
Embracing the Future of 
the Industrial Internet: 
Prognostics and the Next Wave of Data Analytics

Science

Adrijan Ribaric, PhD



Table of Contents

03Prognostics and the Future of the 

Industrial Internet

08Understand the Current State of 

Rotating Machinery-Based Industries

12Prognostics as the Future

 Crack Initiation Testing through Prognostics
 The Material Genome and a Stronger Asset

Prognostics in Action

Embracing the Future of the 

Industrial Internet

18

25





4

Embracing the Future of the 
Industrial Internet

Prognostics and the Future of the Industrial Internet

In Daniel Yergin’s book, The Quest – Energy, Security, and the Remaking of the Modern 
World,�KH�VSHDNV�H[WHQVLYHO\�RQ�HQHUJ\�HɝFLHQF\��GXEELQJ�LW�Ȋ7KH�)LIWK�)XHO�ȋ��+H�
H[SODLQV�WKDW�WKH�ȴIWK�IXHO�JRHV�E\�PDQ\�QDPHV��FRQVHUYDWLRQ��HQHUJ\�HɝFLHQF\��
HQHUJ\�SURGXFWLYLW\��DQG�HQHUJ\�LQJHQXLW\���+RZHYHU��UHJDUGOHVV�RI�WKH�QDPH�XVHG��
WKH�LQWHQW�LV�WKH�VDPH��DSSO\LQJ�JUHDWHU�LQWHOOLJHQFH�DQG�HɝFLHQFLHV�WR�WKH�ZD\�
ZH�FRQVXPH�RXU�FXUUHQW�HQHUJ\�SURGXFWLRQ�ZLOO�\LHOG�DV�JUHDW�DȃLI�QRW�JUHDWHUȃ
EHQHȴW�DV�LQWURGXFLQJ�FRPSOHWHO\�QHZ�IRUPV�RI�HQHUJ\�SURGXFWLRQ�WR�WKH�PDUNHW�1

2I�FRXUVH��VLPSO\�VXJJHVWLQJ�WKDW�FXUUHQW�HQHUJ\�SURGXFLQJ�PHFKDQL]DWLRQV�
RXJKW�WR�UXQ�PRUH�HɝFLHQW�LV�HDVLHU�VDLG�WKDQ�GRQH���ΖW�LQYROYHV�D�JUHDW�GHDO�RI�
LQYHVWPHQW��ERWK�LQ�WLPH�DQG�GROODUV��1RW�RQO\�ZRXOG�H[WHQVLYH�UHVHDUFK�DQG�
WHVWLQJ�EH�LQYROYHG�XQGHU�WKH�FXUUHQW�HQYLURQPHQW�WR�WHVW�WKH�HɝFDF\�RI�HɝFLHQF\�
PHDVXUHV�EHLQJ�LPSOHPHQWHG��EXW�WKH�ȴUP�ZRXOG�DOVR�KDYH�WR�EH�DVVXUHG�WKDW�WKHLU�
PHDVXUHPHQWV�ZHUH�FRPSOHWHO\�DFFXUDWH�DQG�UHFRUGHG�LQ�UHDO�WLPH���:LWKRXW�VXFK�
DVVXUDQFHV��RUJDQL]DWLRQDO�VXSSRUW�ZLOO�OLNHO\�QRW�IROORZ���%HIRUH�DQ�RUJDQL]DWLRQ�LV�
ZLOOLQJ�WR�LQYHVW�WKH�WLPH�DQG�HRUW�LQWR�GHYHORSLQJ�WKH�HɝFLHQF\�RI�WKHLU�FXUUHQW�
SURGXFWLRQ�KDELWV�LQ�RUGHU�WR�UHDOL]H�D�JUHDWHU�UHWXUQ�RQ�LQYHVWPHQW��52Ζ��ZKLOH�
DOVR�UHGXFLQJ�RYHUKHDG�FRVWV��WKH\�PXVW�ȴUVW�EH�FRQYLQFHG�LQ�WKH�SUDFWLFDOLW\�DQG�
HHFWLYHQHVV�RI�'DQLHO�<HUJLQȇV�WKHRU\�RQ�WKH�ȴIWK�IXHO�

