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��(OHFWULF�'LVFKDUJH�0DFKLQLQJ����(OHFWULF�'LVFKDUJH�0DFKLQLQJ��



%HDULQJ�³)OXWLQJ´%HDULQJ�³)OXWLQJ´

/RQJ�7HUP�('0/RQJ�7HUP�('0



,QYHUWHU�7HFKQRORJ\�7UDQVLWLRQ,QYHUWHU�7HFKQRORJ\�7UDQVLWLRQ

■■ 6L[�6WHS�7HFKQRORJ\6L[�6WHS�7HFKQRORJ\

±± 6L[�VZLWFKLQJ�VWDWHV�SHU�IXQGDPHQWDO�F\FOH6L[�VZLWFKLQJ�VWDWHV�SHU�IXQGDPHQWDO�F\FOH

±± ���+HUW]� �����VWHSV�SHU�VHFRQG���IXOO�ZDYH�����+HUW]� �����VWHSV�SHU�VHFRQG���IXOO�ZDYH��

±± 9DULDEOH�EXV�YROWDJH�WR�PRWRU9DULDEOH�EXV�YROWDJH�WR�PRWRU

■■ 3:0�7HFKQRORJ\3:0�7HFKQRORJ\

±± &DUULHU�IUHTXHQF\���������WR��������VWHSV�SHU�VHF�&DUULHU�IUHTXHQF\���������WR��������VWHSV�SHU�VHF�

±± )XOO��EXV�YROWDJH�DSSOLHG�WR�PRWRU������)XOO��EXV�YROWDJH�DSSOLHG�WR�PRWRU������9GF9GF��



+LVWRULFDO�(OHFWURPDJQHWLF�,QGXFHG�3DWK+LVWRULFDO�(OHFWURPDJQHWLF�,QGXFHG�3DWK

■■ Problem caused by Electric AsymmetriesProblem caused by Electric Asymmetries

■■ Circulating Current  -  Insulate ODE BearingCirculating Current  -  Insulate ODE Bearing
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1HZ�(OHFWURVWDWLF�,QGXFHG�3DWK1HZ�(OHFWURVWDWLF�,QGXFHG�3DWK

■■ (OHFWURVWDWLF�&RXSOLQJ(OHFWURVWDWLF�&RXSOLQJ
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(OHFWULFDO�0RWRU�&DSDFLWDQFH�0RGHO(OHFWULFDO�0RWRU�&DSDFLWDQFH�0RGHO
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(OHFWURVWDWLF�&RXSOLQJ���(OHFWULFDO�0RGHO(OHFWURVWDWLF�&RXSOLQJ���(OHFWULFDO�0RGHO
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(OHFWULFDO�%HDULQJ�0RGHO(OHFWULFDO�%HDULQJ�0RGHO
Capacitance Variables

•  Load
•  Speed
•  Temperature
•  Lubricant

• Viscosity
• Additives
• Oil Film Thickness
• Dielectric Properties

Non Linearity Variables

•  Asperity Contact Area
•  Randomness

• Mechanical
• ElectricalCb
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Z l
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3:0�=HUR�6HTXHQFH�LV�QRW�=HUR3:0�=HUR�6HTXHQFH�LV�QRW�=HUR

■■ 6LQXVRLGDO�3RZHU�KDV�D6LQXVRLGDO�3RZHU�KDV�D

WUXH�=HUR�1HXWUDOWUXH�=HUR�1HXWUDO

■■ 3:0�=HUR�6HTXHQFH3:0�=HUR�6HTXHQFH

UHDFKHV�'&�%XV�9ROWDJHUHDFKHV�'&�%XV�9ROWDJH

■■ )UHTXHQF\�LV�HTXDO�WR)UHTXHQF\�LV�HTXDO�WR

LQYHUWHU�VZLWFKLQJLQYHUWHU�VZLWFKLQJ

IUHTXHQF\IUHTXHQF\



7KUHH�%UHDNGRZQ�0HFKDQLVPV7KUHH�%UHDNGRZQ�0HFKDQLVPV
■■ &KHPLFDO&KHPLFDO

■■ 0HFKDQLFDO0HFKDQLFDO

±± $VSHULW\�FRQWDFW$VSHULW\�FRQWDFW

EHWZHHQ�EDOOV�DQGEHWZHHQ�EDOOV�DQG

UDFHVUDFHV

■■ (OHFWULFDO(OHFWULFDO

±± ('0���RLO�ILOP('0���RLO�ILOP

GLHOHFWULF�EUHDNGRZQGLHOHFWULF�EUHDNGRZQ

±± GYGY�GW���LQGXFHG�E\�GW���LQGXFHG�E\

WKH�VZLWFKLQJWKH�VZLWFKLQJ

WUDQVLWLRQV�RI�3:0WUDQVLWLRQV�RI�3:0

LQYHUWHULQYHUWHU



%HDULQJ�&XUUHQW�'HQVLW\������+]%HDULQJ�&XUUHQW�'HQVLW\������+]

Current Density (A/mm2)



