ

õWRWDOO\

HQFORVHG

W\SHô

,19

0RVW VXLWDEOH IRU XVH LQ

KRVWLOH HQYLURQPHQW

KDYLQJ GXVWñ GLUWñ RLO PLVW

HWFï

3DQHO GLPHQVLRQV PD\ EH

ODUJH GHSHQGLQJ RQ

LQYHUWHU FDSDFLW\ï

)LQ FRROLQJ
,19

)LQ 7KHUH DUH UHVWULFWLRQV RQ

ILQ LQVWDOODWLRQ SODFH DQG

DUHDï )RU UHODWLYHO\ VPDOO

FDSDFLW\ï

)RUFHG

YHQWLODWLRQ
,19

)RU JHQHUDO LQGRRU

LQVWDOODWLRQï 6XLWDEOH IRU

UHGXFWLRQ LQ SDQHO VL]H

DQG FRVWñ RIWHQ XVHGï

)
RU
FH
G
FR
RO
LQ
J

+HDW SLSH ,19

+HDW SLSH

7RWDOO\ HQFORVHG W\SH

DOORZLQJ WKH SDQHO WR EH

FRPSDFWï

õëô&RROLQJ HIIHFW FDOFXODWLRQ

ìô &DOFXODWLRQ RI KHDW GLVVLSDWLRQ HQHUJ\ E\

QDWXUDO KHDW GLVVLSDWLRQ IURP SDQHO VXUIDFHã

:ì  .ì u $ u 'W
:ì ã +HDW GLVVLSDWLRQ HQHUJ\ SHU VHFRQG >:@

$ ã (IIHFWLYH KHDW GLVVLSDWLRQ DUHD >Pë@

'W ã 7HPSHUDWXUH GLIIHUHQFH EHWZHHQ LQVLGH

DQG RXWVLGH WKH SDQHO >q&@
.ì ã ç >:îPë xq&@
Dô 7KH HIIHFWLYH KHDW GLVVLSDWLRQ DUHD GRHV QRW

LQFOXGH FRQVWUXFWLRQVñ VXFK DV D IORRU DQG

ZDOOVñ DQG DQ\ VXUIDFH SUR[LPDWH WR WKH RWKHU

SDQHOVï

,W GRHV QRW LQFOXGH WKH LQVWDOODWLRQ DUHDV RI

YHQWVñ KHDW VLQNV DQG KHDW H[FKDQJHUV

HLWKHUï

Eô 7KH WHPSHUDWXUH LQ WKH SDQHO VKRXOG EH NHSW

FRQVWDQW E\ DQ DJLWDWLQJ IDQï

Fô &RQVWDQW .ì LV LQGLFDWHG DV D UHIHUHQFH

YDOXH EHFDXVH LW GHSHQGV RQ WKH SDQHO

VWUXFWXUHñ SDUWV OD\RXW LQ WKH SDQHOñ DQG

DPELHQW WHPSHUDWXUHï

ëô &DOFXODWLRQ RI KHDW GLVVLSDWLRQ HQHUJ\ IURP

KHDW VLQNã

:ë  1 u .ë u 'W
:ë ã +HDW GLVVLSDWLRQ HQHUJ\ SHU VHFRQG >:@

1 ã 1XPEHU RI KHDW VLQN XQLWV >SLHFHV@

'W ã 7HPSHUDWXUH GLIIHUHQFH EHWZHHQ LQVLGH

DQG RXWVLGH WKH SDQHO >q&@
.ë ã +HDW GLVVLSDWLRQ FDSDELOLW\ RI RQH KHDW

VLQN XQLW >:î q&@

êô &DOFXODWLRQ RI KHDW GLVVLSDWLRQ HQHUJ\ E\

YHQWLODWLRQã

4
:ê  .ê u

çí
u 'W

:ê ã +HDW GLVVLSDWLRQ HQHUJ\ SHU VHFRQG >:@

4 ã $LU IORZ >PêîPLQ@

'W ã 7HPSHUDWXUH GLIIHUHQFH EHWZHHQ LQVLGH

DQG RXWVLGH WKH SDQHO >q&@
.ê ã ììçí>-îPê x q&@

éô &DOFXODWLRQ RI KHDW GLVVLSDWLRQ HQHUJ\ E\ KHDW

H[FKDQJHU RU FRROHUã

:é  .é u +
:é ã +HDW GLVVLSDWLRQ HQHUJ\ SHU VHFRQG >:@

+ ã &RROLQJ FDSDELOLW\ >NFDOîK@

.é ã ìïìç >:KîNFDO@
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ëïæïè 1RWHV RQ ,QVWDOODWLRQ RI ,QYHUWHU LQ D 3DQHO

õìô3RVLWLRQ RI LQYHUWHU LQVWDOODWLRQ

ìô &OHDUDQFHV DURXQG WKH LQYHUWHUï

7R HQVXUH SURSHU KHDW GLVVLSDWLRQ DQG HDV\

DFFHVVñ OHDYH DW OHDVW WKH IROORZLQJ GLVWDQFHV

EHWZHHQ WKH LQYHUWHU DQG RWKHU GHYLFHV RU

SDQHO ZDOOVï 7KH IROORZLQJ PLQLPXP GLVWDQFHV

PXVW EH OHIW XQGHU WKH LQYHUWHU DV ZLULQJ VSDFH

DQG DERYH WKH LQYHUWHU DV GLVVLSDWLRQ VSDFH

1RWHã ìíPP RU PRUH IRU DQ LQYHUWHU RI êïæ. RU

EHORZï

õ1RWHô
èíPP
RU

PRUH

õ1RWHô
èíPP
RU

PRUH

ìííPP RU PRUH

ìííPP RU PRUH

õ1RWHô
èíPP
RU

PRUH

)URQW IDFH 6LGH IDFH

,QYHUWHU ,QYHUWHU

&OHDUDQFHV DURXQG WKH ,QYHUWHU

ëô ,QVWDOODWLRQ GLUHFWLRQ RI WKH LQYHUWHUï

,QVWDOO WKH LQYHUWHU RQ D ZDOO VXUIDFH DV

VSHFLILHGï 'R QRW LQVWDOO LW KRUL]RQWDOO\ RU LQ DQ\

RWKHU PDQQHUï

êô 7RS RI WKH LQYHUWHUï

+HDW LQ WKH LQYHUWHU JRHV XS IURP WKH ERWWRP

WR WRS E\ WKH EXLOWðLQ IDQï 7KHUHIRUHñ GHYLFHV

LQVXVFHSWLEOH WR KHDW FDQ EH LQVWDOOHG DERYH

WKH LQYHUWHUï

7KH DPELHQW WHPSHUDWXUH VKRXOG EH èíq&
PD[LPXP DW D SRVLWLRQ èíPP DZD\ IURP WKH

ERWWRP FHQWHU RI WKH LQYHUWHUï

éô 3RVLWLRQV RI WZR RU PRUH LQYHUWHUV KRXVHG LQ RQH

SDQHOï

:KHQ VHYHUDO LQYHUWHUV DUH KRXVHG LQ WKH VDPH

SDQHOñ RUGLQDULO\ DUUDQJH WKHP DV LQGLFDWHG

EHORZï ,I WKH LQYHUWHUV KDYH WR EH OLQHG YHUWLFDOO\

WR PLQLPL]H WKH SDQHO VSDFHñ WKH WHPSHUDWXUH LQ

WKH WRS LQYHUWHUV ULVHV GXH WR WKH KHDW RI WKH

ORZHU LQYHUWHUVñ UHVXOWLQJ LQ LQYHUWHU IDLOXUHï

,QYHUWHU ,QYHUWHU

&RQWURO SDQHO

,QYHUWHU ,QYHUWHU

,QYHUWHU,QYHUWHU

&RQWURO SDQHO

*XLGH *XLGH *XLGH

õDô +RUL]RQWDO õDô 9HUWLFDO DUUDQJHPHQW

$UUDQJHPHQW RI 6HYHUDO ,QYHUWHUV LQ 3DQHO

:KHQ VHYHUDO LQYHUWHUV DUH KRXVHGñ WDNH

H[WUHPH FDUH WR LQFUHDVH WKH YHQWLODWLRQñ GUDIW

DQG SDQHO VL]H VR WKDW WKH DPELHQW WHPSHUDWXUH

RI WKH LQYHUWHU GRHV QRW H[FHHG WKH SHUPLVVLEOH

YDOXHï

èô 3RVLWLRQV RI YHQWLODWLRQ IDQ DQG LQYHUWHUï

7KH FRROLQJ IDQ FDXVHV WKH KHDW JHQHUDWHG LQ

WKH LQYHUWHU WR IORZ IURP WKH ERWWRP WR WRS RI WKH

XQLW DV ZDUP DLUï :KHQ D IDQ LV LQVWDOOHG WR

YHQWLODWH WKH KHDWñ GHWHUPLQH WKH LQVWDOODWLRQ

SODFH RI WKH YHQWLODWLQJ IDQ DIWHU IXOO

FRQVLGHUDWLRQ RI WKH DLU IORZï õ7KH DLU IORZV LQ D

SDWK ZKHUH UHVLVWDQFH LV VPDOOï 0DNH DQ DLUZD\

DQGîRU VWUDLJKWHQLQJ YDQHV WR H[SRVH WKH

LQYHUWHU WR FROG DLUïô

,QYHUWHU ,QYHUWHU

*RRG H[DPSOH %DG H[DPSOH

3RVLWLRQV RI 9HQWLODWLRQ )DQ DQG ,QYHUWHU
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õëô([WHUQDO IUHTXHQWðXVH EUDNH UHVLVWRU õ7\SH

)5ð$%5ô

ìô ,QVWDOODWLRQ SRVLWLRQï

Dô :KHQ WKH LQYHUWHU RI æïè. RU EHORZ LV

RSHUDWHG LQ H[FHVV RI WKH GXW\ RI WKH EUDNH

UHVLVWRUñ GLVFRQQHFW WKH EXLOWðLQ EUDNH UHVLVWRU

VXSSOLHG ZLWK WKH LQYHUWHU DQG LQVWDOO DQ

H[WHUQDO EUDNH UHVLVWRUï

Eô 6LQFH WKH H[WHUQDO EUDNH UHVLVWRU JHQHUDWHV

PXFK KHDWñ LWV VXUIDFH WHPSHUDWXUH LV DERXW

ìèí WR êííq&ï +HQFHñ LQVWDOO WKH H[WHUQDO

EUDNH UHVLVWRU LQ FRQVLGHUDWLRQ RI KHDW

GLVVLSDWLRQï 7KH LQYHUWHU DQG RWKHU GHYLFHV

PXVW QRW EH SODFHG DERYH WKH UHVLVWRUï

&RROLQJ IDQ

,QVWDOO D FRYHU ZKLFK
HQVXUHV SURSHU KHDW
GLVVLSDWLRQï

([WHUQDO EUDNH UHVLVWRU

+HDW UHVLVWDQW FDEOHV

([DPSOH RI ,QVWDOOLQJ DQ ([WHUQDO %UDNH

5HVLVWRU RQ 7RS RI WKH 3DQHO

ëô :LULQJï

Dô :KHQ ZLULQJ WKH EUDNH UHVLVWRUñ QRWH KLJK '&

YROWDJH DSSOLFDWLRQ DQG UHVLVWRUðJHQHUDWHG

KHDWï

Eô 7KH ZLULQJ GLVWDQFH EHWZHHQ WKH LQYHUWHU DQG

EUDNH UHVLVWRU VKRXOG EH DV VKRUW DV

SRVVLEOHï ,I LW H[FHHGV ëPñ WZLVW WKH FDEOHVï

õ,I WZLVWHGñ WKH GLVWDQFH PXVW QRW H[FHHG

èPïô

3

3;

35

3

3;

35

,QYHUWHU

,QYHUWHU

5HPRYHï

:LWKLQ ëP

%
UD
NH

UH
VL
VW
R
U

7ZLVWï

5HPRYHï

:LWKLQ èP

%
UD
NH

UH
VL
VW
R
U

õòô

õòô

:LULQJ WKH %UDNH 5HVLVWRU

Fô :KHQ ZLULQJ WKH EUDNH UHVLVWRUñ WKH UHVLVWRUð

JHQHUDWHG KHDW õPD[LPXP VXUIDFH

WHPSHUDWXUH LV DSSUR[LPDWHO\ ìèí WR êííq&ô
PXVW EH WDNHQ LQWR FRQVLGHUDWLRQï

� 7DNH PHDVXUHV WR SUHYHQW WKH FDEOHV IURP

PDNLQJ FRQWDFW ZLWK WKH UHVLVWRUï

� 8VH KHDWðUHVLVWDQW FDEOHV õVXFK DV JODVVð

EUDLGHG FDEOHVôñ RU FRYHU WKH FDEOHV ZLWK

VLOLFRQH WXEHVï 8VH FDEOHV RI ëPPë RU

ODUJHU VL]Hï

õêô%8 EUDNH XQLW DQG GLVFKDUJH UHVLVWRU

ìô ,QVWDOODWLRQ SRVLWLRQï

)RU WKH LQVWDOODWLRQ SRVLWLRQ RI WKH GLVFKDUJH

UHVLVWRUñ UHIHU WR 3DUDJUDSK ëñ SDUW ìôï

ëô :LULQJï

Dô :KHQ ZLULQJ WKH EUDNH XQLW õ%8 W\SHô DQG

GLVFKDUJH UHVLVWRUñ QRWH KLJK '& YROWDJH

DSSOLFDWLRQ DQG GLVFKDUJH UHVLVWRUðJHQHUDWHG

KHDWï

Eô 7KH ZLULQJ GLVWDQFHV EHWZHHQ WKH LQYHUWHU

DQG EUDNH XQLW DQG EHWZHHQ WKH EUDNH XQLW

DQG GLVFKDUJH UHVLVWRU VKRXOG EH DV VKRUW DV

SRVVLEOHï ,I WKH GLVWDQFH H[FHHGV ëPñ WZLVW

WKH FDEOHVï õ,I WZLVWHGñ WKH GLVWDQFH PXVW QRW

H[FHHG èPïô

3

1

3

1 35

3

1

3

1 35

,QYHUWHU

,QYHUWHU

:LWKLQ ëP :LWKLQ ëP

:LWKLQ èP :LWKLQ èP

'
LV
FK
D
UJ
H

UH
VL
VW
RU

'
LV
FK
D
UJ
H

UH
VL
VW
RU

%UDNH
XQLW

%UDNH
XQLW

õòô

õòô

õðô

õðô

:LULQJ WKH %UDNH 8QLW

Fô :KHQ ZLULQJ WKH GLVFKDUJH UHVLVWRUñ WKH

UHVLVWRUðJHQHUDWHG KHDW õPD[LPXP VXUIDFH

WHPSHUDWXUH LV DSSUR[LPDWHO\ ìèí WR êííq&ô
PXVW EH WDNHQ LQWR FRQVLGHUDWLRQï

� 7DNH PHDVXUHV WR SUHYHQW WKH FDEOHV IURP

PDNLQJ FRQWDFW ZLWK WKH UHVLVWRUï

� 8VH KHDWðUHVLVWDQW FDEOHV õVXFK DV JODVVð

EUDLGHG FDEOHVôñ RU FRYHU WKH FDEOHV ZLWK

VLOLFRQH WXEHVï
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Gô 8VH FDEOHV RI WKH IROORZLQJ VL]HVã