1 Daniel Yergin, The Quest: Energy, Security, and the Remaking of the Modern World �1HZ�<RUN��3HQJXLQ�������������
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Self-monitoring 
turbines transmit 
sensor data

1

The data that is 
received and recorded 
enables the discovery 
of opportunities to 
lower maintence and 
operating costs

2

Data analysis 
reveals a need 
for preventative 
maintence

3

The technician is 
equipped with the 
right knowledge and 
tools to quickly and 
HɝFLHQWO\�FRPSOHWH�
the task at hand

4

Data is sent back to 
the Industrial Internet, 
enabling remote 
collabortation and 
future use

5

ΖQ�UHFHQW�\HDUV��WKH�DGYHQW�RI�WKH�ΖQGXVWULDO�
ΖQWHUQHW�KDV�EHJXQ�DQVZHULQJ�WKRVH�FRQFHUQV�
WKURXJK�LQWURGXFLQJ�HHFWLYH�PRQLWRULQJ�DQG�GDWD�
FROOHFWLQJ�FDSDELOLWLHV��$V�*HQHUDO�(OHFWULF��*(��
SRLQWV�RXW�LQ�D�UHFHQW�ZKLWH�SDSHU�

“The Industrial Internet opens the door to a variety 
RI�EHQHȴWV�IRU�WKH�LQGXVWULDO�HFRQRP\��ΖQWHOOLJHQW�
instrumentation enables individual machine 
optimization, which leads to better performance, 
ORZHU�FRVWV�DQG�KLJKHU�UHOLDELOLW\��$Q�RSWLPL]HG�
machine is one that is operating at peak performance 
and enables operating and maintenance costs to be 
PLQLPL]HG��ΖQWHOOLJHQW�QHWZRUNV�HQDEOH�RSWLPL]DWLRQ�
DFURVV�LQWHUFRQQHFWHG�PDFKLQHV�ȋ2

*(�DOVR�LQGLFDWHV�ZKHUH�WKH�ΖQGXVWULDO�ΖQWHUQHW�
FDQ�KDYH�LWV�ELJJHVW�LPSDFW��Ȋ2QH�DUHD�ZKHUH�WKH�
ΖQGXVWULDO�ΖQWHUQHW�ZLOO�PDNH�D�KXJH�GLHUHQFH�LV�
WKH�VHUYLFLQJ�RI�WKH�YDVW�TXDQWLWLHV�RI�PDFKLQHV��
IDFLOLWLHV��DQG�ȵHHWV�WKDW�FRPSULVH�WKH�JOREDO�
LQGXVWULDO�V\VWHP��0LOOLRQV�RI�GLHUHQW�W\SHV�RI�
HTXLSPHQW�QHHG�WR�EH�RSHUDWHG�DQG�PDLQWDLQHG��
UHTXLULQJ�GLYHUVH�OHYHOV�RI�H[SHUWLVH��WRROV��DQG�
WLPH�WR�HQVXUH�SURSHU�RSHUDWLRQ�ȋ3

+RZHYHU��HYHQ�WKHVH�LQLWLDO�LQWURGXFWLRQV�KDYH�
WKHLU�OLPLWDWLRQV���7KH�FXUUHQW�VHWXS�ZLWKLQ�WKH�
ΖQGXVWULDO�ΖQWHUQHW�UHOLHV�SULPDULO\�RQ�GLDJQRVWLF�
WHVWLQJ�RQ�GLVWULEXWHG�DVVHWV�LQ�WKH�ȴHOG��H�J���D�
ZLQG�WXUELQH�RSHUDWLQJ�LQ�D�ODUJHU�ZLQG�IDUP�LQ�D�
UHPRWH�ORFDWLRQ��DQG�SK\VLFDO��RQ�VLWH