7URXEOH�6KRRWLQJ�3URFHGXUH7URXEOH�6KRRWLQJ�3URFHGXUH

■■ �6KDIW�WR�JURXQG�YROWDJH�WDNHQ�ZLWK�6KDIW�WR�JURXQG�YROWDJH�WDNHQ�ZLWK

RVFLOORVFRSH�DQG�SLFN�XS�EUXVKRVFLOORVFRSH�DQG�SLFN�XS�EUXVK

■■ �,GHQWLI\�YROWDJH�VSLNHV�,GHQWLI\�YROWDJH�VSLNHV
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0HDVXUHPHQW�7HFKQLTXHV�WR0HDVXUHPHQW�7HFKQLTXHV�WR

$GGUHVV�*URXQGLQJ�,VVXHV$GGUHVV�*URXQGLQJ�,VVXHV

■■ $LU�FRUHG�FXUUHQW�VHQVRU$LU�FRUHG�FXUUHQW�VHQVRU

■■ 2VFLOORVFRSH2VFLOORVFRSH

■■ 0XOWLSOH�UHDGLQJV��FXUUHQW�DQG�YROWDJH0XOWLSOH�UHDGLQJV��FXUUHQW�DQG�YROWDJH

■■ 6KDIW�UHDGLQJV�WDNHQ�ZLWK�EUXVK���JURXQG�EUXVK6KDIW�UHDGLQJV�WDNHQ�ZLWK�EUXVK���JURXQG�EUXVK

WR�PRWRU�IUDPH�IRU�FXUUHQW�UHDGLQJWR�PRWRU�IUDPH�IRU�FXUUHQW�UHDGLQJ



&XUUHQW�5HWXUQ�3DWK�WR�9)'&XUUHQW�5HWXUQ�3DWK�WR�9)'