&DEOHV $SSOLFDEOH WR

WKH %8 %UDNH 8QLW

%8 %UDNH 8QLW 7\SH &DEOH 6L]H

%8ðìèííñ êæíí ëPPë

ëíí9
%8ðæïè.ñ ìè. êïèPPë

%8ð+æïè. ëPPë

éíí9
%8ð+ìè.ñ +êí. êïèPPë

Hô &RQQHFW WKH FDEOHV VR WKDW WKH WHUPLQDO

V\PEROV RI WKH EUDNH XQLW PDWFK WKRVH RI WKH

LQYHUWHUï :KHQ WKH )5ð%(/ SRZHUðIDFWRU

FRUUHFWLQJ UHDFWRU KDV EHHQ FRQQHFWHGñ GR QRW

FRQQHFW WKH EUDNH XQLW WR WHUPLQDO 3ì WR SURWHFW

WKH EUDNH XQLW IURP GDPDJHï

õòô3

õðô1

3

1

õòô3ì

3

õðô1

3

1

)5ð
%(/

%UDNH XQLW %UDNH XQLW,QYHUWHU ,QYHUWHU

,QFRUUHFW &RQQHFWLRQ ([DPSOHV

õéô)5ð%8 EUDNH XQLW DQG UHVLVWRU XQLW

ìô ,QVWDOODWLRQ SRVLWLRQï

$OZD\V LQVWDOO WKH EUDNH XQLW DQG UHVLVWRU XQLW

RQ D YHUWLFDO VXUIDFH LQ WKH YHUWLFDO GLUHFWLRQï

,QVWDOOLQJ WKHP LQ WKH KRUL]RQWDO GLUHFWLRQ RU RQ

D KRUL]RQWDO VXUIDFH UHGXFHV WKH KHDW

GLVVLSDWLRQ HIIHFWï

6LQFH WKH FDVH WHPSHUDWXUH RI WKH UHVLVWRU XQLW

ULVHV WR RU DERYH ìííq&ñ LQVWDOO WKH XQLW LQ D
SODFH ZKHUH LW ZLOO QRW PDNH FRQWDFW ZLWK FDEOHV

DQG IODPPDEOHVï

ëô :LULQJï

Dô :LUH WKH EUDNH XQLW õ)5ð%8ô DQG UHVLVWRU

XQLWñ QRWLQJ KLJK '& YROWDJH DSSOLFDWLRQ DQG

UHVLVWRU XQLWðJHQHUDWHG KHDWï

Eô 7KH ZLULQJ GLVWDQFHV EHWZHHQ WKH LQYHUWHU

DQG EUDNH XQLW DQG EHWZHHQ WKH UHVLVWRU XQLW

DQG EUDNH XQLW VKRXOG EH DV VKRUW DV

SRVVLEOHï ,I WKH GLVWDQFH H[FHHGV èPñ WZLVW

WKH FDEOHVï õ,I WKH FDEOHV DUH WZLVWHGñ WKH

GLVWDQFH PXVW QRW H[FHHG ìíPôï

õòô 3

õðô 1

3

1 35

õòô 3

õðô 1

3

1 35

35
3

35
3

,QYHUWHU
%UDNH
XQLW

5HVLVWRU
XQLW

:LWKLQ èP :LWKLQ èP

,QYHUWHU 5HVLVWRU
XQLW

:LWKLQ ìíP :LWKLQ ìíP

%UDNH
XQLW

:LULQJ WKH )5ð%8 %UDNH 8QLW

Fô 8VH FDEOHV RI WKH IROORZLQJ VL]HVã

&DEOHV $SSOLFDEOH WR

)5ð%8 %UDNH 8QLW

)5ð%8 %UDNH 8QLW 7\SH &DEOH 6L]H

)5ð%8ðìè. êïèPPë

)5ð%8ðêí. èïèPPëëíí9

)5ð%8ðèè. ìéPPë

)5ð%8ð+ìè. êïèPPë

)5ð%8ð+êí. êïèPPëéíí9

)5ð%8ð+èè. èïèPPë

Gô &RQQHFW WKH EUDNH XQLW DQG LQYHUWHU VR WKDW

WKHLU WHUPLQDO V\PEROV PDWFKï 1RWH WKDW WKH

EUDNH XQLW ZLOO EH GDPDJHG LI D FDEOH LV

FRQQHFWHG WR WHUPLQDO 3ì ZKLFK LV FRQQHFWHG

ZLWK WKH )5ð%(/ SRZHU IDFWRU LPSURYLQJ

UHDFWRUï

õòô3

õðô1

3

1

õòô3ì

3

õðô1

3

1

)5ð
%(/

%UDNH XQLW %UDNH XQLW,QYHUWHU ,QYHUWHU

,QFRUUHFW &RQQHFWLRQ ([DPSOHV
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êô %UDNH XQLW RSHUDWLRQ LQGLFDWLRQV

%UDNH 8QLW 2SHUDWLRQ ,QGLFDWLRQV

æð6HJPHQW /('

,QGLFDWLRQ
'HVFULSWLRQ

õíô ,QGLFDWHV WKDW WKH EUDNH XQLW LV VZLWFKHG RQï

WR

õì WR $ô
,QGLFDWHV ø(' GXULQJ EUDNH RSHUDWLRQï

õ(ô ,QGLFDWHV D EUDNH WUDQVLVWRU IDLOXUHï

õ)ôõ1RWH ìô

,QGLFDWHV WKDW WKH EUDNH LV RSHUDWHG LQ H[FHVV

RI SHUPLVVLEOH ø('ï

1RWH ìã :KHQ WKLV RSHUDWLRQ LQGLFDWRU /(' LV OLW WR
LQGLFDWH WKH H[FHVV RI WKH SHUPLVVLEOH
ø('ñ WKH EUDNH XQLW VWRSV RSHUDWLQJ DQG
WKHUHIRUH WKH ûRYHUFXUUHQWûñ ûRYHUYROWDJHû
RU RWKHU SURWHFWLYH IXQFWLRQ RI WKH LQYHUWHU LV
DFWLYDWHGï 7R UHVXPH RSHUDWLRQñ ILQG DQG
UHPRYH LWV FDXVHñ WKHQ UHVHW WKH LQYHUWHUï

ëã %\ VZLWFKLQJ RII WKH EUDNH XQLW DQG PDNLQJ
D UHVHWñ WKH FXPXODWLYH GDWD RI WKH EUDNH
GXW\ LV FOHDUHGï 1RWH WKDW UHSHDWLQJ UHVHW
PDQ\ WLPHV WR SHUIRUP RSHUDWLRQ ZLOO
RYHUKHDW WKH UHVLVWRU XQLWï

õèô1RLVH ILOWHU
ìô ,QVWDOODWLRQ SRVLWLRQï

6LQFH WKH QRLVH ILOWHU SURGXFHV D JUHDWHU HIIHFW

ZKHQ LW LV ORFDWHG FORVHU WR WKH VRXUFH RI QRLVHñ

GHWHUPLQH LWV LQVWDOODWLRQ SRVLWLRQ LQ

FRQVLGHUDWLRQ RI WKH IROORZLQJã

Dô :KHQ XVHG LQ WKH LQYHUWHU SRZHU VXSSO\

FLUFXLWñ LQVWDOO WKH QRLVH ILOWHU LQ D SRVLWLRQ

ZKHUH WKH ZLULQJ GLVWDQFH IURP WKH LQYHUWHU

LQSXW WHUPLQDOV LV VKRUWï

Eô :KHQ XVHG DOVR LQ WKH LQYHUWHU RXWSXW FLUFXLWñ

LQVWDOO WKH QRLVH ILOWHU LQ D SRVLWLRQ ZKHUH WKH

ZLULQJ GLVWDQFH IURP WKH LQYHUWHU RXWSXW

WHUPLQDOV LV WKH VKRUWHVWï õ7KH )5ð%,) UDGLR

QRLVH ILOWHU FDQQRW EH FRQQHFWHG WR WKH

RXWSXW FLUFXLWïô

ëô :LULQJ

7KH QRLVH ILOWHU FDQQRW SURGXFH LWV HIIHFW XQOHVV

LW LV ZLUHG DV LQGLFDWHG EHORZï

7KH QRLVH ILOWHU PXVW EH LQVWDOOHG DV FORVH DV

SRVVLEOH WR WKH LQYHUWHU DQG LWV ZLULQJ GLVWDQFH

PLQLPL]HGï ,Q DGGLWLRQñ WKH SULPDU\ DQG

VHFRQGDU\ ZLULQJV RI WKH QRLVH ILOWHU PXVW QRW

EH FORVH WR HDFK RWKHU RU FURVV HDFK RWKHUï

)RU WKH VHOHFWLRQ RI WKH QRLVH ILOWHUñ VHH 6HFWLRQ

ëïèïêï

5 õ/ìô

6 õ/ëô

7 õ/êô

5 õ/ìô

6 õ/ëô

7 õ/êô

3
RZ

H
U
VX
SS
O\

1RLVH ILOWHU

,QYHUWHU ,QYHUWHU

$V VKRUW DV SRVVLEOH
3RZHU VXSSO\

1RLVH ILOWHU

á&RUUHFW! á,QFRUUHFW!

:LULQJ WKH 1RLVH )LOWHU

)5ð%,)

5 õ/ìô

6 õ/ëô

7 õ/êô

5

6

7

(

)5ð%,)

5 õ/ìô

6 õ/ëô

7 õ/êô

3
RZ

H
U
VX
S
SO
\

1RLVH ILOWHU 7HUPLQDO
EORFN

1RLVH ILOWHU

á&RUUHFW! á,QFRUUHFW!

,QYHUWHU ,QYHUWHU

:LULQJ WKH )5ð%,)
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õçô6XUJH YROWDJH VXSSUHVVLRQ ILOWHU õ)5ð$6)ð+ô

:KHQ D éíí9 FODVV PRWRU LV LQYHUWHUðGULYHQñ D

PLFURVXUJH YROWDJH DWWULEXWDEOH WR ZLULQJ

FRQVWDQWV LV JHQHUDWHG DW WKH PRWRU WHUPLQDOV DQG

PD\ GHWHULRUDWH WKH PRWRU LQVXODWLRQï ,Q VXFK D

FDVHñ WKH PLFURVXUJH YROWDJH FDQ EH VXSSUHVVHG

WR åèí9 RU OHVV E\ LQVHUWLQJ WKH VXUJH YROWDJH

VXSSUHVVLRQ ILOWHU õ)5ð$6)ð+ô LQ WKH VHFRQGDU\

VLGH RI WKH LQYHUWHUï

ìô ,QVWDOODWLRQ SRVLWLRQï

:KHQ HQHUJL]HGñ WKH VXUJH YROWDJH

VXSSUHVVLRQ ILOWHU JHWV KRWï 1HYHU LQVWDOO LW QHDU

IODPPDEOHV RU ZKHUH LW FDQ HDVLO\ PDNH FRQWDFW

ZLWK D KXPDQ ERG\ï

%HFDXVH RI KHDW GLVVLSDWLRQñ OHDYH DW OHDVW

ìííPP FOHDUDQFHV DURXQG WKH ILOWHU DV DQ

LQVWDOODWLRQ VSDFHï

ëô :LULQJï

Dô $IWHU FKHFNLQJ WKH WHUPLQDO V\PEROV RI WKH

ILOWHU WHUPLQDO EORFNñ FRQQHFW WKH FDEOHV IURP

WKH RXWSXW WHUPLQDOV RI WKH LQYHUWHU WR WKH

ILOWHU LQSXW WHUPLQDOV õ8ñ 9ñ :ô DQG WKH FDEOHV

IURP WKH PRWRU WHUPLQDOV WR WKH RXWSXW

WHUPLQDOV õ;ñ <ñ =ô RI WKH ILOWHUï ,QFRUUHFW

ZLULQJ PD\ GDPDJH WKH HTXLSPHQWï

$V WKH ILOWHU JHWV KRWñ DYRLG ZLULQJ WKH FDEOHV

QHDU WKH UHVLVWRUï

Eô 7KH ZLULQJ OHQJWK EHWZHHQ WKH LQYHUWHU

RXWSXW WHUPLQDOV DQG ILOWHU LQSXW WHUPLQDOV

VKRXOG EH ZLWKLQ èPï

7KH ZLULQJ OHQJWK EHWZHHQ WKH ILOWHU RXWSXW

WHUPLQDOV DQG PRWRU LQSXW WHUPLQDOV VKRXOG

EH ZLWKLQ êíPï

Fô 7KH FDEOH VL]H PD\ EH DQ\ VL]H LI LW LV DV

UHFRPPHQGHG IRU WKH LQYHUWHUï

Gô 7KH FDEOH W\SH UHFRPPHQGHG IRU XVH LV D

KHDWðUHVLVWDQW FDEOHï 1RWH WKDW WKH

WHPSHUDWXUH RI WKH UHVLVWRU VHFWLRQ RI WKH

ILOWHU ULVHV DERXW æíq& ZKHQ WKH ILOWHU LV

VZLWFKHG RQï 7KHUHIRUHñ LI WKH FDEOHV PD\

PDNH FRQWDFW ZLWK WKH UHVLVWRUñ XVH KHDWð

UHVLVWDQWñ JODVVðEUDLGHG FDEOHVï

8

9

:

8

9

:

;

<

=

,0

6XUJH YROWDJH VXSSUHVVLRQ ILOWHU

,QYHUWHU
:LWKLQ èP

:LWKLQ êííP

:LULQJ RI 6XUJH 9ROWDJH 6XSSUHVVLRQ )LOWHU

êô 9ROWDJH GURSï

$ YROWDJH GURS FDXVHG E\ WKH ILOWHU LV

SURSRUWLRQDO WR WKH LQYHUWHU RXWSXW IUHTXHQF\

DQG RXWSXW FXUUHQWï

7KH YROWDJH GURS LV DSSUR[LPDWHO\ êí9 ZKHQ

WKH LQYHUWHU RXWSXW IUHTXHQF\ LV çí+] DQG WKH

ILOWHU LV RQ DW WKH UDWHG FXUUHQWñ LQGHSHQGHQW RI

WKH FDSDFLW\ï

éô /HDNDJH FXUUHQWï

%\ FRQQHFWLQJ WKH ILOWHUñ WKH OHDNDJH FXUUHQW

VOLJKWO\ LQFUHDVHVï :KHQ XVLQJ PDQ\ ILOWHUV DW

WKH VDPH WLPHñ WDNH WKLV LQWR FRQVLGHUDWLRQ

ZKHQ VHOHFWLQJ WKH HDUWK OHDNDJH FLUFXLW

EUHDNHUï õ$V D UHVXOW RI PHDVXUHPHQW LQ

DFFRUGDQFH ZLWK WKH PHDVXUHPHQW PHWKRG

VSHFLILHG LQ WKH 1HZ (OHFWULFDO $SSOLDQFHV

&RQWURO 5XOHVñ WKH OHDNDJH FXUUHQW RI WKH +ìè.

RU OHVV LV DSSUR[LPDWHO\ ìP$ XQGHU WKH

FRQGLWLRQV RI çí+] LQYHUWHU RXWSXW IUHTXHQF\

DQG ìéïèN+] FDUULHU IUHTXHQF\ïô
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õæô:LULQJ WKH FRQWURO FLUFXLW

ìô 8VH WZLVWHG RU VKLHOGHG FDEOHV IRU FRQQHFWLRQ

ZLWK WKH FRQWURO FLUFXLW WHUPLQDOV õìíñ ëñ èñ ìñ éñ

$0ôï 'R QRW JURXQG WKH VKLHOG EXW FRQQHFW LW DV

LQGLFDWHG EHORZï õ.HHS WKH RWKHU HQG RI WKH

VKLHOG RSHQïô

ëô 8VH WZLVWHG RU VKLHOGHG FDEOHV IRU FRQQHFWLRQ

ZLWK WKH GLVSOD\ õIUHTXHQF\ô PHWHU WHUPLQDOV

õ)0ñ 6'ô RYHU D ZLULQJ GLVWDQFH RI ëííP

PD[LPXPï ,I WKH GLVWDQFH H[FHHGV ëííPñ WKH

GLVSOD\ õIUHTXHQF\ô PHWHU UHDGLQJ PD\ UHVXOW LQ

D ODUJHU HUURUï

êô 5XQ WKH FRQWURO FLUFXLW FDEOHV DZD\ IURP WKH

SRZHU OLQH RYHU WKH VKRUWHVW GLVWDQFHï

([DPSOH ì ã 6KLHOGHG FDEOHV

,QYHUWHU

ìí

ë

è

,QYHUWHU

ìí

ë

è
êíP RU OHVV

á&RUUHFW! á,QFRUUHFW!