2�3HWHU�&��(YDQV�DQG�0DUFR�$QQXQ]LDWD��ȊΖQGXVWULDO�ΖQWHUQHW��3XVKLQJ�WKH�%RXQGDULHV�RI�0LQGV�DQG�0DFKLQHV�ȋ�General Electric White Paper��1RYHPEHU���������������
�KWWS���ZZZ�JH�FRP�GRFV�FKDSWHUV�ΖQGXVWULDOBΖQWHUQHW�SGI���
3�0DUFR�$QQXQ]LDWD�DQG�3HWHU�&��(YDQV��Ȋ7KH�ΖQGXVWULDO�ΖQWHUQHW#:RUN�ȋ�General Electric White Paper�������������KWWSV���ZZZ�JH�FRP�VLWHV�GHIDXOW�ȴOHV�*(B
ΖQGXVWULDOΖQWHUQHWDW:RUNB:KLWH3DSHUB���������SGI���

The current construct for Industrial 
Internet is based on the collection, 

diagnostics, analytics and processing 
RI�GDWD�IURP�H[LVWLQJ�ȴHOGHG�DVVHWV���
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LQVSHFWLRQV�UHSDLUV���$V�*(�SRLQWV�RXW��Ȋ7KH��WLPH�
UHTXLUHG�IRU�WKH�VHUYLFLQJ�RI�LQGXVWULDO�HTXLSPHQW��
DQG�WKH�DVVRFLDWHG�FRVWV��DUH�SDUWO\�GULYHQ�E\�
WKH�HQYLURQPHQW�ZKHUH�WKHVH�DFWLYLWLHV�KDYH�WR�
WDNH�SODFH����$�VLJQLȴFDQW�SRUWLRQ�RI�ZRUN�WDNHV�
SODFH�RXW�LQ�WKH�ȴHOG��ZKHUH�ZRUNHUV�WUDYHO�WR�WKH�
PDFKLQH�RU�VLWH��$QRWKHU�SRUWLRQ�RFFXUV�LQ�VHUYLFH�
FHQWHUV��ZKHUH�PDFKLQHV�DUH�EURXJKW�WR�FRPPRQ�
VKRSV�WR�EH�ZRUNHG�RQ�ȋ4

2QH�RI�WKH�JUHDWHVW�SLWIDOOV�WR�GLDJQRVWLF�WHVWLQJ�
LV�WKH�LQFUHDVHG�QHHG�IRU�PRUH�VHQVRUV�DQG�
HYHU�JUHDWHU�DPRXQWV�RI�GDWD��GDWD�VWRUDJH��
DQDO\WLFV��DQG�DVVHW�PDQDJHPHQW�LQ�RUGHU�WR�
HQVXUH�LQIRUPDWLRQ�DFFXUDF\�DQG�SHDN�RSHUDWLRQDO�
RXWSXW�RI�WKH�PDFKLQHU\��$OO�RI�WKHVH�QHHGV�SXW�DQ�
LQFUHDVLQJ�ȴQDQFLDO�EXUGHQ�RQ�WKH�RUJDQL]DWLRQ��
<HW��WKHUH�LV�D�VROXWLRQ�QRZ�HVWDEOLVKLQJ�LWVHOI�
ZLWKLQ�WKH�ΖQGXVWULDO�ΖQWHUQHW�WKDW�ZLOO�HDVH�WKH�
ȴQDQFLDO�EXUGHQ�DQG�LQFUHDVH�52Ζ�IRU�LQ�DQ\�
LQGXVWU\�WKDW�LQYROYHV�URWDWLQJ�PDFKLQHU\�DV�
ZHOO���7KLV�ZLOO�EH�DFFRPSOLVKHG�WKURXJK�WKH�
FRPELQDWLRQ�RI�SURJQRVWLFV�DQG�V\VWHP�OHYHO�
VHQVRUV�WR�FRQȴUP�LQLWLDO�SURMHFWLRQV�

One of the greatest pitfalls to 

diagnostic testing is the increased 

need for more sensors and ever-

greater amounts of data, data 

storage, analytics, and asset 

management in order to ensure 

information accuracy and peak 

operational output of the machinery.