■■ 6KLHOG6KLHOG

■■ 0RWRU�JURXQG0RWRU�JURXQG

ZLUHVZLUHV

■■ 6WHHO�6WHHO�EDVHSODWHEDVHSODWH

JURXQG��DQ\ERG\JURXQG��DQ\ERG\

XVH�WKHVH�"�XVH�WKHVH�"�

■■ $X[LOLDU\�PRWRU$X[LOLDU\�PRWRU

JURXQGJURXQG



0HDVXUHPHQWV0HDVXUHPHQWV

■■ &XUUHQW��&RPPRQ�0RGH�&XUUHQW�&XUUHQW��&RPPRQ�0RGH�&XUUHQW�

±± DOO�WKUHH�9)'�RXWSXW�SKDVHV�LQVLGH�FDELQHWDOO�WKUHH�9)'�RXWSXW�SKDVHV�LQVLGH�FDELQHW

±± DOO�WKUHH�SKDVH�OHDGV��JURXQGV��VKLHOGV��DUPRU�DOO�WKUHH�SKDVH�OHDGV��JURXQGV��VKLHOGV��DUPRU�

HWFHWF��RXWVLGH�RI�WKH�9)'�FDELQHW��RXWVLGH�RI�WKH�9)'�FDELQHW

±± RXWVLGH�WKH�PRWRU�WHUPLQDO�ER[RXWVLGH�WKH�PRWRU�WHUPLQDO�ER[

±± LQVLGH�WKH�PRWRU�WHUPLQDO�ER[LQVLGH�WKH�PRWRU�WHUPLQDO�ER[

±± DX[LOLDU\�JURXQGDX[LOLDU\�JURXQG

±± VKDIW�FXUUHQWVKDIW�FXUUHQW



7KUHH�PDMRU�FRPSRQHQWV�RI�&0&7KUHH�PDMRU�FRPSRQHQWV�RI�&0&

■■ �������+]���'XH�WR�PRWRU�FDEOH�DV\PPHWU\�������+]���'XH�WR�PRWRU�FDEOH�DV\PPHWU\

■■ ���������+]���0RVW�UHWXUQV�WR�LQYHUWHU�YLD���������+]���0RVW�UHWXUQV�WR�LQYHUWHU�YLD

FDEOH�VKLHOGLQJ��QRW�WKURXJK�EHDULQJVFDEOH�VKLHOGLQJ��QRW�WKURXJK�EHDULQJV

■■ ��.+]�����0+]���'XH�WR���.+]�����0+]���'XH�WR�GYGY��GW�GW�RI�VZLWFKLQJ�RI�VZLWFKLQJ�

±± 0RVW�GDPDJLQJ�WR�EHDULQJV0RVW�GDPDJLQJ�WR�EHDULQJV



0HDVXUHPHQW�3RLQWV�IRU�&XUUHQW0HDVXUHPHQW�3RLQWV�IRU�&XUUHQW

$OO���SKDVHV�LQVLGH�,QYHUWHU$OO���SKDVHV�LQVLGH�,QYHUWHU

7RWDO�FRQGXLW�DQG�JURXQG7RWDO�FRQGXLW�DQG�JURXQG

MXVW�RXWVLGH�FDELQHWMXVW�RXWVLGH�FDELQHW

7RWDO�FRQGXLW�DQG�JURXQGV7RWDO�FRQGXLW�DQG�JURXQGV

MXVW�RXWVLGH�PRWRU�WHUPLQDOMXVW�RXWVLGH�PRWRU�WHUPLQDO

ER[ER[

$OO���SKDVHV�DQG�JURXQGV$OO���SKDVHV�DQG�JURXQGV

LQVLGH�PRWRU�WHUPLQDO�ER[LQVLGH�PRWRU�WHUPLQDO�ER[

6KDIW�RI�GULYHQ�XQLW6KDIW�RI�GULYHQ�XQLW

$X[LOLDU\�JURXQGV$X[LOLDU\�JURXQGV

6KDIW�$1'�JURXQGLQJ�EUXVK6KDIW�$1'�JURXQGLQJ�EUXVK

RI�PRWRURI�PRWRU



0HDVXUHPHQWV�0HDVXUHPHQWV�&RQW¶G&RQW¶G

■■ &XUUHQW�UHDGLQJ�LQVLGH�9)'�FDELQHW&XUUHQW�UHDGLQJ�LQVLGH�9)'�FDELQHW

HVWDEOLVKHV�WRWDO�FRPPRQ�PRGH�FXUUHQWHVWDEOLVKHV�WRWDO�FRPPRQ�PRGH�FXUUHQW

■■ 5HDGLQJ�RXWVLGH�9)'�FDELQHW�UHSUHVHQWV5HDGLQJ�RXWVLGH�9)'�FDELQHW�UHSUHVHQWV

FXUUHQW�IORZLQJ�LQGLUHFWO\�EDFN�WKURXJK�WKHFXUUHQW�IORZLQJ�LQGLUHFWO\�EDFN�WKURXJK�WKH

PRWRU�VKDIW��DQG�DX[LOLDU\�JURXQGVPRWRU�VKDIW��DQG�DX[LOLDU\�JURXQGV

■■ 5HDGLQJ�RXWVLGH�9)'�FDELQHW�DQG�PRWRU5HDGLQJ�RXWVLGH�9)'�FDELQHW�DQG�PRWRU

WHUPLQDO�ER[�VKRXOG�EH�]HURWHUPLQDO�ER[�VKRXOG�EH�]HUR

■■ 5HDGLQJ�LQVLGH�PRWRU�WHUPLQDO�ER[�ZLOO5HDGLQJ�LQVLGH�PRWRU�WHUPLQDO�ER[�ZLOO

LQFOXGH�LQGLUHFW�DQG�GLUHFW�FXUUHQW�URXWHVLQFOXGH�LQGLUHFW�DQG�GLUHFW�FXUUHQW�URXWHV



0HDVXUHPHQW�,VVXHV0HDVXUHPHQW�,VVXHV

■■ 6KDIW�YROWDJH�	�EHDULQJ�FXUUHQW�RXW�WR���0+]6KDIW�YROWDJH�	�EHDULQJ�FXUUHQW�RXW�WR���0+]