:URQJ FRQQHFWLRQ

&RQQHFWLQJ WKH 6KLHOGHG &DEOHV

([DPSOH ë ã 6KLHOGHG FDEOHV MRLQHG

ìí

ë

è

ìí

ë

è

,QYHUWHU ,QYHUWHU

3URYLGH D VKLHOGLQJ WHUPLQDOï

:URQJ FRQQHFWLRQ

á&RUUHFW! á,QFRUUHFW!

êíP RU OHVV

&RQQHFWLQJ WKH 6KLHOGHG &DEOHV



6(/(&7,21

ëèæ

õåô&RXQWHUPHDVXUHV DJDLQVW H[WHUQDO QRLVH

ìô 6WUHQJWKHQLQJ WKH FRXQWHUPHDVXUHV DJDLQVW

QRLVHï 7KH )5 VHULHV LQYHUWHUV DUH VXIILFLHQWO\

SURWHFWHG IURP QRLVHï +RZHYHUñ H[WUHPHO\ ODUJH

H[WHUQDO QRLVH PD\ FDXVH WKH LQYHUWHU WR

PDOIXQFWLRQï :KHQ WKHUH LV VXFK H[WHUQDO QRLVH

WKDW FDQQRW EH HOLPLQDWHGñ ZLUH WKH LQYHUWHU LQ

DFFRUGDQFH ZLWK WKH IROORZLQJ ILJXUHï

1)%

5 õ/ìô

6 õ/ëô

7 õ/êô

8

9

:

67)õ675ôñ HWF

6'

5(6

6'

ìí

ë

è

)0

6'

,0

,QYHUWHU
6WDUW

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

'LVSOD\
õIUHTXHQF\ô

PHWHU

5HVHW

0RWRU

&RXQWHUPHDVXUHV $JDLQVW 1RLVH

ëô 5HPRWH FRQWUROñ HWFï

$FWLQJ DV DQ DQWHQQDñ WKH VLQJOH OLQHV DUH

VXVFHSWLEOH WR H[WHUQDO QRLVHï 7KHUHIRUHñ UXQ

WKH VLJQDO OLQHV DV IDU DZD\ DV SRVVLEOH IURP

WKH SRZHU OLQHï

,I WKH LQYHUWHU LV FRQWUROOHG êíP RU IXUWKHU DZD\

IURP LWV LQVWDOODWLRQ SRVLWLRQñ LW LV UHFRPPHQGHG

WR XVH DQ\ RI WKH IROORZLQJã

Dô 6SHHG VHWWLQJ GHYLFHï

8VH WKH )5ð). PRWRUL]HG VSHHG VHWWHUï

õ)RU WKH RSHUDWLRQ LQIRUPDWLRQñ VHH WKH

FRUUHVSRQGLQJ PDQXDOïô

Eô ([WHUQDO VWDUWîVWRS VLJQDOï

$GG D UHOD\ LQ WKH YLFLQLW\ RI WKH LQYHUWHUï

Fô &DEOHVï

8VH WZLVWHG RU WZLVWHG VKLHOGHG FDEOHVï

Gô 6XUJH VXSSUHVVRUVï

,QVWDOO VXUJH VXSSUHVVRUV WR WKH FRLOV RI WKH

UHOD\Vñ YDOYHV HWFï DURXQG WKH LQYHUWHUï

([DPSOHã äæë$ðëííê èíé ìì

PDQXIDFWXUHG E\ 0DWVXR

ìårìïè

êìïèrì

ç

é GLDï KROH
ìírêìí RU OHVV

ìèrì
éårìïè

ìí RU OHVVìírê

íïèP)ì:èí:

%OXH YLQ\O FRUG
9LQ\O VKHDWK

5HG YLQ\O FRUG

&RPSRVLWLRQ õ8QLWã PPô

ëíí RU PRUHëíí RU PRUH
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ëïå 0HWHUV DQG 0HDVXUHPHQW 0HWKRGV

6LQFH YROWDJHV DQG FXUUHQWV LQ WKH SULPDU\ DQG VHFRQGDU\ VLGH RI
WKH LQYHUWHU LQFOXGH KDUPRQLFVñ GLIIHUHQW PHWHUV LQGLFDWH GLIIHUHQW
PHDVXUHPHQW YDOXHVï :KHQ PDNLQJ PHDVXUHPHQW ZLWK WKH
PHWHUV GHVLJQHG IRU FRPPHUFLDO IUHTXHQF\ñ XVH WKH IROORZLQJ
PHDVXULQJ LQVWUXPHQWV DQG FLUFXLWVã

ò ð

$U

$V

$W
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9W

:ìì
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:ìê
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O\ ,QYHUWHU

7
R
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0RYLQJðLURQ W\SH 0RYLQJðFRLO W\SH

(OHFWURG\QDPRPHWHU W\SH 5HFWLILHU W\SH

([DPSOHV RI 0HDVXUHPHQW 3RLQWV DQG 0HDVXULQJ ,QVWUXPHQWV

1RWHã :KHQ LQVWDOOLQJ PHWHUV HWFïRQ WKH

LQYHUWHU RXWSXW VLGH

:KHQ WKH LQYHUWHUðWRðPRWRU ZLULQJ

OHQJWK LV ODUJHñ HVSHFLDOO\ LQ WKH

éíí9 FODVVñ VPDOOðFDSDFLW\

PRGHOVñ WKH PHWHUV DQG &7V PD\

JHQHUDWH KHDW GXH WR OLQHðWRðOLQH

OHDNDJH FXUUHQWï 7KHUHIRUHñ

FKRRVH WKH HTXLSPHQW ZKLFK KDV

HQRXJK DOORZDQFH IRU WKH FXUUHQW

UDWLQJï

:KHQ PHDVXULQJ DQG LQGLFDWLQJ

WKH RXWSXW YROWDJH DQG RXWSXW

FXUUHQW RI WKH LQYHUWHUñ LW LV

UHFRPPHQGHG WR XWLOL]H WKH $0ðè

WHUPLQDO RXWSXW IXQFWLRQ RI WKH

LQYHUWHUï

ëïåïì 0HDVXUHPHQW RI SRZHUV

8VLQJ DQ HOHFWURG\QDPRPHWHU W\SH PHWHUñ PHDVXUH
WKH SRZHU LQ ERWK WKH LQSXW DQG RXWSXW VLGHV RI WKH
LQYHUWHU XVLQJ WKH WZRð RU WKUHHðZDWWPHWHU PHWKRGï
$V WKH FXUUHQW LV OLDEOH WR EH LPEDODQFHG HVSHFLDOO\ LQ
WKH LQSXW VLGHñ LW LV UHFRPPHQGHG WR XVH WKH WKUHHð
ZDWWPHWHU PHWKRGï
([DPSOHV RI PHDVXUHPHQW YDOXH GLIIHUHQFHV
SURGXFHG E\ GLIIHUHQW PHDVXULQJ PHWHUV DUH VKRZQ
EHORZï $Q HUURU ZLOO EH SURGXFHG E\ D GLIIHUHQFH

EHWZHHQ PHDVXULQJ LQVWUXPHQWVñ HïJï SRZHU
FDOFXODWLRQ W\SH DQG WZRð RU WKUHHðZDWWPHWHU W\SH
WKUHHðSKDVH ZDWWPHWHUVï :KHQ D &7 LV XVHG LQ WKH
FXUUHQW PHDVXUHPHQW VLGH RU ZKHQ WKH PHWHU
FRQWDLQV D 37 RQ WKH YROWDJH PHDVXUHPHQW VLGHñ DQ
HUURU ZLOO DOVR EH SURGXFHG GXH WR WKH IUHTXHQF\
FKDUDFWHULVWLFV RI WKH &7 DQG 37ï

>0HDVXUHPHQW FRQGLWLRQV@
&RQVWDQWðWRUTXH õìííøô ORDGñ FRQVWDQWðRXWSXW DW
çí+] RU PRUHï
êïæN:ñ éðSROH PRWRUñ YDOXH LQGLFDWHG LQ
êðZDWWPHWHU PHWKRG LV ìííøï

>0HDVXUHPHQW FRQGLWLRQV@
&RQVWDQWðWRUTXH õìííøô ORDGñ FRQVWDQWðRXWSXW DW
çí+] RU PRUHï
êïæN:ñ éðSROH PRWRUñ YDOXH LQGLFDWHG LQ
êðZDWWPHWHU PHWKRG LV ìííøï

í ëí éí çí åí ìíí ìëí+]

çí

åí

ìíí

ìëí
ø

êðZDWWPHWHU PHWKRG
õHOHFWURG\QDPRPHWHU W\SHô
ëðZDWWPHWHU PHWKRG
õHOHFWURG\QDPRPHWHU W\SHô
&OLS $& SRZHU PHWHU
õIRU EDODQFHG êðSKDVH ORDGô
&ODPSðRQ ZDWWPHWHU
õKDOO GHYLFH SRZHU
FDOFXODWLRQ W\SHô

í ëí éí çí åí ìíí ìëí+]

çí

åí

ìíí

ìëí
ø

êðZDWWPHWHU PHWKRG
õHOHFWURG\QDPRPHWHU W\SHô
ëðZDWWPHWHU PHWKRG
õHOHFWURG\QDPRPHWHU W\SHô
&OLS $& SRZHU PHWHU
õIRU EDODQFHG êðSKDVH ORDGô
&ODPSðRQ ZDWWPHWHU
õKDOO GHYLFH SRZHU
FDOFXODWLRQ W\SHô

•E
•E

([DPSOH RI 0HDVXULQJ ,QYHUWHU ,QSXW 3RZHU ([DPSOH RI 0HDVXULQJ ,QYHUWHU 2XWSXW 3RZHU
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ëïåïë 0HDVXUHPHQW RI YROWDJHV DQG XVH RI 37

õìô ,QYHUWHU LQSXW VLGH
$V WKH LQSXW VLGH YROWDJH KDV D VLQH ZDYH DQG LV
H[WUHPHO\ VPDOO LQ GLVWRUWLRQ IDFWRUñ DFFXUDWH
PHDVXUHPHQW FDQ EH PDGH ZLWK DQ RUGLQDU\ $&
PHWHUï

õëô ,QYHUWHU RXWSXW VLGH
6LQFH WKH RXWSXW VLGH YROWDJH KDV D 3:0ð
FRQWUROOHG UHFWDQJXODU ZDYHñ DOZD\V XVH D UHFWLILHU
W\SH YROWPHWHUï $ QHHGOH W\SH WHVWHU FDQQRW EH
XVHG WR PHDVXUH WKH RXWSXW VLGH YROWDJH DV LW
LQGLFDWHV D YDOXH PXFK JUHDWHU WKDQ WKH DFWXDO
YDOXHï $ PRYLQJðLURQ W\SH PHWHU LQGLFDWHV DQ
HIIHFWLYH YDOXH ZKLFK LQFOXGHV KDUPRQLFV DQG
WKHUHIRUH WKH YDOXH LV ODUJHU WKDQ WKDW RI WKH
IXQGDPHQWDO ZDYHï 7KH YDOXH PRQLWRUHG RQ WKH
RSHUDWLRQ SDQHO õSDUDPHWHU XQLWô LV WKH LQYHUWHUð
FRQWUROOHG YROWDJH LWVHOIï +HQFHñ WKDW YDOXH LV
DFFXUDWH DQG LW LV UHFRPPHQGHG WR PRQLWRU YDOXHV
õSURYLGH DQDORJ RXWSXWô XVLQJ WKH RSHUDWLRQ SDQHO
õSDUDPHWHU XQLWôï $V D SDQHO PHWHUñ XVH WKH
0LWVXELVKL 7\SH <5 RU /6ï $Q H[DPSOH RI D
PHDVXUHPHQW YDOXH GLIIHUHQFH SURGXFHG E\
GLIIHUHQW PHDVXULQJ PHWHUV LV VKRZQ RQ WKH ULJKWï

õêô37
1R 37 FDQ EH XVHG LQ WKH RXWSXW VLGH RI WKH
LQYHUWHUï 8VH D GLUHFWðUHDGLQJ PHWHUï õ$ 37 PD\
EH XVHG LQ WKH LQSXW VLGH RI WKH LQYHUWHUïô

>0HDVXUHPHQW FRQGLWLRQV@
êïæN:ñ éðSROH PRWRU ò )5ð$èëíðêïæ. LQYHUWHUï

9DOXH LQGLFDWHG E\ UHFWLILHU W\SH YROWPHWHU LV ìííøï

ëíí

õøô

ìèí

ìíí

êç ëí êí èí çí ìëí õ+]ô

([DPSOH RI 0HDVXULQJ ,QYHUWHU 2XWSXW 9ROWDJH

ëïåïê 0HDVXUHPHQW RI FXUUHQWV

8VH D PRYLQJðLURQ W\SH PHWHU RQ ERWK WKH LQSXW DQG
RXWSXW VLGHV RI WKH LQYHUWHUï +RZHYHUñ LI WKH FDUULHU
IUHTXHQF\ H[FHHGV èN+]ñ GR QRW XVH WKDW PHWHU
VLQFH DQ RYHUFXUUHQW ORVV SURGXFHG LQ WKH LQWHUQDO
PHWDO SDUWV RI WKH PHWHU ZLOO LQFUHDVH DQG WKH PHWHU
PD\ EXUQ RXWï ,Q WKLV FDVHñ XVH DQ DSSUR[LPDWHð
HIIHFWLYH YDOXH W\SHï
$V WKH LQYHUWHU LQSXW VLGH FXUUHQW LV HDVLO\ LPEDODQFHG
õVHH 6HFWLRQ ëïéïçôñ PHDVXUHPHQW RI FXUUHQWV LQ DOO
WKUHH SKDVHV LV UHFRPPHQGHGï &RUUHFW YDOXHV FDQQRW
EH PHDVXUHG LQ RQH RU WZR SKDVHVï 2Q WKH RWKHU
KDQGñ WKH SKDVH LPEDODQFH UDWLR RI WKH RXWSXW VLGH
FXUUHQW PXVW EH ZLWKLQ ìíøï
:KHQ D FODPS DPPHWHU LV XVHGñ DOZD\V XVH DQ
HIIHFWLYH YDOXH GHWHFWLRQ W\SHï $ PHDQ YDOXH
GHWHFWLRQ W\SH SURGXFHV D ODUJH HUURU DQG PD\
LQGLFDWH DQ H[WUHPHO\ VPDOOHU YDOXH WKDQ WKH DFWXDO
YDOXHï 7KH YDOXH PRQLWRUHG RQ WKH RSHUDWLRQ SDQHO
õSDUDPHWHU XQLWô LV DFFXUDWH LI WKH RXWSXW IUHTXHQF\
YDULHVñ DQG LW LV UHFRPPHQGHG WR PRQLWRU YDOXHV
õSURYLGH DQDORJ RXWSXWô XVLQJ WKH RSHUDWLRQ SDQHO
õSDUDPHWHU XQLWôï
)RU D SDQHO PHWHUñ XVH WKH 0LWVXELVKL 7\SH <6ðìë
õZKLFK LV EHWWHU WKDQ 7\SH <6ðå RU <6ðìí LQ
IUHTXHQF\ FKDUDFWHULVWLFôï $Q H[DPSOH RI WKH
PHDVXUHPHQW YDOXH GLIIHUHQFH SURGXFHG E\ GLIIHUHQW
PHDVXULQJ PHWHUV LV VKRZQ RQ WKH ULJKWï