4 ΖELG�����

7KH�FXVWRPHU�QHHG�LV�WR�GHȴQH�FULWLFDO�FRPSRQHQWV�DQG�WKHLU�UHPDLQLQJ�XVHIXO�OLIH�HDUOLHU�LQ�
WKH�OLIHF\FOH�RI�ȴHOGHG�DVVHWV�SURYLGLQJ�PRUH�WLPH�IRU�OLIH�H[WHQVLRQ�RSWLRQV��7KLV�LV�HVSHFLDOO\�

WUXH�LQ�ȴHOGHG�DVVHWV�ZLWK�D�YHU\�KLJK�FRVW�RI�VHUYLFH�DQG�UHSODFHPHQW��
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1990s

Computer-Aided

Engineering (CAE)

2000

Product Lifecycle

Management (PLM)

1970s

Computer-Aided

Design (CAD)

Computer-Aided 
Design (CAD) 

combines hardware 
and software that 

allows engineers to 
design and render 

models in three 
dimensions to be 
viewed from any 

angle.

1980s

Computer-Aided 

Manufacturing (CAM)

1995

Product Data 

Management (PDM)

2013

Prognostics

Computer-Aided 
Manufacturing (CAM) is 
a programming tool that 
makes it possible to 
manufacture physical 
models from CAD.

1940s

Condition-Based

Maintenance (CBM)

Condition-Based 
Maintenance (CBM) is 
maintenance performed 
after one or more 
indicators show that 
equipment will fail or 
performance is deterio-
rating. Maintenance 
when needed arises.

Computer-Aided 
Engineering (CAE) 

simulates performance 
through a series of 

mathematical models.  
Interactive graphic 

software can then be 
used to solve engineer-

ing problems.

Product Data Manage-
ment (PDM) is a 
FHUWLȴHG�V\VWHP�WR�
manage product data 
and process-related 
information.

Product Lifecycle 
Management (PLM) is 

an information and 
enterprise strategy 

that allows companies 
to manage the entire 
lifecycle of a product.

Prognostics are 
used by asset 
managers to 
extend the 
remaining useful 
life of a product.

:KHQ�VSHDNLQJ�RI�SURJQRVWLFV�DV�LW�UHODWHV�WR�
WKH�ΖQGXVWULDO�ΖQWHUQHW��ZH�DUH�VSHDNLQJ�DERXW�
SUHGLFWLYH�PRGHOLQJ�EDVHG�RQ�GHȴQHG�GDWD�VHWV�
WKDW�ZLOO�UHOLDEO\�SUHGLFW�WKH�IXWXUH�ZHDU�DQG�
WHDU�D�PDFKLQH�LV�OLNHO\�WR�H[SHULHQFH�WKURXJK�
WKH�FRXUVH�RI�LWV�H[SHFWHG�OLIHWLPH��7KURXJK�
LGHQWLI\LQJ�VSHFLȴF�GDWD�VHWV�DQG�IDFWRUV��H�J���
ZHDWKHU�LPSDFW��DJH�RI�H[LVWLQJ�PDFKLQH��VRXUFH�
RI�PDWHULDOV��HWF���SURJQRVWLF�WHVWLQJ�ZLOO�DOORZ�WKH�
XVHU�WR�SUHGLFW�WKH�RXWSXW�DQG�SHUIRUPDQFH�RI�
WKHLU�PDFKLQHU\��)XUWKHU��WKH�FRPSDQ\�ZLOO�UHDS�
WKH�EHQHȴWV�RI�DQWLFLSDWLQJ�WUXH�SURGXFWLRQ�YV��
H[SHFWHG�RXWSXW�RYHU�WKH�OLIHWLPH�RI�WKH�PDFKLQH��
6LPSO\�SXW��SURJQRVWLFV�DUH�WKH�QH[W�ORJLFDO�VWHS�
WKURXJK�WKH�ΖQGXVWULDO�ΖQWHUQHW�IRU�WKRVH�VHHNLQJ�D�
ZD\�WR�UHGXFH�RYHUKHDG�DQG�LQFUHDVH�HɝFLHQFLHV�

&RPELQLQJ�WKH�LQQRYDWLRQ�RI�WKH�ΖQGXVWULDO�
ΖQWHUQHW�ZLWK�WKH�VRXQG��SUHGLFWDEOH�GDWD�DQDO\WLFV�
RI�SURJQRVWLF�WHVWLQJ�ZLOO�KHOS�PLWLJDWH�PDFKLQH�
IDLOXUH��ZKLOH�LQFUHDVLQJ�RSHUDWLRQDO�HɝFLHQF\�DQG�
GUDPDWLFDOO\�LPSURYLQJ�52Ζ���3URJQRVWLFV�HQKDQFH�
FRQGLWLRQ�EDVHG�PDLQWHQDQFH��&%0���RWKHUZLVH�
NQRZQ�DV�SURJQRVWLF�KHDOWK�PDQDJHPHQW��3+0���
ΖQ�RWKHU�ZRUGV��XVLQJ�SURJQRVWLF�WHVWLQJ�ZLOO�DOORZ�
WKH�FRPSDQ\�WR�JDLQ�WKH�JUHDWHVW�UHWXUQ�IURP�
WKHLU�PDFKLQHU\�ZKLOH�DOVR�LQFUHDVLQJ�WKH�RYHUDOO�
HɝFLHQF\�GXULQJ�LWV�OLIHWLPH��3URJQRVWLFV�FRPELQHG�
ZLWK�WKH�ΖQGXVWULDO�ΖQWHUQHW�ZLOO�EH�WKH�VROXWLRQ�
IRU�HYHU\�LQGXVWU\�WKDW�LV�VHHNLQJ�WR�PD[LPL]H�
PDFKLQHU\�RXWSXW��LQFUHDVH�WKHLU�52Ζ��DQG�EHWWHU�
DQWLFLSDWH�IXWXUH�RXWFRPHV�

$�KLVWRU\�RI�WKH�PRGHOLQJ�WHFKQLTXH�XVHG�IRU�
SURGXFW�GHYHORSPHQW�DQG�DVVHW�PDQDJHPHQW�
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Understanding the Current State of 
Rotating Machinery-Based Industries

7KH�SULPDU\�EHQHȴFLDU\�RI�SURJQRVWLFV�ZLWKLQ�
WKH�ΖQGXVWULDO�ΖQWHUQHW�ZLOO�EH�DQ\�FRPSDQ\�ZLWK�
URWDWLQJ�PDFKLQHU\�DW�WKH�FRUH�RI�WKHLU�RSHUDWLRQ���
ΖQ�D�UHFHQW�SDSHU��*(�HVWLPDWHG�WKDW�WKHUH�DUH�RYHU�
��PLOOLRQ�W\SHV�RI�PDMRU�URWDWLQJ�HTXLSPHQW�LQ�XVH�
DFURVV�DOO�LQGXVWULHV���7KLV�QXPEHU�LV�DQ�HGXFDWHG�
JXHVV�RQ�WKHLU�SDUW�WR�EHVW�FDSWXUH�WKH�YROXPH�
RI�ȊWKLQJV�WKDW�VSLQȋ�ZLWKLQ�DQ�LQGXVWULDO�V\VWHP��
+RZHYHU��WKH�SRLQW�UHPDLQV�WKH�VDPH��WKHUH�LV�
FXUUHQWO\�PLOOLRQV�RI�VSLQQLQJ�FRPSRQHQWV�ZLWKLQ�D�
PXOWLWXGH�RI�LQGXVWULDO�DVVHWV�VSUHDG�RXW�DFURVV�DOO�
LQGXVWULHV���$OO�RI�WKHVH�FRPSRQHQWV�DUH�FXUUHQWO\�
VXEMHFW�WR�PRQLWRULQJ��DQDO\VLV��DQG�LQVSHFWLRQ�5