■■ %HDULQJ�FXUUHQWV�QRW�HDVLO\�PHDVXUHG%HDULQJ�FXUUHQWV�QRW�HDVLO\�PHDVXUHG

±± (VWLPDWH�FXUUHQW�E\�PHDVXULQJ�VKDIW�YROWDJH�WR�IUDPH(VWLPDWH�FXUUHQW�E\�PHDVXULQJ�VKDIW�YROWDJH�WR�IUDPH

■■ 8VH�EUXVK�DQG�KROGHU�WR�SURYLGH�VKDIW�FRQWDFW8VH�EUXVK�DQG�KROGHU�WR�SURYLGH�VKDIW�FRQWDFW



Rotor Shaft Voltage Spikes

Inverter Drive Carrier Frequency set to 2 KHz

Motor Operating at 100 Hertz



Rotor Shaft Voltage Spikes

Inverter Drive Carrier Frequency set to 14 KHz

Motor Operating at 25 Hz



&RQFOXVLRQV�)URP�0HDVXUHPHQWV&RQFOXVLRQV�)URP�0HDVXUHPHQWV

■■ 9HU\�GLIILFXOW�WR�SUHGLFW�EHDULQJ�FXUUHQW�VXVFHSWLELOLW\9HU\�GLIILFXOW�WR�SUHGLFW�EHDULQJ�FXUUHQW�VXVFHSWLELOLW\

■■ 7UDFNLQJ�EHDULQJ�OLIH�PRVW�HIIHFWLYH7UDFNLQJ�EHDULQJ�OLIH�PRVW�HIIHFWLYH

■■ 6KDIW�YROWDJH�UHDGLQJV�FDQ�YHULI\�LQLWLDWLRQ�RI6KDIW�YROWDJH�UHDGLQJV�FDQ�YHULI\�LQLWLDWLRQ�RI

HOHFWULFDO�GDPDJHHOHFWULFDO�GDPDJH

■■ 3UH�IDLOXUH�EHDULQJ�IDXOW�DQDO\VLV�H[WUHPHO\�YDOXDEOH3UH�IDLOXUH�EHDULQJ�IDXOW�DQDO\VLV�H[WUHPHO\�YDOXDEOH

■■ 6HOHFW�EHVW�DSSURDFK�WR�DOOHYLDWH�SUREOHP6HOHFW�EHVW�DSSURDFK�WR�DOOHYLDWH�SUREOHP



&RQFOXVLRQV�&RQFOXVLRQV�&RQW¶G&RQW¶G

■■ +LJKHU�FDUULHU�IUHTXHQFLHV�FDXVH�D�KLJKHU+LJKHU�FDUULHU�IUHTXHQFLHV�FDXVH�D�KLJKHU

LQFLGHQFH�RI�YROWDJH�VSLNLQJLQFLGHQFH�RI�YROWDJH�VSLNLQJ

■■ 6SLNLQJ�LQGLFDWLYH�RI�XQSUHGLFWDEOH�IUHTXHQF\6SLNLQJ�LQGLFDWLYH�RI�XQSUHGLFWDEOH�IUHTXHQF\

RI�RI�FDSDFLWLYH�FDSDFLWLYH�EUHDNGRZQEUHDNGRZQ



3RWHQWLDO�6ROXWLRQV3RWHQWLDO�6ROXWLRQV

�����(OLPLQDWH�SUREOHP��DW�(OLPLQDWH�SUREOHP��DW

VRXUFH�VRXUFH�

����0RWRU�)DUDGD\�VKLHOG��0RWRU�)DUDGD\�VKLHOG

�����*URXQG�VKDIW���E\SDVVLQJ�*URXQG�VKDIW���E\SDVVLQJ

EHDULQJEHDULQJ

�����,VRODWH�VKDIW�EHDULQJ�,VRODWH�VKDIW�EHDULQJ

�����9HULI\�JURXQGLQJ�9HULI\�JURXQGLQJ



(OLPLQDWH�DW�6RXUFH(OLPLQDWH�DW�6RXUFH

5HGXFH�'ULYH�9ROWDJH5HGXFH�'ULYH�9ROWDJH

±± 3URV�3URV�

■■&RPPRQ�VROXWLRQ�WR�RWKHU�,*%7�UHODWHG�LVVXHV&RPPRQ�VROXWLRQ�WR�RWKHU�,*%7�UHODWHG�LVVXHV

■■1R�DGGLWLRQDO�HTXLSPHQW�UHTXLUHG1R�DGGLWLRQDO�HTXLSPHQW�UHTXLUHG

±± &RQV�&RQV�

■■ /DUJHU�FDSDFLW\��FXUUHQW��GULYH�UHTXLUHG/DUJHU�FDSDFLW\��FXUUHQW��GULYH�UHTXLUHG

■■:LOO�UHGXFH�SRWHQWLDO��EXW�QRW�HOLPLQDWH:LOO�UHGXFH�SRWHQWLDO��EXW�QRW�HOLPLQDWH



(OLPLQDWH�DW�6RXUFH(OLPLQDWH�DW�6RXUFH

5HGXFH�'ULYH�6ZLWFKLQJ�)UHTXHQF\5HGXFH�'ULYH�6ZLWFKLQJ�)UHTXHQF\

±± 3URV�3URV�

■■1R�DGGLWLRQDO�HTXLSPHQW�UHTXLUHG1R�DGGLWLRQDO�HTXLSPHQW�UHTXLUHG

■■1RW�WKH�FDXVH�RI�KDUPRQLF�GLVWRUWLRQ�DV1RW�WKH�FDXVH�RI�KDUPRQLF�GLVWRUWLRQ�DV

EHOLHYHG�E\�PDQ\EHOLHYHG�E\�PDQ\

±± &RQV�&RQV�

■■:LOO�UHGXFH�SRWHQWLDO��EXW�QRW�HOLPLQDWH:LOO�UHGXFH�SRWHQWLDO��EXW�QRW�HOLPLQDWH



(OLPLQDWH�DW�6RXUFH(OLPLQDWH�DW�6RXUFH

'ULYH�2XWSXW�)LOWHU�&KRNH'ULYH�2XWSXW�)LOWHU�&KRNH

±± 3URV�3URV�

■■&RPPRQ�VROXWLRQ�IRU�RWKHU�'ULYH��UHODWHG&RPPRQ�VROXWLRQ�IRU�RWKHU�'ULYH��UHODWHG

LVVXHVLVVXHV

■■5HWURILWDEOH5HWURILWDEOH

±± &RQV�&RQV�

■■&RVW�DQG�VSDFH�UHTXLUHG&RVW�DQG�VSDFH�UHTXLUHG

■■5HGXFHV��EXW�GRHVQ¶W�HOLPLQDWH�SUREOHP5HGXFHV��EXW�GRHVQ¶W�HOLPLQDWH�SUREOHP



(OHFWURVWDWLF�,QGXFHG�3DWK(OHFWURVWDWLF�,QGXFHG�3DWK

■■ (OHFWURVWDWLF�&RXSOLQJ(OHFWURVWDWLF�&RXSOLQJ
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6KDIW�*URXQGLQJ6KDIW�*URXQGLQJ
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*URXQGLQJ�WKH�6KDIW*URXQGLQJ�WKH�6KDIW