>0HDVXUHPHQW
FRQGLWLRQ@
9DOXH LQGLFDWHG
E\ PRYLQJðLURQ
W\SH DPPHWHU LV
ìííøï

ìëí

ìíí

åí

çí

í éíëí

õøô

0RYLQJðLURQ W\SH

&OLS $&
SRZHU PHWHU

&ODPS PHWHU

&XUUHQW PHDVXUHG
E\ FODPðRQ ZDWWPHWHU

çí õ+]ô

([DPSOH RI 0HDVXULQJ ,QYHUWHU
,QSXW &XUUHQW

>0HDVXUHPHQW
FRQGLWLRQ@
9DOXH LQGLFDWHG
E\ PRYLQJðLURQ
W\SH DPPHWHU LV
ìííøï

ìëí

ìíí

åí

çí

í éíëí

õøô

0RYLQJðLURQ W\SH

&OLS $&
SRZHU PHWHU

&XUUHQW PHDVXUHG
E\ FODPSðRQ ZDWWPHWHU

&ODPS PHWHU

çí õ+]ô

([DPSOH RI 0HDVXULQJ ,QYHUWHU
2XWSXW &XUUHQW
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ëçí

ëïåïé 8VH RI &7 DQG WUDQVGXFHU

$ &7 PD\ EH XVHG LQ ERWK WKH LQSXW DQG RXWSXW VLGHV

RI WKH LQYHUWHUñ EXW WKH RQH XVHG VKRXOG KDYH WKH

ODUJHVW SRVVLEOH 9$ DELOLW\ EHFDXVH DQ HUURU ZLOO

LQFUHDVH LI WKH IUHTXHQF\ JHWV ORZHUï

:KHQ XVLQJ D WUDQVGXFHUñ XVH WKH HIIHFWLYH YDOXH

FDOFXODWLRQ W\SH õ0LWVXELVKL 6 VHULHVô ZKLFK LV

LPPXQH WR KDUPRQLFVï

ëïåïè 0HDVXUHPHQW RI LQYHUWHU LQSXW SRZHU IDFWRU

8VH WKH HIIHFWLYH SRZHU DQG DSSDUHQW SRZHU WR FDOFXODWH WKH LQYHUWHU LQSXW SRZHU IDFWRU õUHIHU WR 6HFWLRQ

ëïéïìôï $ SRZHUðIDFWRU PHWHU FDQQRW LQGLFDWH DQ H[DFW YDOXHï

ëïåïç 0HDVXUHPHQW RI FRQYHUWHU RXWSXW YROWDJH õDFURVV WHUPLQDOV 3ð1ô

7KH RXWSXW YROWDJH RI WKH FRQYHUWHU LV GHYHORSHG

DFURVV WHUPLQDOV 3ð1 õòñ ðô DQG FDQ EH PHDVXUHG
ZLWK D PRYLQJðFRLO W\SH PHWHU õWHVWHUôï 9DU\LQJ ZLWK

WKH SRZHU VXSSO\ YROWDJHñ WKH FRQYHUWHU RXWSXW

YROWDJH LV DSSUR[LPDWHO\ ëæí WR êíí9 õDSSUR[LPDWHO\

èéí WR çíí9 IRU WKH éíí9 FODVVô XQGHU QR ORDG DQG

ORZHUV XQGHU ORDGï

:KHQ UHJHQHUDWLYH HQHUJ\ LV UHWXUQHG IURP WKH

PRWRU GXULQJ GHFHOHUDWLRQñ IRU H[DPSOHñ WKH FRQYHUWHU

RXWSXW YROWDJH ULVHV WR QHDUO\ éíí9 õåíí9 IRU WKH

éíí9 FODVVô PD[LPXPï õ:KHQ WKH FRQYHUWHU RXWSXW

YROWDJH UHDFKHV DSSUR[LPDWHO\ éíí9 IRU WKH ëíí9

FODVV RU DSSUR[LPDWHO\ åíí9 IRU WKH éíí9 FODVVñ WKH

LQYHUWHU UHVXOWV LQ 297 VKXWðRIIïô

ëïåïæ 0HDVXUHPHQW RI LQYHUWHU RXWSXW IUHTXHQF\

$ SXOVH WUDLQ SURSRUWLRQDO WR WKH RXWSXW IUHTXHQF\ LV

RXWSXW DFURVV WKH IUHTXHQF\ PHWHU VLJQDO RXWSXW

WHUPLQDO )0ð6' RI WKH LQYHUWHUï 7KLV SXOVH WUDLQ

RXWSXW FDQ EH FRXQWHG E\ D IUHTXHQF\ FRXQWHUñ RU D

PHWHU õPRYLQJðFRLO W\SH YROWPHWHUô FDQ EH XVHG WR

UHDG WKH PHDQ YDOXH RI WKH SXOVH WUDLQ RXWSXW

YROWDJHï :KHQ D PHWHU LV XVHG WR PHDVXUH WKH RXWSXW

IUHTXHQF\ñ DSSUR[LPDWHO\ è9'& LV LQGLFDWHG DW WKH

PD[LPXP IUHTXHQF\ï

)RU GHWDLOHG VSHFLILFDWLRQV RI WKH IUHTXHQF\ PHWHU

VLJQDO RXWSXW WHUPLQDO )0ñ UHIHU WR 6HFWLRQ ìïéïìæï
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ëçì

ëïä &RPSOLDQFH ZLWK 6WDQGDUGV

7KH VWDQGDUG PRGHOV RI WKH )5ð$èíí DQG )5ð(èíí VHULHV LQYHUWHUV FRPSO\ ZLWK WKH 8/ 6WDQGDUGñ &6$

6WDQGDUG DQG (1 6WDQGDUGï

ëïäïì &RPSOLDQFH ZLWK WKH 8/ DQG &6$ 6WDQGDUGV

õìô$ERXW WKH 8/ DQG &6$ õF8/ô 6WDQGDUGV
7KH 8/ õ8QGHUZULWHUöV /DERUDWRULHV ,QFïô 6WDQGDUG
LV D VDIHW\ VWDQGDUG LQ WKH 8ï6ï$ï 8/ LV D QRQð
SURILW WHVWLQJ LQVWLWXWLRQ HVWDEOLVKHG E\ WKH 8ï6ï
)LUH 8QGHUZULWHUVö $VVRFLDWLRQ DQG FRQGXFWV
DSSURYDO WHVWV RQ LQGXVWULDO SURGXFWVï 8/ KDV
VWULFWO\ SUHVFULEHG WKH VDIHW\ VWDQGDUG LQ DQ
H[WUHPHO\ ZLGH UDQJHñ DVVXPLQJ HYHU\ SRVVLEOH
VLWXDWLRQ GXULQJ XVH RI SURGXFWVï 7KH 8/ PDUN KDV
H[WUHPHO\ KLJK DXWKRULW\ DQG UHOLDELOLW\ DQG LV
PDQGDWHG E\ WKH VWDWH ODZV DQG FLW\ RUGLQDQFHV LQ
PDQ\ 8ï6ï VWDWHVï
&DQDGD KDV D VLPLODU VWDQGDUGñ WKH &6$
6WDQGDUGï 7KH VWDQGDUG HTXLYDOHQW WR &DQDGDöV
&6$ 6WDQGDUG KDV EHHQ VWLSXODWHG E\ WKH 8ï6ï$ï
DV WKH F8/ 6WDQGDUGñ DQG SURGXFWV DSSURYHG E\
WKLV 6WDQGDUG DUH UHJDUGHG DV DSSURYHG E\ WKH
&6$ 6WDQGDUGï

F8/ DQG 8/ PDUNV

7KH )5ð(èíí VHULHV FDUULHV WKH F8/XV PDUN ZKLFK

FRYHUV ERWK WKH FRQYHQWLRQDO 8/ DQG F8/ PDUNVï

F8/XV PDUN

õëô ,QVWDOODWLRQ

7KH IROORZLQJ LQYHUWHUV KDYH EHHQ DSSURYHG DV SURGXFWV IRU XVH LQ HQFORVXUHV DQG DSSURYDO WHVWV ZHUH

FRQGXFWHG XQGHU WKH IROORZLQJ FRQGLWLRQVï )RU HQFORVXUH GHVLJQñ UHIHU WR WKHVH FRQGLWLRQV VR WKDW WKH

DPELHQW WHPSHUDWXUH RI WKH LQYHUWHU LV èíq& RU OHVVï

,QYHUWHU 7\SH &DELQHW 6L]H õ8QLWã PPô 9HQW +ROH $UHD &RROLQJ )DQ

)5ð$èëíðíïæè.
: + '

ëìí u êçí u ìæè
: '

ìçí u çí õWRS DQG ERWWRPô
1RW UHTXLUHG

)5ð$èëíðìì.
: + '

êëí u éíí u ëéí
: '

ìêí u íæí õERWWRPô

,QVWDOO D FRROLQJ IDQ DW WRS RI WKH HQFORVXUH

WR VXFN LQWHUQDO DLU WR WKH RXWVLGHï

õ)DQ DLU IORZã ìïæëPêîPLQ RU PRUHô

)5ð$èëíðëë.

&RQWURO ER[ KDYLQJ WKH

VL]H RI WKH LQYHUWHU VL]H

SOXV ìííPP LQ :ñ

ìííPP LQ + DQG èíPP

LQ '

: + '

êèí u çíí u ëéí
: '

êêí u íæí õERWWRPô

,QVWDOO D FRROLQJ IDQ DW WRS RI WKH HQFORVXUH

WR VXFN LQWHUQDO DLU WR WKH RXWVLGHï

õ)DQ DLU IORZã êïééPêîPLQ RU PRUHô

)5ð$èëíðèè.
: + '

èåí u åìè u êíí

: '

ìëê u éäë õERWWRPô
ìëê u ìëç õERWWRP u ëô
ìëê u íêí õERWWRP u ëô

,QVWDOO FRROLQJ IDQV DW WRS RI WKH HQFORVXUH

WR VXFN LQWHUQDO DLU WR WKH RXWVLGHï

õ)DQ DLU IORZã êïëéPêîPLQ RU PRUHô

)5ð$èéíðèïè.
: + '

êìí u éçí u ëëí

: '

ìíí u ëìí õWRSô
ìçí u íéå õERWWRPô

1RW UHTXLUHG

)5ð$èéíðëë.
: + '

êèí u çíí u ëéí
: '

êêí u íæí õERWWRPô

,QVWDOO FRROLQJ IDQV DW WRS RI WKH HQFORVXUH

WR VXFN LQWHUQDO DLU WR WKH RXWVLGHï

õ)DQ DLU IORZã ìïæëPêîPLQ RU PRUHô

)5ð$èéíðèè.

,QYHUWHU VL]H SOXV

ìííPP LQ :ñ ìííPP LQ

+ DQG èíPP LQ '

: + '

èèí u ççè u êíí
: '

ìëê u ìëç õERWWRP u ëô

,QVWDOO FRROLQJ IDQV DW WRS RI WKH HQFORVXUH

WR VXFN LQWHUQDO DLU WR WKH RXWVLGHï

õ)DQ DLU IORZã êïëéPêîPLQ RU PRUHô

,QYHUWHU 7\SH &DELQHW 6L]H õ8QLWã PPô 9HQW +ROH $UHD &RROLQJ )DQ

)5ð(èëíðêïæ.
: + '

ëèè u ìäë u ëìå

x èèø RI WKH FRQWURO ER[ VLGH IDFH

x ì VOLW ZLGWKã êïëPP
x /RFDWHG DW WRS RI ERWK VLGH IDFHVï

1RW UHTXLUHG
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õêô :LULQJ RI WKH SRZHU VXSSO\ DQG PRWRU

8VH WKH 8/ðDSSURYHG SRZHU VXSSO\ DQG URXQG FULPSLQJ WHUPLQDOV WR ZLUH WKH LQSXW õ5ñ 6ñ 7 õ/ìñ /ëñ /êôô

DQG RXWSXW õ8ñ 9ñ :ô WHUPLQDOV RI WKH LQYHUWHUï &ULPS WKH WHUPLQDOV ZLWK WKH FULPSLQJ WRRO UHFRPPHQGHG E\

WKH WHUPLQDO PDQXIDFWXUHUï

õéô )XVH

7KH IXVH XVHG RQ WKH LQSXW VLGH VKRXOG EH DQ\ RI WKH 8/ &ODVV .è IXVHV KDYLQJ WKH UDWLQJV DV OLVWHG

EHORZã

$SSOLFDEOH ,QYHUWHU 7\SH 5DWLQJ õ$ô $SSOLFDEOH ,QYHUWHU 7\SH 5DWLQJ õ$ô

)5ð$èëíðíïé. æïè WR ìí )5ð$èéíðíïé. è

)5ð$èëíðíïæè. ìè WR ëí )5ð$èéíðíïæè. å

)5ð$èëíðìïè. ëè WR êí )5ð$èéíðìïè. ìí

)5ð$èëíðëïë. êí WR éí )5ð$èéíðëïë. ëí

)5ð$èëíðêïæ. éè WR çí )5ð$èéíðêïæ. êè

)5ð$èëíðèïè. æè WR äí )5ð$èéíðèïè. éè

)5ð$èëíðæïè. äí WR ìëè )5ð$èéíðæïè. çí

)5ð$èëíðìì. ììè WR ìæè )5ð$èéíðìì. äí

)5ð$èëíðìè. ìäí WR ëëè )5ð$èéíðìè. ììí

)5ð$èëíðìåïè. ëëè WR êíí )5ð$èéíðìåïè. ìëè

)5ð$èëíðëë. ëçè WR êèí )5ð$èéíðëë. ìèí

)5ð$èëíðêí. êéí WR éèí )5ð$èéíðêí. ëëè

)5ð$èëíðêæ. êæè WR èíí )5ð$èéíðêæ. ëèí

)5ð$èëíðéè. éèí WR çíí )5ð$èéíðéè. êíí

)5ð$èëíðèè. çíí )5ð$èéíðèè. êèí

$SSOLFDEOH ,QYHUWHU 7\SH 5DWLQJ õ$ô

)5ð(èëíðíïì. é

)5ð(èëíðíïë. ç

)5ð(èëíðíïé. æïè WR ìí

)5ð(èëíðíïæè. ìè WR ëí

)5ð(èëíðìïè. ëè WR êí

)5ð(èëíðëïë. êí WR éí

)5ð(èëíðêïæ. éè WR çí

õèô 6KRUWðFLUFXLW UDWLQJ

7KLV LQYHUWHU KDV EHHQ SXW WR WKH VKRUWðFLUFXLW WHVW RI WKH 8/ LQ WKH $& FLUFXLW ZKRVH SHDN FXUUHQW DQG

YROWDJH DUH OLPLWHG WR ó $ DQG èíí9 PD[LPXP UHVSHFWLYHO\ DQG FRQIRUPV WR WKLV FLUFXLWï

$SSOLFDEOH ,QYHUWHU 7\SH *

)5ð$èëíðìïè. WR êæ.

)5ð$èéíðìïè. WR êæ.
èñííí

)5ð$èëíðéè.ñ èè.

)5ð$èéíðéè.ñ èè.
ìíñííí

$SSOLFDEOH ,QYHUWHU 7\SH *

)5ð(èëíðìïè. WR êïæ. èñííí
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ëïäïë &RPSOLDQFH ZLWK WKH (XURSHDQ 'LUHFWLYHV

õìô$ERXW WKH (XURSHDQ 'LUHFWLYHV

)RU (XURSHDQ XQLILFDWLRQñ KDUPRQL]HG UXOHV FRPPRQ WR DOO FRXQWULHV IRU IUHH PRYHPHQWV DQG VDOHV RI

SHRSOHñ WKLQJV DQG VHUYLFHV DUH EHLQJ PDGHï $V RQH ZD\ RI WKLV UXOH PDNLQJñ WKH (& &RPPLWWHH KDV

FRPSLOHG ìê GLUHFWLYHV DV WKH WHFKQRORJLFDO XQLIRUP VWDQGDUGV RQ KHDOWK DQG VDIHW\ñ DQG HDFK FRXQWU\ LV

OHJLVODWLQJ LQ DFFRUGDQFH ZLWK WKHVH GLUHFWLYHVï 3URGXFWV FRYHUHG E\ WKHVH GLUHFWLYHV DUH REOLJHG WR FDUU\

WKH &( PDUNñ DQG WKH SHUPLVVLRQ RI H[SRUW WR DQG IUHH PRYHPHQWV DQG VDOHV LQ WKH (XURSHDQ GLVWULFW LV

RQO\ JLYHQ WR SURGXFWV FDUU\LQJ WKH &( PDUNï 7KH IROORZLQJ WKUHH GLUHFWLYHV DUH FRQFHUQHG ZLWK GULYH

SURGXFWVã

ìô 0DFKLQHU\ 'LUHFWLYHã 6WLSXODWHV WKH VDIHW\ RI PDFKLQHU\ñ DQG IXQGDPHQWDOO\ UHTXLUHV WKDW DQ\ PDFKLQH VKRXOG QRW

WKUHDWHQ WKH KHDOWK DQG VDIHW\ RI OLYLQJ FUHDWXUHV DQG WKH VDIHW\ RI WKLQJV ZKHQ LW LV LQVWDOOHG DQG PDLQWDLQHG

FRUUHFWO\ DQG RSHUDWHG SURSHUO\ï 6LQFH LQYHUWHUV DUH FRPSRQHQWV GHVLJQHG WR FRQWURO PDFKLQHVîDSSDUDWXVHVñ ZH

XQGHUVWDQG WKDW WKH\ DUH QRW FRYHUHG E\ WKLV GLUHFWLYH GLUHFWO\ï

ëô (0& 'LUHFWLYHã 3UHVFULEHV HOHFWURPDJQHWLF FRPSDWLELOLW\ DQG IXQGDPHQWDOO\ UHTXLUHV WKDW DQ\ HTXLSPHQW VKRXOG

QRW DIIHFW RWKHU HTXLSPHQW DGYHUVHO\ E\ HOHFWURPDJQHWLF LQWHUIHUHQFH DQG VKRXOG KDYH DGHTXDWH QRLVH LPPXQLW\ï

6LQFH LQYHUWHUV DUH FRPSRQHQWV GHVLJQHG WR FRQWURO PDFKLQHVîDSSDUDWXVHVñ ZH XQGHUVWDQG WKDW WKH\ DUH QRW

FRYHUHG E\ WKLV GLUHFWLYH GLUHFWO\ï +RZHYHUñ ZH KDYH PDGH DYDLODEOH WKH (XURSHDQ 6WDQGDUGðFRPSOLDQW QRLVH ILOWHU

DQG RXU 7HFKQLFDO ,QIRUPDWLRQîLQVWDOODWLRQ JXLGH VR WKDW PDFKLQHVîDSSDUDWXVHV LQFRUSRUDWLQJ LQYHUWHUV PD\

FRPSO\ ZLWK WKH (0& 'LUHFWLYH DV HDVLO\ DV SRVVLEOHï

êô /RZ 9ROWDJH 'LUHFWLYHã 6HWV IRUWK WKH VDIHW\ RI HOHFWULFDO HTXLSPHQW DQG EDVLFDOO\ UHTXLUHV WKDW DQ\ HOHFWULFDO

HTXLSPHQW VKRXOG QRW WKUHDWHQ WKH KHDOWK DQG VDIHW\ RI OLYLQJ FUHDWXUHV DQG WKH VDIHW\ RI WKLQJV ZKHQ LW LV LQVWDOOHG

DQG PDLQWDLQHG FRUUHFWO\ DQG RSHUDWHG SURSHUO\ï

6LQFH WKLV GLUHFWLYH DSSOLHV WR HTXLSPHQW RSHUDWLQJ DW WKH SRZHU VXSSO\ YROWDJHV RI èí WR ìííí9$& DQG æè WR

ìèíí9'&ñ LQYHUWHUV DUH FRYHUHG E\ WKLV GLUHFWLYH DQG WKH &( PDUN LV SODFHG RQ WKH LQYHUWHUV FRQIRUPLQJ WR WKLV

GLUHFWLYHï

&( PDUN

õëô(0& 'LUHFWLYH

ìô 2XU YLHZ RI WUDQVLVWRUL]HG LQYHUWHUV IRU WKH (0& 'LUHFWLYH

$ WUDQVLVWRUL]HG LQYHUWHU GRHV QRW IXQFWLRQ LQGHSHQGHQWO\ï ,W LV D FRPSRQHQW GHVLJQHG IRU LQVWDOODWLRQ LQ D FRQWURO

ER[ DQG IRU XVH ZLWK WKH RWKHU HTXLSPHQW WR FRQWURO WKH HTXLSPHQWîGHYLFHï 7KHUHIRUHñ ZH XQGHUVWDQG WKDW WKH

(0& 'LUHFWLYH GRHV QRW DSSO\ GLUHFWO\ WR WUDQVLVWRUL]HG LQYHUWHUVï )RU WKLV UHDVRQñ ZH GR QRW SODFH WKH &( PDUN RQ

WKH WUDQVLVWRUL]HG LQYHUWHUV WKHPVHOYHVï õ7KH &( PDUN LV SODFHG RQ LQYHUWHUV LQ DFFRUGDQFH ZLWK WKH /RZ 9ROWDJH

'LUHFWLYHïô 7KH (XURSHDQ SRZHU GULYH PDQXIDFWXUHUVö RUJDQL]DWLRQ õ&(0(3ô DOVR KROGV WKLV SRLQW RI YLHZï

ëô &RPSOLDQFH

:H XQGHUVWDQG WKDW WKH WUDQVLVWRUL]HG LQYHUWHUV WKHPVHOYHV DUH QRW FRYHUHG GLUHFWO\ E\ WKH (0& 'LUHFWLYHï

+RZHYHUñ WKH (0& 'LUHFWLYH DSSOLHV WR PDFKLQHVîHTXLSPHQW LQWR ZKLFK WUDQVLVWRUL]HG LQYHUWHUV KDYH EHHQ

LQFRUSRUDWHGñ DQG WKHVH PDFKLQHV DQG HTXLSPHQW PXVW FDUU\ WKH &( PDUNVï +HQFHñ ZH SUHSDUHG WKH WHFKQLFDO

LQIRUPDWLRQ û(0& ,QVWDOODWLRQ *XLGHOLQHVû õLQIRUPDWLRQ QXPEHU %&1ð$ëìíéìðëíëô VR WKDW PDFKLQHV DQG

HTXLSPHQW LQFRUSRUDWLQJ WUDQVLVWRUL]HG LQYHUWHUV PD\ FRQIRUP WR WKH (0& 'LUHFWLYH PRUH HDVLO\ï
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ëçé

êô 2XWOLQH RI LQVWDOODWLRQ PHWKRG

,QVWDOO DQ LQYHUWHU LQ WKH IROORZLQJ PHWKRGã

z 8VH WKH LQYHUWHU ZLWK DQ (XURSHDQ 6WDQGDUGðFRPSOLDQW QRLVH ILOWHUï

z )RU ZLULQJ EHWZHHQ WKH LQYHUWHU DQG PRWRUñ XVH VKLHOGHG FDEOHV RU UXQ WKHP LQ PHWDO SLSLQJ DQG JURXQG WKH

FDEOHV RQ WKH LQYHUWHU DQG PRWRU VLGHV ZLWK WKH VKRUWHVW SRVVLEOH GLVWDQFHï

z ,QVHUW D OLQH QRLVH ILOWHU DQG IHUULWH FRUHV LQWR WKH SRZHU DQG FRQWURO OLQHV DV UHTXLUHGï

)XOO LQIRUPDWLRQ LQFOXGLQJ WKH (XURSHDQ 6WDQGDUGðFRPSOLDQW QRLVH ILOWHU VSHFLILFDWLRQV DUH ZULWWHQ LQ WKH

WHFKQLFDO LQIRUPDWLRQ û(0& ,QVWDOODWLRQ *XLGHOLQHVû õLQIRUPDWLRQ QXPEHU %&1ð$ëìíéìðëíëôï 3OHDVH FRQWDFW

\RXU VDOHV UHSUHVHQWDWLYHï

3RZHU
VXSSO\

&RQWURO ER[

(0&
QRLVH
ILOWHU

,QYHUWHU 0RWRU

1RLVH )LOWHU :LULQJ 'LDJUDP

õêô/RZ 9ROWDJH 'LUHFWLYH

ìô 2XU YLHZ RI WUDQVLVWRUL]HG LQYHUWHUV IRU WKH /RZ 9ROWDJH 'LUHFWLYH

7UDQVLVWRUL]HG LQYHUWHUV DUH FRYHUHG E\ WKH /RZ 9ROWDJH 'LUHFWLYHï

ëô &RPSOLDQFH

:H KDYH VHOIðGHFODUHG RXU LQYHUWHUV DV SURGXFWV FRPSOLDQW WR WKH /RZ 9ROWDJH 'LUHFWLYH DQG SODFH WKH &( PDUN

RQ WKH LQYHUWHUVï

êô 2XWOLQH RI LQVWUXFWLRQV

z ,Q WKH éíí9 FODVV LQYHUWHUVñ WKH UDWHG LQSXW YROWDJH UDQJH LV WKUHHðSKDVHñ êåí9 WR éìè9ñ èíîçí+]ï

z &RQQHFW WKH HTXLSPHQW WR WKH HDUWK VHFXUHO\ï 'R QRW XVH DQ HDUWK OHDNDJH FLUFXLW EUHDNHU DV DQ HOHFWULF VKRFN

SURWHFWRU ZLWKRXW FRQQHFWLQJ WKH HTXLSPHQW WR WKH HDUWKï

z :LUH WKH HDUWK WHUPLQDO LQGHSHQGHQWO\ï õ'R QRW FRQQHFW WZR RU PRUH FDEOHVïô

z 8VH WKH QRðIXVH EUHDNHU DQG PDJQHWLF FRQWDFWRU ZKLFK FRQIRUP WR WKH (1 RU ,(& 6WDQGDUGï

z 8VH WKH LQYHUWHU XQGHU WKH FRQGLWLRQV RI RYHUYROWDJH FDWHJRU\ ,, DQG FRQWDPLQDWLRQ OHYHO ë RU OHVV DV VHW IRUWK LQ

,(&ççéï

õDô 7R PHHW WKH RYHUYROWDJH FDWHJRU\ ,,ñ LQVHUW DQ (1 RU ,(& 6WDQGDUGðFRPSOLDQW LVRODWLRQ WUDQVIRUPHU RU VXUJH

VXSSUHVVRU LQ WKH LQSXW RI WKH LQYHUWHUï

õEô 7R PHHW WKH FRQWDPLQDWLRQ OHYHO ëñ LQVWDOO WKH LQYHUWHU WR D FRQWURO ER[ SURWHFWHG DJDLQVW LQJUHVV RI ZDWHUñ

RLOñ FDUERQñ GXVWñ HWFï õ,3èé RU KLJKHUôï

z 2Q WKH LQSXW DQG RXWSXW RI WKH LQYHUWHUñ XVH FDEOHV RI WKH W\SH DQG VL]H VHW IRUWK LQ (1çíëíé $SSHQGL[ &ï

z 7KH RSHUDWLQJ FDSDFLW\ RI WKH UHOD\ RXWSXWV õWHUPLQDO V\PEROV $ñ %ñ &ô VKRXOG EH êí9'&ñ íïê$ï õ7KH UHOD\

RXWSXWV DUH EDVLFDOO\ LVRODWHG IURP WKH LQYHUWHUöV LQWHUQDO FLUFXLWU\ïô

'HWDLOV DUH JLYHQ LQ WKH WHFKQLFDO LQIRUPDWLRQ û/RZ 9ROWDJH 'LUHFWLYH &RQIRUPDQFH *XLGHû õLQIRUPDWLRQ

QXPEHU %&1ð$ëìíéìðëíêôï 3OHDVH FRQWDFW \RXU VDOHV UHSUHVHQWDWLYHï
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êïæ &LUFXLW IRU $XWRPDWLF 5HVWDUW DIWHU ,QVWDQWDQHRXV 3RZHU )DLOXUH &20021 ðððððððððððððððððððððð ëåì

êïå $XWRPDWLF 2SHUDWLRQ RI )DQñ 3XPS RU WKH /LNH 8VLQJ 6SHHG 6HWWHU &20021 ððððððððððððððððð ëåë
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êïìì ,QYHUWHU $ODUP 2XWSXW 'LVSOD\ DQG )DLOXUH 5HVHW $èíí ððððððððððððððððððððððððððððððððððððððððð ëåç

êïìë 0XOWLð6SHHG 2SHUDWLRQ $SSOLFDWLRQ ([DPSOH &20021 ððððððððððððððððððððððððððððððððððððððððððððð ëåæ

êïìê -RJ 2SHUDWLRQ LQ ([WHUQDO 2SHUDWLRQ 0RGH $èíí ðððððððððððððððððððððððððððððððððððððððððððððððð ëåå

êïìé 2SHUDWLRQ 8VLQJ WKH 6HFRQG $FFHOHUDWLRQî'HFHOHUDWLRQ 7LPH &20021 ððððððððððððððððððððððð ëåä

êïìè 6WDUW 6LJQDO õ7KUHHð:LUHô +ROGLQJ &20021 ððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëäí

êïìç 5HYHUVLEOH 2SHUDWLRQ E\ $QDORJ ,QSXW $èíí ððððððððððððððððððððððððððððððððððððððððððððððððððððððððð ëäì
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6HW YDULRXV IXQFWLRQV DFFRUGLQJ WR WKH ORDG VSHFLILFDWLRQV DQG RSHUDWLQJ FRQGLWLRQVï 7KH SXUSRVHV RI XVH DQG

DSSOLHG IXQFWLRQV DUH OLVWHG EHORZï

7KH SDUDPHWHU QXPEHUV LQGLFDWHG DUH WKRVH RI WKH )5ð$èííï 7KH SDUDPHWHU QXPEHUV RI WKH RWKHU VHULHV DUH

GLIIHUHQW IURP WKRVH OLVWHG EHORZï 5HIHU WR WKH FRUUHVSRQGLQJ FDWDORJ RU PDQXDOï

3DUDPHWHU 1XPEHUV
3XUSRVH RI 8VH

3DUDPHWHU QXPEHUV ZKLFK PXVW EH VHW

$GMXVWPHQW RI DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH DQG SDWWHUQ 3Uï æñ 3Uï åñ 3Uï ëíñ 3Uï ëì