6KDIW�*URXQGLQJ6KDIW�*URXQGLQJ

±± 3URV�3URV�

■■(DVH�RI�,PSOHPHQWDWLRQ(DVH�RI�,PSOHPHQWDWLRQ

±± &RQV�&RQV�

■■3RRU�/LIH�([SHULHQFHG�LQ�KLJK�VSHHG�RSHUDWLRQ3RRU�/LIH�([SHULHQFHG�LQ�KLJK�VSHHG�RSHUDWLRQ

!�������USP!�������USP

■■ �0HFKDQLFDO�0DLQWHQDQFH�0HFKDQLFDO�0DLQWHQDQFH

■■0HFKDQLFDO�ILW�XS�RQ�UHWURILWV0HFKDQLFDO�ILW�XS�RQ�UHWURILWV



*URXQGLQJ�WKH�6KDIW*URXQGLQJ�WKH�6KDIW

&RQGXFWLYH�*UHDVH&RQGXFWLYH�*UHDVH

±± 3URV�3URV�

■■ /RZ�FRVW�DQG�HDVH�RI�LPSOHPHQWDWLRQ/RZ�FRVW�DQG�HDVH�RI�LPSOHPHQWDWLRQ

■■5HWURILWDEOH5HWURILWDEOH

±± &RQV�&RQV�

■■6HSDUDWLRQ�DW�KLJKHU�VSHHGV�UHGXFHV6HSDUDWLRQ�DW�KLJKHU�VSHHGV�UHGXFHV

FRQGXFWLYLW\�HIIHFWLYHQHVV�FRQGXFWLYLW\�HIIHFWLYHQHVV�

■■1HJDWLYHO\�LPSDFWV�WKH�JUHDVH�OXEULFDWLQJ1HJDWLYHO\�LPSDFWV�WKH�JUHDVH�OXEULFDWLQJ

SURSHUWLHVSURSHUWLHV



%HDULQJ�,VRODWLRQ%HDULQJ�,VRODWLRQ
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,VRODWH�6KDIW,VRODWH�6KDIW

,QVXODWH�%HDULQJV,QVXODWH�%HDULQJV
±± 3URV�3URV�

■■ 5HWURILWDEOH�5HWURILWDEOH�H[FHSW�IRU�SRWHQWLDO�VOHHYH�SUREOHPVH[FHSW�IRU�SRWHQWLDO�VOHHYH�SUREOHPV

■■ 2II�WKH�VKHOI�IL[2II�WKH�VKHOI�IL[

±± &RQV�&RQV�

■■ 'RHV�QRW�SURWHFW�GLUHFWO\�FRQQHFWHG�HTXLSPHQW'RHV�QRW�SURWHFW�GLUHFWO\�FRQQHFWHG�HTXLSPHQW

■■ &RDWHG�%HDULQJV�GR�QRW�SUHYHQW�FDSDFLWLYH�FRXSOLQJ�RI&RDWHG�%HDULQJV�GR�QRW�SUHYHQW�FDSDFLWLYH�FRXSOLQJ�RI

KLJK�IUHTXHQF\�FXUUHQWV�KLJK�IUHTXHQF\�FXUUHQWV�

■■ %HDULQJ�VOHHYH���GRZQWLPH�DQG�H[SHQVH�RI�EHDULQJ%HDULQJ�VOHHYH���GRZQWLPH�DQG�H[SHQVH�RI�EHDULQJ

KRXVLQJ�PRGLILFDWLRQ�KRXVLQJ�PRGLILFDWLRQ�



&HUDPLF�%DOOV&HUDPLF�%DOOV
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,VRODWH�6KDIW,VRODWH�6KDIW

+\EULG�&HUDPLF�%HDULQJ+\EULG�&HUDPLF�%HDULQJ

■■3URV�3URV�

±±'LUHFW�UHSODFHPHQW�IRU�VWDQGDUG�EHDULQJ�'LUHFW�UHSODFHPHQW�IRU�VWDQGDUG�EHDULQJ�

PLQLPXP�GRZQWLPH�PLQLPXP�GRZQWLPH�

±±/RQJHU�LQKHUHQW�EHDULQJ�OLIH/RQJHU�LQKHUHQW�EHDULQJ�OLIH

■■&RQV�&RQV�

±±,QLWLDO�H[SHQVH�DQG�SRWHQWLDO�ORQJ�GHOLYHU\�,QLWLDO�H[SHQVH�DQG�SRWHQWLDO�ORQJ�GHOLYHU\�



6KLHOGHG�6WDWRU6KLHOGHG�6WDWRU

Motor
Frame

Motor
Frame

Motor
Frame

Motor
Frame

Frame

Rotor

Stator Winding

Stator Winding

Frame



)DUDGD\�0RWRU�6KLHOG)DUDGD\�0RWRU�6KLHOG

±± 3URV�3URV�

■■3HUPDQHQW�LQWHUQDO�PRGLILFDWLRQ�WR�PRWRU�3HUPDQHQW�LQWHUQDO�PRGLILFDWLRQ�WR�PRWRU�

±± &RQV�&RQV�

■■'LIILFXOW��LPSRVVLEOH�"���DQG�H[SHQVLYH�WR'LIILFXOW��LPSRVVLEOH�"���DQG�H[SHQVLYH�WR

UHWURILW�UHWURILW�

■■1RW�UHDGLO\�DYDLODEOH1RW�UHDGLO\�DYDLODEOH



&RQFOXVLRQV�	&RQFOXVLRQV�	

5HFRPPHQGDWLRQV5HFRPPHQGDWLRQV

■■ %HDULQJ�FXUUHQW�GDPDJH�LV�PRUH�SUHYDOHQW�RQ%HDULQJ�FXUUHQW�GDPDJH�LV�PRUH�SUHYDOHQW�RQ

PRWRUV�GULYHQ�E\�,*%7�EDVHG�3:0�GULYHV�PRWRUV�GULYHQ�E\�,*%7�EDVHG�3:0�GULYHV�

■■ 'LIIHUHQW�FDXVHV�DQG�VROXWLRQV�WKDQ�WUDGLWLRQDO'LIIHUHQW�FDXVHV�DQG�VROXWLRQV�WKDQ�WUDGLWLRQDO

EHDULQJ�FXUUHQW�GDPDJH�EHDULQJ�FXUUHQW�GDPDJH�

■■ (QG�UHVXOW�RI�HOHFWULFDOO\�LQLWLDWHG�GDPDJH�LV(QG�UHVXOW�RI�HOHFWULFDOO\�LQLWLDWHG�GDPDJH�LV

OXEULFDWLRQ�DQG�RU�PHFKDQLFDO�IDLOXUHOXEULFDWLRQ�DQG�RU�PHFKDQLFDO�IDLOXUH



&RQFOXVLRQV�	&RQFOXVLRQV�	

5HFRPPHQGDWLRQV5HFRPPHQGDWLRQV

■■ �('0�GDPDJH�LV�GLIILFXOW�WR�SUHGLFW�DQG�PHDVXUH��('0�GDPDJH�LV�GLIILFXOW�WR�SUHGLFW�DQG�PHDVXUH�

■■ 3UREOHP�LV�5($/�DQG�XVXDOO\�DVVXPHG�WR�EH3UREOHP�LV�5($/�DQG�XVXDOO\�DVVXPHG�WR�EH

XQDYRLGDEOHXQDYRLGDEOH

■■ 6HYHUDO�VROXWLRQ�PHWKRGV6HYHUDO�VROXWLRQ�PHWKRGV

■■ 6HOHFWLQJ�WKH�PRVW�HIIHFWLYH�VROXWLRQ�ZLOO�GHSHQG6HOHFWLQJ�WKH�PRVW�HIIHFWLYH�VROXWLRQ�ZLOO�GHSHQG

XSRQ�VHYHUDO�DSSOLFDWLRQV�DQG�WHFKQLFDO�LVVXHV�XSRQ�VHYHUDO�DSSOLFDWLRQV�DQG�WHFKQLFDO�LVVXHV�

■■ *URXQGLQJ�LVVXHV�DUH�FULWLFDO�WR�PLQLPL]LQJ�SUREOHP*URXQGLQJ�LVVXHV�DUH�FULWLFDO�WR�PLQLPL]LQJ�SUREOHP



&DVH�+LVWRU\���&DVH�+LVWRU\���

■■ *HQHUDWRU�%HDULQJ*HQHUDWRU�%HDULQJ

■■ 0XOWLSOH�)DLOXUHV0XOWLSOH�)DLOXUHV

■■ ,QVXODWHG�2XWERDUG,QVXODWHG�2XWERDUG

%HDULQJ%HDULQJ



7LPH�:DYHIRUP�$QDO\VLV7LPH�:DYHIRUP�$QDO\VLV

■■ 3HDNV�LQ�H[FHVV�R3HDNV�LQ�H[FHVV�RI

��*¶V��*¶V

■■ ,QFUHDVH�RFFXUUHG,QFUHDVH�RFFXUUHG

RYHU���PRQWKVRYHU���PRQWKV

■■ 7KLUG�EHDULQJ7KLUG�EHDULQJ

FKDQJH�LQ�OHVVFKDQJH�LQ�OHVV

WKDQ���\HDUVWKDQ���\HDUV



6SHFWUDO�$QDO\VLV6SHFWUDO�$QDO\VLV

■■ /RZ�OHYHO�*¶V�LQ/RZ�OHYHO�*¶V�LQ

VSHFWUXPVSHFWUXP

■■ 1RQ�V\QFKURQRXV1RQ�V\QFKURQRXV

YLEUDWLRQYLEUDWLRQ

■■ +LJKHU�IUHTXHQF\+LJKHU�IUHTXHQF\

SHDNV�QRW�UHODWHGSHDNV�QRW�UHODWHG

WR�EHDULQJWR�EHDULQJ

IUHTXHQFLHVIUHTXHQFLHV



5RRW�&DXVH�)DLOXUH�$QDO\VLV5RRW�&DXVH�)DLOXUH�$QDO\VLV

■■ 2XWERDUG�EHDULQJ�LQVXODWLRQ�LQVXIILFLHQW�GXH�WR2XWERDUG�EHDULQJ�LQVXODWLRQ�LQVXIILFLHQW�GXH�WR

GHVLJQ�RI�VSRNH���KXE�VXSSRUWGHVLJQ�RI�VSRNH���KXE�VXSSRUW