0RWRU RYHUKHDW SURWHFWLRQ 3Uï ä

6HOHFWLRQ RI RSWLPXP RXWSXW FKDUDFWHULVWLF IRU ORDG FKDUDFWHULVWLF 3Uï ê

/LPLW RI RXWSXW IUHTXHQF\ 3Uï ìñ 3Uï ëñ 3Uï ìå

2SHUDWLRQ RYHU çí+] 3Uï äíêñ 3Uï äíè

$GMXVWPHQW RI IUHTXHQF\ VHWWLQJ VLJQDO DQG RXWSXW 3Uï æêñ 3Uï äíëñ 3Uï äíêñ 3Uï äíéñ 3Uï äíè

&DOLEUDWLRQ RI IUHTXHQF\ PHWHU 3Uï èéñ 3Uï èèñ 3Uï èçñ 3Uï ìèåñ 3Uï äíí

$GMXVWPHQW RI GLJLWDO IUHTXHQF\ PHWHU 3Uï èéñ 3Uï èèñ 3Uï èçñ 3Uï äíí

$GMXVWPHQW RI PRWRU RXWSXW WRUTXH 3Uï íñ 3Uï åíñ 3Uï åì

0XOWLðVSHHG RSHUDWLRQ

3Uï éñ 3Uï èñ 3Uï çñ 3Uï ëéñ 3Uï ëèñ 3Uï ëçñ 3Uï ëæñ

3Uï ëêëñ 3Uï ëêêñ 3Uï ëêéñ 3Uï ëêèñ 3Uï ëêçñ 3Uï ëêæñ 3Uï

ëêåñ 3Uï ëêä

-RJ RSHUDWLRQ 3Uï ìèñ 3Uï ìç

)UHTXHQF\ MXPS RSHUDWLRQ 3Uï êìñ 3Uï êëñ 3Uï êêñ 3Uï êéñ 3Uï êèñ 3Uï êç

5HYHUVLEOH RSHUDWLRQ DFFRUGLQJ WR DQDORJ VLJQDO SRODULW\ 3Uï ëåñ 3Uï æê

$XWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUH 3Uï èæñ 3Uï èå

$GMXVWPHQW RI EUDNH RSHUDWLRQ 3Uï ìíñ 3Uï ììñ 3Uï ìë

7LPLQJ RI PDJQHWLF EUDNH RSHUDWLRQ 3Uï éë

'LVSOD\ RI VSHHG HWFï 3Uï êæñ 3Uï èëñ 3Uï èê

)XQFWLRQ UHZULWH SUHYHQWLRQ 3Uï ææ

5HYHUVH URWDWLRQ SUHYHQWLRQ 3Uï æå

2SWLPXP DFFHOHUDWLRQîGHFHOHUDWLRQ ZLWKLQ FRQWLQXRXV UDWLQJ UDQJH 3Uï çí

(QHUJ\ðVDYLQJ RSHUDWLRQ 3Uï çí

$XWRPDWLF UHVWDUW DIWHU DODUP VWRS 3Uï çèñ 3Uï çæñ 3Uï çåñ 3Uï çä

6XEðPRWRU RSHUDWLRQ
3Uï íñ 3Uï êñ 3Uï æñ 3Uï åñ 3Uï ééñ 3Uï éèñ 3Uï éçñ 3Uï éæñ

3Uï ììíñ 3Uï ìììñ 3Uï ììëñ 3Uï ììê

7R PDNH GHVLUHG RXWSXW FKDUDFWHULVWLFV õ9î) SDWWHUQô 3Uï ìíí WR 3Uï ìíä

2SHUDWLRQ YLD FRPPXQLFDWLRQ ZLWK SHUVRQDO FRPSXWHU 3Uï ììæ WR 3Uï ìëé

2SHUDWLRQ XQGHU 3,' FRQWURO 3Uï ìëå WR 3Uï ìêé

7R SHUIRUP FRPPHUFLDO SRZHU VXSSO\ðLQYHUWHU VZLWFKðRYHU

RSHUDWLRQ
3Uï ìêè WR 3Uï ìêä

7R PDNH EDFNODVK FRPSHQVDWLRQ 3Uï ìéí WR 3Uï ìéê

7R GHWHFW FXUUHQW 3Uï ìèí WR 3Uï ìèê

$VVLJQPHQW RI LQSXW WHUPLQDO IXQFWLRQV 3Uï ìåí WR 3Uï ìåç

$VVLJQPHQW RI RXWSXW WHUPLQDO IXQFWLRQV 3Uï ìäí WR 3Uï ìäè

7R VXSSUHVV QRLVH 3Uï æëñ 3Uï ëéí

7R JURXS SDUDPHWHUV 3Uï ìçíñ 3Uï ìæê WR 3Uï ìæç

7R VHW LQLWLDO YDOXHV IRU SDUDPHWHUV 3Uï ìää

&OHDULQJ RI LQYHUWHUöV DFWXDO RSHUDWLRQ WLPH 3Uï ìæì

+LJKðVSHHG IUHTXHQF\ FRQWURO RSHUDWLRQ 3Uï ëæì WR 3Uï ëæé

7R H[HUFLVH VWRSðRQðFRQWDFW FRQWURO 3Uï ëæèñ 3Uï ëæç

7R LQFUHDVH FRROLQJ IDQ OLIH 3Uï ëéé

7R GHFHOHUDWH LQYHUWHU WR D VWRS DW SRZHU IDLOXUH 3Uï ëçì WR 3Uï ëçç

$GYDQFHG PDJQHWLF IOX[ YHFWRU FRQWURO RSHUDWLRQ 3Uï åíñ 3Uï åì

3URJUDPPHG RSHUDWLRQ 3Uï ëíí WR 3Uï ëêì

6HOHFWLRQ RI NH\ EHHS 3Uï ääí
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3.2 Standard Connection Diagrams Common

The circuit diagrams shown in this chapter are reference circuit diagrams used to activate functions.
When designing actual circuits, examine the operations of the machine and system and the rating, safety
interlocks and others devices such as the contactors, relays and other equipment used.

3.2.1 Standard connection diagram of the inverter equipped with
magnetic contactor on primary side (FR-AX manual controller used) COMMON

IM

U

V

W

R (L1)

S (L2)

T (L3)

FM

SD

STF

STR

NFB

F

"OFF"
PB2 T

T

MC

Hz

10

2

5

FMVRN

SD2

SD1

STF

STR

MC

10

2

5
VRS

"FWD"

"REV"

"ON"
PB1

MC

MC

B

C

Power
supply

(Note 1)

T (Note 3)

(Coasting interlock timer)

Ready (Note 4)

FR-AX manual controller

"SPEED"
Frequency

meter

Calibration
resistor

Inverter

Motor

Ground

"SPEED SET"
Frequency setting

potentiometer

Note: 1. This magnetic contactor is provided to prevent an automatic restart when power is restored after a
power failure. Use the start signal (ON-OFF across terminals STF-SD, STR-SD) to make a start
and stop.

2. The inverter stops when both signals of the STF and STR terminals turn off.
3. Provide a control transformer when the power supply is 400V class.
4. When the motor shaft inertia is small, for example, this circuit may be omitted by utilizing the

current limit function of the inverter.
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êïëïë 6WDQGDUG FRQQHFWLRQ GLDJUDP RI WKH LQYHUWHU HTXLSSHG ZLWK PDJQHWLF

FRQWDFWRU RQ SULPDU\ VLGH õZLWK 7\SH %8 EUDNH XQLWô &20021

,0

8

9
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5
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õòô 3
35

3

3&

+$

+%

+&

7%

1

0&

õðô 1

5(6

6'

õ1RWH ìô

7 õ1RWH ëô

5HDG\
%8 EUDNH
XQLW

6WRS
3%è

)RUZDUG
URWDWLRQ
3%ê

5HYHUVH
URWDWLRQ
3%é

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ë:ìN:

,QYHUWHU

0RWRU

*URXQG

'LVFKDUJH
UHVLVWRU

%8 EUDNH XQLW

5HPRYHï

5HVHW
3%ç

õ1RWH êô

3RZHU
VXSSO\

)UHTXHQF\ PHWHU
0RYLQJðFRLO W\SH ìP$

5HODWHG SDUDPHWHU
x 5HVHW VHOHFWLRQñ 3Uï æè

1RWHã ìï 7KLV PDJQHWLF FRQWDFWRU LV SURYLGHG WR SUHYHQW DQ DXWRPDWLF UHVWDUW ZKHQ SRZHU LV UHVWRUHG DIWHU D

SRZHU IDLOXUHï 8VH WKH VWDUW VLJQDO õ21ð2)) DFURVV WHUPLQDOV 67)ð6'ñ 675ð6'ô WR PDNH D VWDUW

DQG VWRSï

ëï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï

êï 6HW ûìû ûUHVHW HQDEOHG RQO\ ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGû LQ 3Uï æè WR GLVDEOH UHVHWWLQJ WKH

LQYHUWHU GXULQJ QRUPDO RSHUDWLRQï õ,I WKH LQYHUWHU LV UHVHW GXULQJ QRUPDO RSHUDWLRQñ WKH PRWRU FRDVWV

WR D VWRSï 7KLV VHWWLQJ LV PDGH WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ DQ DODUP LI WKH PRWRU LV VWLOO

FRDVWLQJ ZKHQ WKH LQYHUWHU KDV UHWXUQHG IURP WKH UHVHW VWDWXVïô
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êïëïê 6WDQGDUG FRQQHFWLRQ GLDJUDP RI WKH LQYHUWHU HTXLSSHG ZLWK PDJQHWLF

FRQWDFWRU RQ SULPDU\ VLGH õZKHQ UHJHQHUDWLYH EUDNH GXW\ LV ODUJHô &20021
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õ1RWH êô5HODWHG SDUDPHWHU
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)UHTXHQF\ PHWHU
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1RWHã ìï 7KLV PDJQHWLF FRQWDFWRU LV SURYLGHG WR SUHYHQW DQ DXWRPDWLF UHVWDUW ZKHQ SRZHU LV UHVWRUHG DIWHU D

SRZHU IDLOXUHï 8VH WKH VWDUW VLJQDO õ21ð2)) DFURVV WHUPLQDOV 67)ð6'ñ 675ð6'ô WR PDNH D VWDUW

DQG VWRSï

ëï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï

êï 6HW ûìû ûUHVHW HQDEOHG RQO\ ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGû LQ 3Uï æè WR GLVDEOH UHVHWWLQJ WKH

LQYHUWHU GXULQJ QRUPDO RSHUDWLRQï õ,I WKH LQYHUWHU LV UHVHW GXULQJ QRUPDO RSHUDWLRQñ WKH PRWRU FRDVWV

WR D VWRSï 7KLV VHWWLQJ LV PDGH WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ DQ DODUP LI WKH PRWRU LV VWLOO

FRDVWLQJ ZKHQ WKH LQYHUWHU KDV UHWXUQHG IURP WKH UHVHW VWDWXVïô

éï :KHQ XVLQJ DQ H[WHUQDO EUDNH UHVLVWRU RU EUDNH XQLWñ UHPRYH WKH MXPSHU IURP DFURVV 35ð3;ï
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êïëïé 6WDQGDUG FRQQHFWLRQ GLDJUDP RI WKH LQYHUWHU ZLWKRXW PDJQHWLF
FRQWDFWRU RQ SULPDU\ VLGH &20021
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)UHTXHQF\ PHWHU
0RYLQJðFRLO W\SH ìP$

1RWHã ìï 6HW ûìû ûUHVHW HQDEOHG RQO\ ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGû LQ 3Uï æè WR GLVDEOH UHVHWWLQJ WKH
LQYHUWHU GXULQJ QRUPDO RSHUDWLRQï õ,I WKH LQYHUWHU LV UHVHW GXULQJ QRUPDO RSHUDWLRQñ WKH PRWRU FRDVWV
WR D VWRSï 7KLV VHWWLQJ LV PDGH WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ DQ DODUP LI WKH PRWRU LV VWLOO
FRDVWLQJ ZKHQ WKH LQYHUWHU KDV UHWXUQHG IURP WKH UHVHW VWDWXVïô

ëï 'XULQJ RSHUDWLRQñ VZLWFKðRYHU IURP ûIRUZDUG URWDWLRQû WR ûVWRSû WR ûUHYHUVH URWDWLRQû PD\ EH PDGHï
,Q WKLV FDVHñ ZKHQ WKH UHYHUVH URWDWLRQ VLJQDO LV WXUQHG RQñ WKH UHJHQHUDWLYH EUDNH LV DSSOLHG GRZQ
WR WKH IRUZDUG URWDWLRQ IUHTXHQF\ RI íïè+]ñ WKH RSSRVLWHðSKDVH EUDNH LV DSSOLHG DW RU OHVV WKDQ WKH
VWDUWLQJ IUHTXHQF\ñ DQG DFFHOHUDWLRQ LQ UHYHUVH URWDWLRQ LV VWDUWHG DW WKDW IUHTXHQF\ï õ'& G\QDPLF
EUDNH LV QRW DSSOLHGïô

)

5
)

)

5

5

6
SH
H
G

&KDQJHðRYHU IURP IRUZDUG
URWDWLRQ WR UHYHUVH URWDWLRQ

7LPH

$FFHOHUDWLRQ
5HYHUVH URWDWLRQ

2SSRVLWHðSKDVH EUDNH

6WRS
3%ê

)RUZDUG
URWDWLRQ
3%ì

5HYHUVH
URWDWLRQ
3%ë)RUZDUG

URWDWLRQ

'HFHOHUDWLRQ

êï :KHQ PDNLQJ ûIRUZDUG URWDWLRQû WR ûUHYHUVH URWDWLRQû FKDQJHðRYHU GXULQJ IRUZDUG URWDWLRQ LQ WKH
DERYH FKDUWñ FKDQJH SDUW RI WKH FRQQHFWLRQ GLDJUDP DV VKRZQ RQ WKH ULJKW õDERYHôï

éï :KHQ WKH )5ð$èíí VHULHV æïè. RU OHVV LV XVHG IRU F\FOLF RU KHDY\ GXW\ RSHUDWLRQñ LW LV
UHFRPPHQGHG WR LQVWDOO D PDJQHWLF FRQWDFWRU LQ WKH SULPDU\ VLGH WR SUHYHQW WKH EUDNH GLVFKDUJH
UHVLVWRU IURP RYHUKHDWîEXUQRXW LI WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU LV GDPDJHG GXH WR WKH WKHUPDO
FDSDFLW\ VKRUWDJH RI WKH GLVFKDUJH UHVLVWRUñ DQ H[FHVVLYH UHJHQHUDWLYH EUDNH GXW\ HWFï

èï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
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3RZHU
VXSSO\

7 õ1RWH éô

5HDG\

$FFHOHUDWLRQ
'HFHOHUDWLRQ

'& SRZHU VXSSO\

)5ð).
PRWRUL]HG VSHHG VHWWHU

6WDUW VZLWFK

5HVHW

&DOLEUDWLRQ UHVLVWRU
ìîê:ìíN:

7ZLVWHG FDEOH RU WZLVWHG
VKLHOGHG FDEOH XVHG

,QYHUWHU

5(6 õ1RWH êô

0RWRU

*URXQG

)UHTXHQF\
PHWHU
0RYLQJðFRLO
W\SH ìP$

5HODWHG SDUDPHWHU
x 5HVHW VHOHFWLRQñ 3Uï æè

1RWHã ìï 5XQ WKH VLJQDO OLQHV DZD\ IURP WKH SRZHU OLQHVï 1RW GRLQJ VR FDQ FDXVH WKH VLJQDO OLQH WR DFW DV DQ
DQWHQQD DQG EH DIIHFWHG PRUH HDVLO\ E\ H[WHUQDO QRLVHï