■■ �����´�LQVXODWLRQ�³SHHOHG´�EDFN�GXULQJ�EHDULQJ�����´�LQVXODWLRQ�³SHHOHG´�EDFN�GXULQJ�EHDULQJ

LQVWDOODWLRQLQVWDOODWLRQ

■■ 1HZ�EUDFNHW�GHVLJQHG�WR�SURYLGH�VXIILFLHQW�KXE1HZ�EUDFNHW�GHVLJQHG�WR�SURYLGH�VXIILFLHQW�KXE

WKLFNQHVVWKLFNQHVV

■■ 1HZ�LQVXODWLRQ�ULQJ�RYHU����´�WKLFN1HZ�LQVXODWLRQ�ULQJ�RYHU����´�WKLFN



*HQHUDWRU�2XWERDUG�%HDULQJ�+XE*HQHUDWRU�2XWERDUG�%HDULQJ�+XE

■■ 7KLQ�ZDOO�VXSSRUWV7KLQ�ZDOO�VXSSRUWV

RXWHU�UDFHRXWHU�UDFH

■■ *URXQGLQJ�EUXVK�ZRXOG*URXQGLQJ�EUXVK�ZRXOG

DOVR�ZRUN�WR�VROYH�WKLVDOVR�ZRUN�WR�VROYH�WKLV

SUREOHPSUREOHP



&DVH�+LVWRU\���&DVH�+LVWRU\���



0RWRU�)DQ�,QVWDOODWLRQ0RWRU�)DQ�,QVWDOODWLRQ

■■ 7\SLFDO7\SLFDO

,QVWDOODWLRQ,QVWDOODWLRQ

RI�'LUHFWRI�'LUHFW

'ULYH�)DQV'ULYH�)DQV



(OHFWULFDO�)OXWLQJ�RI�%HDULQJ(OHFWULFDO�)OXWLQJ�RI�%HDULQJ

■■ 3UREOHP�2FFXUULQJ�RQ�7ZR�RI�(LJKW�0RWRUV3UREOHP�2FFXUULQJ�RQ�7ZR�RI�(LJKW�0RWRUV

■■ 2XWERDUG�%HDULQJ�,QVXODWHG2XWERDUG�%HDULQJ�,QVXODWHG

■■ ,QERDUG�%HDULQJ�'DPDJHG,QERDUG�%HDULQJ�'DPDJHG

■■ ,*%7�0HGLXP�9ROWDJH�'ULYHV������9��,*%7�0HGLXP�9ROWDJH�'ULYHV������9��

■■ 6&5�'ULYHQ�+HDWHUV�LQ�0RWRU6&5�'ULYHQ�+HDWHUV�LQ�0RWRU

■■ &RXSOLQJ�,QVXODWHG���5HTXLUHG�E\�3URFHVV&RXSOLQJ�,QVXODWHG���5HTXLUHG�E\�3URFHVV



9LEUDWLRQ�RI�6XVSHFW�%HDULQJ9LEUDWLRQ�RI�6XVSHFW�%HDULQJ

�����0RGXODWLRQ� �%3)2�KDUPRQLFV�����0RGXODWLRQ� �%3)2�KDUPRQLFV



0RWRUV�������������DQG���0RWRUV�������������DQG���

$FFHOHUDWLRQ�6SHFWUD$FFHOHUDWLRQ�6SHFWUD



0RWRUV�����������DQG���0RWRUV�����������DQG���

$FFHOHUDWLRQ�7LPH�:DYHIRUP$FFHOHUDWLRQ�7LPH�:DYHIRUP



6KDIW�9ROWDJH6KDIW�9ROWDJH



&XUUHQW�RQ�&DVH�*URXQG�&XUUHQW�RQ�&DVH�*URXQG�YVYV�0RWRU�*URXQG�0RWRU�*URXQG

/HDG�RQ����)DQ�0RWRU/HDG�RQ����)DQ�0RWRU



&XUUHQW�RQ�&DVH�*URXQG&XUUHQW�RQ�&DVH�*URXQG

YV�YV�0RWRU�*URXQG�RQ����)DQ�0RWRU0RWRU�*URXQG�RQ����)DQ�0RWRU



*URXQGLQJ���5LJKW�RU�:URQJ�"*URXQGLQJ���5LJKW�RU�:URQJ�"

■■ &DEOH�VL]H�JRRG&DEOH�VL]H�JRRG

■■ &RQQHFWLRQ�SRLQW&RQQHFWLRQ�SRLQW

JRRGJRRG

■■ &RQQHFWLRQ&RQQHFWLRQ

FRQWLQXLW\��"�FRQWLQXLW\��"�



*URXQGLQJ���5LJKW�RU�:URQJ�"*URXQGLQJ���5LJKW�RU�:URQJ�"

■■ &DEOH�ZHLJKW&DEOH�ZHLJKW

LGHQWLFDO�WRLGHQWLFDO�WR

PRWRUPRWRU

FRQQHFWLRQ��"�FRQQHFWLRQ��"�

■■ &RQQHFWLRQ&RQQHFWLRQ

FRQWLQXLW\��"�FRQWLQXLW\��"�



*URXQGLQJ���5LJKW�RU�:URQJ�"*URXQGLQJ���5LJKW�RU�:URQJ�"