ëï 7KH IUHTXHQF\ PHWHU FRQQHFWLRQ FDEOH PD\ EH LQFUHDVHG XS WR ëííP LQ OHQJWKï õ,QVWDOO WKH
FDOLEUDWLRQ UHVLVWRU QHDU WKH IUHTXHQF\ PHWHUïô

êï 6HW ûìû ûUHVHW HQDEOHG RQO\ ZKHQ SURWHFWLYH IXQFWLRQ LV DFWLYDWHGû LQ 3Uï æè WR GLVDEOH UHVHWWLQJ WKH
LQYHUWHU GXULQJ QRUPDO RSHUDWLRQï õ,I WKH LQYHUWHU LV UHVHW GXULQJ QRUPDO RSHUDWLRQñ WKH PRWRU FRDVWV
WR D VWRSï 7KLV VHWWLQJ LV PDGH WR SUHYHQW WKH LQYHUWHU IURP UHVXOWLQJ LQ DQ DODUP LI WKH PRWRU LV VWLOO
FRDVWLQJ ZKHQ WKH LQYHUWHU KDV UHWXUQHG IURP WKH UHVHW VWDWXVïô

éï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
èï :KHQ WKH HOHFWULF FKDQQHO OHQJWK EHWZHHQ LQYHUWHU DQG PRWRU LV ODUJHã
ìô $V WKH RXWSXW YROWDJH RI WKH LQYHUWHU LQFOXGHV KDUPRQLFVñ FRQWLQXRXV OHDNDJH FXUUHQW GXH WR WKH
WRðJURXQG FDSDFLWDQFHV LQ WKH LQYHUWHUðWRðPRWRU HOHFWULF FKDQQHO LQFUHDVHV DQG WKH HDUWK OHDNDJH
FLUFXLW EUHDNHU RU HDUWK OHDNDJH UHOD\ PD\ RSHUDWH XQQHFHVVDULO\ï
:LUH WKH FDEOHV EHWZHHQ WKH LQYHUWHU DQG PRWRU RYHU WKH VKRUWHVW GLVWDQFH DQG LQFUHDVH WKH
HOHFWULF FKDQQHOðWRðJURXQG GLVWDQFH õLïHï GLVWDQFH EHWZHHQ FDEOHV DQG JURXQGôï

ëô $W D ORZ IUHTXHQF\ñ WKH PRWRU WRUTXH PD\ UHGXFH GXH WR D YROWDJH GURS LQ WKH FDEOHVï õ5HIHU WR
6HFWLRQ ëïçïéïô
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3RZHU
VXSSO\

0& õ1RWH éô

)UHTXHQF\ PHWHU &DOLEUDWLRQ UHVLVWRU 7ZLVWHG FDEOH RU WZLVWHG
VKLHOGHG FDEOH XVHG

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

5HPRWH LQVWDOODWLRQ

&XUUHQW VLJQDO
IRU DXWRPDWLF
RSHUDWLRQ

'&
SRZHU
VXSSO\

6WDUW VZLWFK

6WRS VZLWFK

,QYHUWHU

0RWRU

*URXQG

0DQXDO RSHUDWLRQ

$XWRPDWLF RSHUDWLRQ

1RWHã ìï 5XQ WKH VLJQDO OLQHV DZD\ IURP WKH SRZHU OLQHVï 1RW GRLQJ VR FDQ FDXVH WKH VLJQDO OLQH WR DFW DV DQ
DQWHQQD DQG EH DIIHFWHG PRUH HDVLO\ E\ H[WHUQDO QRLVHï

ëï 7KH IUHTXHQF\ PHWHU FRQQHFWLRQ FDEOH PD\ EH LQFUHDVHG XS WR ëííP LQ OHQJWKï õ,QVWDOO WKH
FDOLEUDWLRQ UHVLVWRU QHDU WKH IUHTXHQF\ PHWHUïô

êï :KHQ WKH HOHFWULF FKDQQHO OHQJWK EHWZHHQ LQYHUWHU DQG PRWRU LV ODUJHã
ìô $V WKH RXWSXW YROWDJH RI WKH LQYHUWHU LQFOXGHV KDUPRQLFVñ FRQWLQXRXV OHDNDJH FXUUHQW GXH WR WKH
WRðJURXQG FDSDFLWDQFHV LQ WKH LQYHUWHUðWRðPRWRU HOHFWULF FKDQQHO LQFUHDVHV DQG WKH HDUWK OHDNDJH
FLUFXLW EUHDNHU RU HDUWK OHDNDJH UHOD\ PD\ RSHUDWH XQQHFHVVDULO\ï
:LUH WKH FDEOHV EHWZHHQ WKH LQYHUWHU DQG PRWRU RYHU WKH VKRUWHVW GLVWDQFH DQG LQFUHDVH WKH
HOHFWULF FKDQQHOðWRðJURXQG GLVWDQFH õLïHï GLVWDQFH EHWZHHQ FDEOHV DQG JURXQGôï

ëô $W D ORZ IUHTXHQF\ñ WKH PRWRU WRUTXH PD\ UHGXFH GXH WR D YROWDJH GURS LQ WKH FDEOHVï õ5HIHU WR
6HFWLRQ ëïçïéïô

éï :KHQ WKH )5ð$èíí VHULHV æïè. RU OHVV LV XVHG IRU F\FOLF RU KHDY\ GXW\ RSHUDWLRQñ LW LV
UHFRPPHQGHG WR LQVWDOO D PDJQHWLF FRQWDFWRU LQ WKH SULPDU\ VLGH WR SUHYHQW WKH EUDNH GLVFKDUJH
UHVLVWRU IURP RYHUKHDWîEXUQRXW LI WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU LV GDPDJHG GXH WR WKH WKHUPDO
FDSDFLW\ VKRUWDJH RI WKH GLVFKDUJH UHVLVWRUñ DQ H[FHVVLYH UHJHQHUDWLYH EUDNH GXW\ HWFï

èï :KHQ UXQQLQJ WZR LQYHUWHUV ZLWK D é WR ëíP$'& FXUUHQW VLJQDO DW WKH VDPH WLPHñ FRQQHFW WHUPLQDOV
éðè LQ VHULHVï 1RWH WKH SRZHU VXSSO\ FDSDFLW\ RI WKH é WR ëíP$'& VLJQDOï
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3RZHU
VXSSO\

7 õ1RWH èô

%UDNH
XQLW

5HVLVWRU
XQLW

6WRS
3%è

)RUZDUG
URWDWLRQ
3%ê

5HYHUVH
URWDWLRQ
3%é

õ1RWH éô

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ë:ìN:

,QYHUWHU

%UDNH õ1RWH êô

0RWRU

*URXQG :KHQ )5ð%8 EUDNH XQLW LV XVHG

%UDNH XQLW
)5ð%8

5HVLVWRU XQLW
)5ð%5

õ1RWH çô
([WHUQDO GLVFKDUJH UHVLVWRU
IRU UHJHQHUDWLYH EUDNH

5HVHW
3%ç

õ1RWH ìô %5

5HDG\

)UHTXHQF\ PHWHU
0RYLQJðFRLO W\SH ìP$

$èíí

:KHQ UHJHQHUDWLYH EUDNH GXW\ LV ODUJH

õæïè. RU OHVVô

õ+ô

õðô

õ+ô

1RWHã ìï :KHQ VWRSSLQJ WKH PRWRU HTXLSSHG ZLWK HOHFWURPDJQHWLF EUDNHñ XVH WKH RXWSXW VWRS WHUPLQDO
056ð6' RI WKH LQYHUWHUï $ IDLOXUH WR GR VR FDXVHV D ORFN FXUUHQW WR IORZ LQ WKH PRWRU ZKHQ WKH EUDNH
LV DSSOLHGñ DQG 2&7 PD\ RFFXUï

ëï 7KH DERYH FDXWLRQ PXVW DOVR EH WDNHQ ZKHQ XVLQJ DQ\ RWKHU PHFKDQLFDO EUDNHï
êï :KHQ D PRWRU HTXLSSHG ZLWK D EUDNH LV UXQ DW RU OHVV WKDQ êí+] FRQWLQXRXVO\ñ WKH EUDNH GLVF PD\
UDWWOH EXW WKH PRWRU PD\ EH XVHG ZLWKRXW DQ\ SUREOHP LI LW LV UXQ DW ORZ VSHHG IRU D VKRUW SHULRGñ HïJï
LQ RULHQWDWLRQï $OVRñ DV WKHUH LV D OLPLW WR WKH EUDNLQJ FDSDFLW\ñ UXQ WKH PRWRU DW QR PRUH WKDQ çí+]ï

éï ,Q WKLV FLUFXLWñ SUHVVLQJ WKH VWRS EXWWRQ VWRSV WKH PRWRU ZLWK WKH HOHFWURPDJQHWLF EUDNHï )RU
RSHUDWLRQ RI WKH HOHFWURPDJQHWLF EUDNH DIWHU WKH PRWRU LV GHFHOHUDWHG E\ WKH LQYHUWHUñ UHIHU WR
6HFWLRQ êïìíïìï

èï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
çï :KHQ XVLQJ DQ H[WHUQDO EUDNH UHVLVWRU RU EUDNH XQLWñ UHPRYH WKH MXPSHU IURP DFURVV 35ð3;ï
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PDQXDO FRQWUROOHU

,QYHUWHU
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õ1RWH ìô
2&5ì

0RWRU

õ1RWH ìô
2&5ë

õ1RWH ìô
2&5ê

1RWHã ìï 7KH HOHFWURQLF WKHUPDO UHOD\ EXLOW LQWR WKH LQYHUWHU FDQQRW EH XVHGï 8VH DQ H[WHUQDO WKHUPDO UHOD\

ZLWK HDFK PRWRUï

1RWH WKDW ZKHQ WKH FDSDFLW\ LV VPDOO DQG WKH ZLULQJ OHQJWK LV ODUJH õèíP RU PRUHôñ OLQHðWRðOLQH

OHDNDJH FXUUHQWV PD\ RSHUDWH WKH WKHUPDO UHOD\ï 5HIHU WR 6HFWLRQ ëïèïé DQG WDNH DGHTXDWH DFWLRQVï

6HW ¦í¦ õ$ô LQ WKH HOHFWURQLF WKHUPDO UHOD\ SDUDPHWHU WR VZLWFK RII WKH HOHFWURQLF WKHUPDO UHOD\ï

ëï +RZ WR VWRS WKH LQYHUWHU ZLWKRXW VZLWFKLQJ RII WKH PDJQHWLF FRQWDFWRU õ0&ô ZKHQ WKH H[WHUQDO

WKHUPDO UHOD\ LV DFWXDWHGã

8VH WKH H[WHUQDO WKHUPDO UHOD\ LQSXW WHUPLQDO õ2+ô WR FDXVH WKH LQYHUWHU WR VWRS WKH RXWSXWï õ)RU

GHWDLOVñ UHIHU WR 6HFWLRQ ìïéïäïô

2&5ì 2&5ë 2&5ê
2+

6'

êï 0RWRU VHOHFWLRQï

1R SUREOHP ZLOO DULVH ZKHQ D VSHFLILF PRWRU LV FRQQHFWHG RU VHOHFWHG ZKLOH DOO PRWRUV DUH DW D VWRSï

+RZHYHUñ LI DQ\ RI WKH PRWRUV GXULQJ D VWRS LV GLUHFWðRQ OLQH VWDUWHG E\ WKH FRQWDFWRU HWFï GXULQJ

LQYHUWHU RSHUDWLRQñ WKH FXUUHQW OLPLW IXQFWLRQ RI WKH LQYHUWHU PD\ EH DFWLYDWHG E\ WKH VWDUWLQJ FXUUHQW

RI WKDW PRWRUñ OHDGLQJ WR D VXGGHQ FKDQJH RI WKH RXWSXW IUHTXHQF\ï ,Q WKLV FDVHñ LW LV UHFRPPHQGHG

WR LQFUHDVH WKH LQYHUWHU FDSDFLW\ï

éï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
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,QYHUWHU 1Rï ì
DODUP VLJQDO

,QYHUWHU 1Rï ë
DODUP VLJQDO

7 õ1RWH êô

3RZHU
VXSSO\

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ë:ìN:

8S WR ê LQYHUWHUV PD\
EH FRQQHFWHGï

,QYHUWHU 1Rï ì

*URXQG

,QYHUWHU 1Rï ë

*URXQG

0RWRU

6WDUW VLJQDO

0RWRU

$ODUP VLJQDO

5HODWHG SDUDPHWHUV
x )UHTXHQF\ VHWWLQJ JDLQñ ELDV
3Uï äíëñ 3Uï äíê

$ODUP VLJQDO
FORVHG ZKHQ QRUPDO
RSHQHG ZKHQ IDXOW\

5DWLR FRQWURO RSHUDWLRQ
ìí

ë

ë

è

è

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ë:ìN:

5DWLR VHWWLQJ
SRWHQWLRPHWHU
ìîê:ìíN:

,QYHUWHU
1Rï ì

,QYHUWHU
1Rï ë

7KH UDWLR VHWWLQJ SRWHQWLRPHWHU PD\ EH RPLWWHG E\

VHWWLQJ WKH IUHTXHQF\ VHWWLQJ JDLQîELDV IXQFWLRQ RI WKH

RSHUDWLRQ SDQHO õSDUDPHWHU XQLWôï

1RWHã ìï %\ XVLQJ WKH IUHTXHQF\ VHWWLQJ JDLQîELDV

IXQFWLRQ RI WKH RSHUDWLRQ SDQHO õSDUDPHWHU

XQLWôñ \RX FDQ PDNH DGMXVWPHQW WR PDWFK

WKH RXWSXW IUHTXHQFLHV RI WKH WKUHH

LQYHUWHUV FRUUHVSRQGLQJ WR WKH FRPPRQ

FRPPDQG YROWDJH YDOXH IURP WKH IUHTXHQF\

VHWWLQJ SRWHQWLRPHWHUï

ëï :KHQ WZR RU PRUH PRWRUV DUH FRXSOHG

PHFKDQLFDOO\ñ ODUJHU ORDG PD\ EH DSSOLHG WR

RQH PRWRUñ UHVXOWLQJ LQ RYHUORDGï 8VH WKH

V\VWHP GHVFULEHG LQ 6HFWLRQ êïèïìï

êï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH

SRZHU VXSSO\ LV éíí9 FODVVï
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,QYHUWHU 1Rï ì

*URXQG

0RWRU

,QYHUWHU 1Rï ë

0RWRU

*URXQG

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

ë:ìN:

5HDG\

6WDUW VLJQDO

6RIW VWDUWHU
)5ð)&

5HODWHG SDUDPHWHUV
x $FFHOHUDWLRQîGHFHOHUDWLRQ
WLPH VHWWLQJñ 3Uï æñ 3Uï å

1RWHã ìï 8VH WKH VLJQDO RI WKH UHOD\ 5ë WR PDNH D VRIW VWDUWîVRIW VWRSï 7XUQ RII WKH UHOD\ 5ì DIWHU WKH PRWRU
KDV VWRSSHGï ,I LW LV WXUQHG RII GXULQJ PRWRU RSHUDWLRQñ WKH PRWRU PD\ GHFHOHUDWH DW WKH
DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH LQ WKH LQYHUWHUñ UHVXOWLQJ LQ DQ 297 WULSï

ëï 7KH WLPHV RI DFFHOHUDWLRQ DQG GHFHOHUDWLRQ PDGH E\ WKH )5ð)& VRIW VWDUWHU DUH DV LQGLFDWHG EHORZ
DW WKH PD[LPXP RXWSXW YROWDJHï õ)RU WKH VSHFLILFDWLRQV RI äí VHFRQGV RU ORQJHUñ FRQWDFW WKH
PDQXIDFWXUHUïô
6WDQGDUGã íïìè WR ìïê V DGMXVWDEOH &ìð&ë VKRUWHGã íïæè WR æïè Vï DGMXVWDEOH
&ìð&ëð&ê VKRUWHGãè WR èí Vï DGMXVWDEOH &ìð&ëð&êð&é VKRUWHGã ìí WR äí Vï DGMXVWDEOH

êï 6HW WKH DFFHOHUDWLRQîGHFHOHUDWLRQ WLPH RI WKH LQYHUWHU WR WKH PLQLPXP YDOXH RI í VHFRQGVï
éï :KHQ WKH )5ð$èíí VHULHV æïè. RU OHVV LV XVHG IRU F\FOLF RU KHDY\ GXW\ RSHUDWLRQñ LW LV
UHFRPPHQGHG WR LQVWDOO D PDJQHWLF FRQWDFWRU LQ WKH SULPDU\ VLGH WR SUHYHQW WKH EUDNH GLVFKDUJH
UHVLVWRU IURP RYHUKHDWîEXUQRXW LI WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU LV GDPDJHG GXH WR WKH WKHUPDO
FDSDFLW\ VKRUWDJH RI WKH GLVFKDUJH UHVLVWRUñ DQ H[FHVVLYH UHJHQHUDWLYH EUDNH GXW\ HWFï
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3.6.3 Commercial power supply ↔ inverter switch-over operation [when
commercial power supply ↔ inverter switch-over sequence is used] A500

Relay output inboard option is used (Note 2)

IM

U

V

W

R (L1)

S (L2)

T (L3)

NFB

F

MC1

CS

MRS

STF

MC2 OCR

MC3

R1

S1

OH

SD

1A

1C

2A

2C

3A

3C

1A

2A

3A

3C

FR-A5AR

C

B

10

2

5

MC3
3C 1A

2A

3A

MC2

MC1

MC2
MC3

R

S

T

OCR

Power
supply

Reverse rotation
Commercial power supply

Inverter

Inverter start

T (Note 6)

Frequency setting
potentiometer

2W1kΩ

Inverter

Inboard
option

(Note 4)

Motor

Ground

Commercial power supply

Inverter input side

Inverter output side

Note: Before making connection, 
         ensure that the phase rotation
         of the commercial power supply
         is in R→S→T sequence.

Related parameters
�  Restart functions, Pr. 57,  Pr. 58
�  Reset selection, Pr. 75
�  Commercial power supply-inverter
   switch-over sequence selection, Pr. 135
�  MC change-over interlock time, Pr. 136
�  Start waiting time, Pr. 137
�  Alarm-time commercial power
   supply-inverter switch-over, Pr. 138
�  Automatic inverter-commercial
   power supply switch-over, Pr. 139

Note: 1. When the inverter protective function is activated, reset the inverter by turning off the main breaker
once or shorting the inverter reset terminal (RES) and (SD).

2. Operation may be performed without the inboard option. In this case, however, a 24VDC power
supply is required to drive the magnetic contactors.

3. For switch-over from commercial power supply operation to inverter operation, the motor coasting
speed is automatically detected to continue operation without stopping the motor. In this case, note
that a value other than 9999 should be set to the function of automatic restart after instantaneous
power failure ( Pr.  57, Pr. 58) of the inverter.

4. The MC1 and MC2 must be mechanically interlocked.
5. If an alarm occurs during inverter operation, inverter operation can be automatically changed over

to commercial power supply operation. ( Pr.  138)
6. Provide a control transformer when the power supply is 400V class.
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ëï 5HIHU WR WKH LQVWUXFWLRQ PDQXDO IRU RWKHU RSHUDWLRQDO GHWDLOV DQG DSSOLFDWLRQ LQVWUXFWLRQVï

êï :KHQ SHUIRUPLQJ WKLV RSHUDWLRQñ VKRUW WKH DERYH WHUPLQDOV &6ð6' DQG DOVR VHW D YDOXH RWKHU WKDQ

ääää LQ 3Uï èæï

éï 7KH (èíí LV QRW SURYLGHG ZLWK WHUPLQDO &6ï 6HW DQ\ YDOXH RWKHU WKDQ ääää LQ 3Uï èæ WR VHOHFW WKH

IXQFWLRQ RI DXWRPDWLF UHVWDUW DIWHU LQVWDQWDQHRXV SRZHU IDLOXUHï õ$XWRPDWLF UHVWDUW LV PDGH LI FRQWURO

SRZHU UHPDLQV IURP RFFXUUHQFH RI DQ LQVWDQWDQHRXV SRZHU IDLOXUH WR SRZHU UHVWRUDWLRQïô



êïå $XWRPDWLF 2SHUDWLRQ RI )DQñ 3XPS RU WKH /LNH 8VLQJ 6SHHG 6HWWHU
35$&7,&$/ &,5&8,76

ëåë

êïå $XWRPDWLF 2SHUDWLRQ RI )DQñ 3XPS RU WKH /LNH 8VLQJ 6SHHG 6HWWHU &RPPRQ

>$XWRðPDQXDO VZLWFKðRYHU RSHUDWLRQ@

$

%

&

,0

8

9

:

5 õ/ìô

6 õ/ëô

7 õ/êô

1)% 0&

21
2))

0&

)

% &

0&

ìí

ë

è

ò

ð

é

çí+]

í+]
éP$ ëíP$

6'

67) õ675ô

$8

5HDG\ $ODUP VLJQDO

7 õ1RWH ìô

3RZHU
VXSSO\

0DQXDO

6WDUW VLJQDO $XWR

)UHTXHQF\ VHWWLQJ
SRWHQWLRPHWHU

IRU PDQXDO RSHUDWLRQ
ë:ìN:

3,' VSHHG VHWWHU

,QYHUWHU

*URXQG

$ODUP VLJQDO

0RWRU

%LDV

8SSHU OLPLW
*DLQ

6SHHG VHWWHU RXWSXW

5HODWHG SDUDPHWHUV
x )UHTXHQF\ VHWWLQJ FXUUHQW ELDVñ 3Uï äíé
x )UHTXHQF\ VHWWLQJ FXUUHQW JDLQñ 3Uï äíè

é WR ëíP$ '&

1RWHã ìï :KHQ WKH SRZHU VXSSO\ LV éíí9

FODVVñ SURYLGH D FRQWURO WUDQVIRUPHUï

8VLQJ WKH VHWWLQJ IXQFWLRQ RI WKH RSHUDWLRQ

SDQHO õSDUDPHWHU XQLWôñ \RX FDQ VHW WKH

UHODWLRQVKLS EHWZHHQ VSHHG VHWWHU RXWSXW DQG

RXWSXW IUHTXHQF\ DV VKRZQ DERYHï

)5ð$/ '& WDFKRPHWHUï IROORZHU

ò

ð

é

$8

67) õ675ô

6'

)0

ìí

ë

è

$87

&20

67)

6'ì

6'ë

)0

ìí

ë

è

)5ð$/

'& WDFKï
IROORZHU

3,' VSHHG VHWWHU
,QYHUWHU

é WR ëíP$ '&

ëï 7KH )5ð$/ KDV WKH PDQXDOðDXWR FKDQJHðRYHUñ VWDUW VLJQDO VZLWFK DQG IUHTXHQF\ PHWHUï



êïä 3RVLWLRQLQJ 2SHUDWLRQ &RPPRQ &20021

35$&7,&$/ &,5&8,76

ëåê

êïä 3RVLWLRQLQJ 2SHUDWLRQ &RPPRQ

8

9

:

5 õ/ìô

6 õ/ëô

7 õ/êô

1)%

)

%5

%

)

5

,0

/6

)

/6

5

õòô 3

3;

35
)

5

%5

)

5

+

0

/

)

5

5)

%

&

5+

50

5/

6'

67)

675

6'

056

û+û 21 û0û 21 û/û 21

û/6û 21

5

3RZHU
VXSSO\

7 õ1RWH èô

0& õ1RWH éô

6WRS
3%

)RUZDUG
URWDWLRQ
3%

5HYHUVH
URWDWLRQ
3%

+LJK VSHHG

0LGGOH VSHHG

/RZ VSHHG

,QYHUWHU

%UDNH

0RWRU

:KHQ SURYLGHG ZLWK DQ
H[WHUQDO GLVFKDUJH
UHVLVWRU IRU UHJHQHUDWLYH
EUDNH

*URXQG

6
S
HH
G

+LJK VSHHG

0LGGOH VSHHG

/RZ VSHHG
7LPH

) RU 5 LV 21ï

2SHUDWLRQ SDWWHUQ

1RWHã :KHQ WKH UHVLVWRU LV ILWWHG
H[WHUQDOO\ñ DOZD\V UHPRYH
WKH OLQN IURP DFURVV WHUPLQDOV
3;ð35 WR SUHYHQW WKH EUDNH
WUDQVLVWRU IURP EHLQJ
GDPDJHGï

1RWHã ìï :KHQ WKH VSHHG FRPPDQGV +ñ 0 DQG / DUH WXUQHG RQ VLPXOWDQHRXVO\ñ WKH ORZHU VSHHG KDV
SUHFHGHQFH LQ RSHUDWLRQï
>([DPSOH@ :KHQ WKH VSHHG FRPPDQGV + DQG / DUH WXUQHG RQ VLPXOWDQHRXVO\ñ WKH ORZ VSHHG
FRPPDQG / LV XVHG LQ RSHUDWLRQï

ëï 7KH )5ð$èíí VHULHV æïè. RU OHVV KDV D EXLOWðLQ GLVFKDUJH UHVLVWRU GHVLJQHG IRU UHJHQHUDWLYH
EUDNLQJñ EXW LQ WKH DERYH GLDJUDP LW ZDV UHSODFHG E\ DQ HVSHFLDOO\ ODUJHðFDSDFLW\ H[WHUQDO
GLVFKDUJH UHVLVWRU IRU UHJHQHUDWLYH EUDNLQJï

êï $OVR UHIHU WR WKH FLUFXLW H[DPSOH RI WKH PRWRU HTXLSSHG ZLWK EUDNHï õ5HIHU WR 6HFWLRQ êïéïô
éï :KHQ WKH )5ð$èíí VHULHV æïè. RU OHVV LV XVHG IRU F\FOLF RU KHDY\ GXW\ RSHUDWLRQñ LW LV
UHFRPPHQGHG WR LQVWDOO D PDJQHWLF FRQWDFWRU LQ WKH SULPDU\ VLGH WR SUHYHQW WKH EUDNH GLVFKDUJH
UHVLVWRU IURP RYHUKHDWîEXUQRXW LI WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU LV GDPDJHG GXH WR WKH WKHUPDO
FDSDFLW\ VKRUWDJH RI WKH GLVFKDUJH UHVLVWRUñ DQ H[FHVVLYH UHJHQHUDWLYH EUDNH GXW\ HWFï

èï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï



êïìí 9HUWLFDO :LQGLQJñ /LIWHU $èíí

35$&7,&$/ &,5&8,76

ëåé

êïìí 9HUWLFDO :LQGLQJñ /LIWHU $èíí

êïìíïì 8VH RI UHOD\ RXWSXW RSWLRQ $èíí

8

9

:

5 õ/ìô

6 õ/ëô

7 õ/êô

1)%

)

%5

%

,0

õòô 3

õðô 1

)

5

67)

675

57

5/

û+û 21 û+û 2))

5

+
5+

056

5(6

6'

056

5(6
ì$

ì&

ë%

ë&

ê$

ê&

ì$

ë%

ê$

ê&

)5ð$è$5

ë&

ì&

%

&

%

&

581

68

)8

$/$50

35

1

3

)
5

)

+

%5

056

6857ê$ê& ë%ë&

ì$ì& % &
581 $/$506857

68

)

5

)8

+

3RZHU
VXSSO\

0& õ1RWH åô

7 õ1RWH æô

(PHUJHQF\ VWRS
õ1RWH éô

)RUZDUG
URWDWLRQ

5HYHUVH
URWDWLRQ

+LJK VSHHG

õ1RWH èô

õ1RWH êô õ1RWH ëô

õ1RWH ìô

õ1RWH èô

)RUZDUG URWDWLRQ

5HYHUVH URWDWLRQ

+LJK VSHHG

%UDNH

2XWSXW VWRS

2SHUDWLRQ
FKHFN

,QYHUWHU

,QERDUG
RSWLRQ

%UDNH

0RWRU

'LVFKDUJH
UHVLVWRU

*URXQG

6
SH
HG

+LJK VSHHG

/RZ VSHHG
7LPH

) RU 5 LV 21ï

2SHUDWLRQ SDWWHUQ

õ1RWH çô
%8

EUDNH XQLW

1RWHã ìï 7KH EUDNH LV RSHQHG DIWHU WHUPLQDO 056 LV WXUQHG RII E\ WKH VWDUW VLJQDO DQG WKH )8 VLJQDO LV WKHQ
RXWSXW IURP WKH LQYHUWHUï $W D VWRSñ WKH EUDNH LV GHVLJQHG WR EH FORVHG DV VRRQ DV WKH PRWRU KDV
IXOO\ GHFHOHUDWHG õ)8 VLJQDOôï

ëï &RQQHFW WHUPLQDOV %ð& WR WKH EUDNH FLUFXLW WR DOZD\V FORVH WKH EUDNH ZKHQ DQ LQYHUWHU DODUP RFFXUVï
êï 7KH EUDNH VKRXOG QRW EH RSHQHG H[FHSW ZKHQ WKH LQYHUWHU SURYLGHV QRUPDO RXWSXW õ581 VLJQDO LV
21ôï

éï ,QVWDOO DQ HPHUJHQF\ VWRS VZLWFK DV SURYLVLRQ DJDLQVW D IDLOXUHï ,Q FDVH RI DQ HPHUJHQF\ñ GR QRW
UHO\ RQ WKH HOHFWULF EUDNLQJ RI WKH LQYHUWHU EXW XVH WKH PHFKDQLFDO EUDNH WR VWRS WKH PRWRUï

èï &KHFN ZKHWKHU DFFHOHUDWLRQîGHFHOHUDWLRQ LV FRPSOHWHG ZLWKLQ WKH JLYHQ WLPHï ,I QRWñ MXGJH WKDW WKH
LQYHUWHU LV IDXOW\ DQG FORVH WKH EUDNHï

çï 7KH )5ð$èíí VHULHV æïè. RU OHVV KDV D EXLOWðLQ EUDNH UHVLVWRUñ EXW WKH DERYH GLDJUDP VKRZV D FDVH
ZKHUH DQ H[WHUQDO EUDNH LV UHTXLUHGï

æï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
åï ,W LV UHFRPPHQGHG WR LQVWDOO D PDJQHWLF FRQWDFWRU LQ WKH SULPDU\ VLGH WR SUHYHQW WKH EUDNH GLVFKDUJH
UHVLVWRU IURP RYHUKHDWîEXUQRXW LI WKH UHJHQHUDWLYH EUDNH WUDQVLVWRU LV GDPDJHG GXH WR WKH WKHUPDO
FDSDFLW\ VKRUWDJH RI WKH GLVFKDUJH UHVLVWRUñ DQ H[FHVVLYH UHJHQHUDWLYH EUDNH GXW\ HWFï
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6723ô KDV EHHQ WXUQHG RIIñ WKH LQYHUWHU RXWSXW LV VZLWFKHG RIIï
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ëï 3URYLGH D FRQWURO WUDQVIRUPHU ZKHQ WKH SRZHU VXSSO\ LV éíí9 FODVVï
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