■■ &RQQHFWHG�WR�3ODQW&RQQHFWHG�WR�3ODQW

*URXQG�*ULG��"�*URXQG�*ULG��"�

■■ /DUJH�GLIIHUHQFH/DUJH�GLIIHUHQFH

EHWZHHQ����DQG���EHWZHHQ����DQG���

PHDVXUHPHQWVPHDVXUHPHQWV



6ROXWLRQ��WR�WKH�3UREOHP6ROXWLRQ��WR�WKH�3UREOHP

■■ ,QVXODWH�ERWK�EHDULQJV,QVXODWH�ERWK�EHDULQJV

■■ 3ODFH�JURXQGLQJ�EUXVK�RQ�PRWRU�VKDIW3ODFH�JURXQGLQJ�EUXVK�RQ�PRWRU�VKDIW

■■ $Q�,QYHVWLJDWLRQ�LQWR�JURXQGLQJ�LVVXH�LV$Q�,QYHVWLJDWLRQ�LQWR�JURXQGLQJ�LVVXH�LV

SHQGLQJSHQGLQJ



&DVH�+LVWRU\���&DVH�+LVWRU\���

■■ %HDULQJ�IOXWLQJ%HDULQJ�IOXWLQJ

■■ %HOW�GULYHQ�IDQV%HOW�GULYHQ�IDQV

■■ ,*%7�GULYHV,*%7�GULYHV

■■ 0XOWLSOH�IDLOXUHV0XOWLSOH�IDLOXUHV

■■ 'ULYHV�PRXQWHG�ZLWKLQ����IHHW�RI�PRWRUV'ULYHV�PRXQWHG�ZLWKLQ����IHHW�RI�PRWRUV



0RWRUV�LQ�6HUYLFH��*RRG�RU�%DG"0RWRUV�LQ�6HUYLFH��*RRG�RU�%DG"

■■ (YDOXDWH�PRWRUV(YDOXDWH�PRWRUV

LQ�VHUYLFHLQ�VHUYLFH

■■ $OO�PRWRUV�KDYH$OO�PRWRUV�KDYH

RXWERDUG�EHDULQJRXWERDUG�EHDULQJ

LQVXODWHGLQVXODWHG



0RWRUV�LQ�6HUYLFH���*RRG�RU�%DG�"0RWRUV�LQ�6HUYLFH���*RRG�RU�%DG�"

■■ )OXWLQJ�HYLGHQW�DERYH)OXWLQJ�HYLGHQW�DERYH

�.+]�RQ�WKUHH�PRWRUV�.+]�RQ�WKUHH�PRWRUV

■■ 1RW�DOO�PRWRUV1RW�DOO�PRWRUV

H[SHULHQFLQJ�SUREOHPVH[SHULHQFLQJ�SUREOHPV



,GHQWLILFDWLRQ�RI�%DG�%HDULQJ,GHQWLILFDWLRQ�RI�%DG�%HDULQJ

■■ %HDULQJ%HDULQJ

PRGXODWLRQPRGXODWLRQ

FHQWHUHG�DERYHFHQWHUHG�DERYH

�N+]�N+]

■■ 6LGHEDQG6LGHEDQG

PRGXODWLRQPRGXODWLRQ

RFFXUULQJ�DW�����RFFXUULQJ�DW�����

RUGHUV��%3)2�RUGHUV��%3)2�



5HFRPPHQGDWLRQV5HFRPPHQGDWLRQV

■■ 5HSODFH�PRWRUV�ZLWK�QHZ�5HSODFH�PRWRUV�ZLWK�QHZ�IDUUDGD\�IDUUDGD\�VKLHOGVKLHOG

PRWRUVPRWRUV

■■ ,QYHVWLJDWH�JURXQGLQJ��PRWRU�DGMXVWDEOH,QYHVWLJDWH�JURXQGLQJ��PRWRU�DGMXVWDEOH

EDVH�PDGH�RI�KLJK�LPSDFW�SODVWLF����2QO\EDVH�PDGH�RI�KLJK�LPSDFW�SODVWLF����2QO\

JURXQG�RQ�WKH�PRWRU�LV�FRQGXLWJURXQG�RQ�WKH�PRWRU�LV�FRQGXLW



5HIHUHQFHV5HIHUHQFHV

■■ %XVVH%XVVH��(UGPDQ(UGPDQ��.HUNPDQ.HUNPDQ��6FKOHJHO6FKOHJHO��6NLELQVNL6NLELQVNL��

³%HDULQJ�&XUUHQWV�DQG�7KHLU�5HODWLRQVKLS�WR³%HDULQJ�&XUUHQWV�DQG�7KHLU�5HODWLRQVKLS�WR

3:0�'ULYHV´�,(&21��1RY����3:0�'ULYHV´�,(&21��1RY����

■■ /LQN�´0LQLPL]LQJ�(OHFWULF�%HDULQJ�&XUUHQWV�LQ/LQN�´0LQLPL]LQJ�(OHFWULF�%HDULQJ�&XUUHQWV�LQ

$GMXVWDEOH�6SHHG�'ULYH�6\VWHPV´,(((������$GMXVWDEOH�6SHHG�'ULYH�6\VWHPV´,(((������

■■ %HOO�%HOO�(SSHUO\(SSHUO\��&RRNVRQ&RRNVRQ��)LVFKHU)LVFKHU��6NLELQVNL6NLELQVNL�&RSH��&RSH�

6FKOHJHO6FKOHJHO´([SHULHQFH�ZLWK�9DULDEOH�)UHTXHQF\´([SHULHQFH�ZLWK�9DULDEOH�)UHTXHQF\

'ULYHV�DQG�0RWRU�%HDULQJ�5HOLDELOLW\´�,(((�'ULYHV�DQG�0RWRU�%HDULQJ�5HOLDELOLW\´�,(((�

��������
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