7KHVH�RULJLQDO�HTXLSPHQW�PDQXIDFWXUHUV��2(0V��
DQG�RSHUDWRUV�RI�HTXLSPHQW�FRPSDQLHV��DVVHW�
PDQDJHUV�ȃUDQJLQJ�IURP�FDUV�DQG�WUXFNV��
HQHUJ\�SURGXFLQJ�ZLQG�WXUELQHV�DQG�KHOLFRSWHUV��
WR�PHGLFDO�LPSODQWVȃZLOO�SD\�RYHU�����ELOOLRQ�
RYHU����\HDUV�WR�SURWHFW�WKHPVHOYHV�LQ�WKH�IRUP�
ZDUUDQWLHV��SURWHFWLRQV�DQG�UHVHUYHV���ΖI�2(0V�
DQG�RSHUDWRUV�JDLQHG�JUHDWHU�LQVLJKW�LQWR�WKH�
SHUIRUPDQFH�RI�WKHLU�PDFKLQHU\�DQG�ZHUH�WR�WDNH�
DGYDQWDJH�RI�WKH�HɝFLHQFLHV�RI�SURJQRVWLFV�ZKLOH�
DOVR�DOLJQLQJ�WKHLU�DVVHWV�XQGHU�D�SURJQRVWLFV�
EDVHG�PDQDJHPHQW��3%0��VHWXS��DQ�LGHD�
GLVFXVVHG�LQ�JUHDWHU�GHWDLO�ODWHU�LQ�WKH�SDSHU���DW�
OHDVW��������RI�UHVRXUFHV�FRXOG�EH�VKLIWHG�RYHU�WR�
SURȴW�UDWKHU�WKDQ�SURWHFWLYH�VDYLQJV�

)RU�H[DPSOH��DFFRUGLQJ�WR�WKH�$PHULFDQ�%HDULQJ�
$VVRFLDWLRQ��$%0$�������ELOOLRQ�LQ�EHDULQJV�LV�
VKLSSHG�JOREDOO\�HYHU\�\HDU��IDFLOLWDWLQJ�D�URWDWLQJ�
PDUNHW�WKDW�LV�HVWLPDWHG�DW�����WULOOLRQ��ΖI�WKH�
HQWLUH�LQGXVWU\�ZHUH�WR�VKLIW�WR�D�3%0�VHWXS��WKH�
LQGXVWU\�DV�D�ZKROH�ZRXOG�UHDOL]H�ZKDW�<HUJLQ�
LV�UHIHUULQJ�WR�ZKHQ�KH�VSHDNV�RI�WKH�ȴIWK�IXHO��
D�GUDPDWLF�LQFUHDVH�LQ�HɝFLHQF\�OHDGLQJ�WR�
LQFUHDVHG�SURȴWV�DQG�RYHUDOO�VDYLQJV���ΖQ�RWKHU�
ZRUGV��XWLOL]LQJ�D�3%0�VHWXS�ZLOO�KHOS�WKH�2(0V�
DQG�DVVHW�PDQDJHUV�UHDOL]H�ORZHU�FRVWV�DQG�
LQFUHDVHG�VDYLQJV�DOO�ZKLOH�VWLOO�PDLQWDLQLQJ�WKHLU�
FXUUHQW�RXWSXW���ΖQ�EHVW�FDVH�VFHQDULRV�ZKHUH�WKH�

3%0�VHWXS�LV�IXOO\�WDNHQ�DGYDQWDJH�RI��DQ�2(0�
RU�DVVHW�PDQDJHU�FDQ�DOVR�H[SHULHQFH�LQFUHDVHG�
SURGXFWLRQ�WR�JR�DORQJ�ZLWK�WKH�LQFUHDVHG�VDYLQJV�
WKDQNV�WR�WKH�HɝFLHQFLHV�JDLQHG�

8QGHU�FXUUHQW�VWDQGDUG�RSHUDWLRQ�SURFHGXUHV��
GLDJQRVWLFV�RQ�VSHFLȴFDOO\�WDJJHG�DVVHWV�LQ�
WKH�ȴHOG�UHWXUQ�GDWD�WKDW�LV�FROOHFWHG�RYHU�
H[SDQVLYH�OHQJWKV�RI�WLPH���7KLV�GDWD�LV�WKHQ�
HYHQWXDOO\�DQDO\]HG���ΖQ�D�ZRUVW�FDVH�VFHQDULR��WKH�
LQIRUPDWLRQ�UHWXUQHG�IURP�WKH�VSHFLȴFDOO\�WDJJHG�
DVVHW�PLJKW�FRPH�EDFN�DQG�LQGLFDWH�WKDW�WKH�DVVHW�
KDV�DOUHDG\�UHDFKHG�RSHUDWLRQDO�IDLOXUH�DQG�LV�QR�
ORQJHU�IXQFWLRQLQJ�DW�DOO��8QGHU�WKLV�FLUFXPVWDQFH��
WKH�2(0�RU�DVVHW�PDQDJHU�LV�ORVLQJ�YDOXDEOH�WLPH�
ZKHUH�SURGXFWLRQ�ODFNV�DQG�FRVWV�LQFUHDVH��7KH�
2(0�RU�DVVHW�PDQDJHU�PXVW�GHWHUPLQH�ZKHQ�
WKH�DVVHW�H[SHULHQFHG�RSHUDWLRQDO�IDLOXUH���7KLV�
ZLOO�LQYROYH�D�FRVWO\�HRUW�WR�VHQG�D�VSHFLDOLVW�LQWR�
WKH�ȴHOG�WR�SK\VLFDOO\�LQVSHFW�WKH�DVVHW�DQG�EULQJ�
EDFN�WKH�EURNHQ�SRUWLRQ�IRU�IXUWKHU�WHVWLQJ�DQG�
DQDO\VLV���'XULQJ�WKLV�WLPH��WKH\�DUH�GRZQ�RQH�
RSHUDWLRQDO�DVVHW�LQ�WKH�ȴHOG�DQG�ZLWKRXW�WKH�
LQFRPH�LW�ZDV�JHQHUDWLQJ���ΖQ�DOO��WZR�PRQWKV�ZLOO�
EH�VSHQW�LGHQWLI\LQJ�WKH�FDXVH�IRU�WKH�EUHDNGRZQ��
GHWHUPLQLQJ�ZKHWKHU�WR�UHSDLU�RU�UHSODFH�WKH�
EURNHQ�DVVHW��DQG�LQVWDOOLQJ�HLWKHU�WKH�UHSDLUHG�
DVVHW�RU�UHSODFLQJ�LW�FRPSOHWHO\��)RU�RVKRUH�
HTXLSPHQW��WKH�WLPHIUDPH�DQG�FRVW�IRU�UHSDLU�DIWHU�
D�EUHDNGRZQ�LV�VLJQLȴFDQWO\�KLJKHU�

5�(YDQV�DQG�$QQXQ]LDWD��ȊΖQGXVWULDO�ΖQWHUQHW��3XVKLQJ�WKH�%RXQGDULHV�RI�0LQGV�DQG�0DFKLQHV�ȋ������KWWS���ZZZ�JH�FRP�GRFV�FKDSWHUV�ΖQGXVWULDOBΖQWHUQHW�SGI���
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3UHVHQWO\��2(0V�DQG�DVVHW�PDQDJHUV�DUH�
H[SHULHQFLQJ�OHVVHU�52Ζ�ZKLOH�WKHLU�PDLQWHQDQFH�
DQG�XSNHHS�FRVWV�FRQWLQXH�WR�ULVH��'LVFRYHULQJ�D�
ZD\�WR�H[WHQG�WKH�XVHIXO�OLIH�RI�PDFKLQHU\�ZKLOH�
DOVR�LQFUHDVLQJ�RXWSXW�LV�D�SDUDPRXQW�FRQFHUQ�
IRU�2(0V�DQG�DVVHW�PDQDJHUV��ΖQ�GRLQJ�VR��WKH\�
FDQ�DYRLG�FRVWO\�DQG�WLPH�FRQVXPLQJ�HRUWV�WR�
GLDJQRVH�D�SUREOHP�DQG�GHWHUPLQH�ZKHWKHU�RU�
QRW�WR�ȴ[�RU�IXOO\�UHSODFH�WKH�IDXOW\�PDFKLQHU\��7KLV�
LV�WKH�SUREOHP�WKDW�)UDQN�6LOYHUQDLO��YLFH�SUHVLGHQW�
RI�HQJLQHHULQJ�DW�)LUVW�:LQG�

Discovering a way to extend the useful 

life of machinery while also increasing 

output is a paramount concern for 

OEMs and asset managers.

“We have close to a gigawatt-worth of wind turbines 
spread throughout the country and one of the 
biggest challenges we have is being able to predict 
the maintenance needs of the turbines, be able to 
predict the remaining useful life (RUL) that remains 
LQ�WKHVH�PDFKLQHV��EHFDXVH�LW�JHWV�TXLWH�H[SHQVLYH�WR�
VFKHGXOH�DQG�OLQH�XS�DOO�WKH�HTXLSPHQW�WKDW�LV�QHHGHG�
IRU�WKLV��6R��EHLQJ�DEOH�WR�PDQDJH�WKRVH�GRZQWLPHV��
manage those costs and to be able to do predictive 
maintenance versus a reactive maintenance, that’s 
UHDOO\�KRZ�\RX�PDQDJH�RSHUDWLQJ�\RXU�DVVHWV�ȋ

Simulations now exist to calculate the risk of performance failure overtime using multi-
SK\VLFV�EDVHG�PRGHOV�UXQQLQJ�RYHU�ODUJH�FRPSXWLQJ�FORXGV��:HLEXOOȇV�DQG�6�1�FXUYHV�DUH�

JHQHUDWHG�DV�RXWSXW�UHSRUWV��
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Prognostics as the Future

$V�KHOSIXO�DV�GLDJQRVWLF�WHVWLQJ�KDV�SURYHQ�WR�
EH�LQ�WKH�ȴUVW�ZDYH�RI�WKH�ΖQGXVWULDO�ΖQWHUQHW��
SURJQRVWLFV�DUH�UDSLGO\�VKRZLQJ�WR�EH�WKH�PRUH�
HHFWLYH�IRUP�RI�DQDO\WLFDO�WHVWLQJ�PRYLQJ�
IRUZDUG��$V�*(�SRLQWV�RXW��IRU�WKH�ΖQGXVWULDO�
ΖQWHUQHW�WR�GHYHORS�IXUWKHU��WKHUH�DUH�FHUWDLQ�
LQQRYDWLRQ�FDWHJRULHV�WKDW�PXVW�EH�DGGUHVVHG�
ȴUVWȃZKLFK�DUH�QRW�FXUUHQWO\�EHLQJ�PHW�E\�
GLDJQRVWLFV��7KHVH�LQFOXGH�WKH�IROORZLQJ�DUHDV�

•  Equipment:�6HQVRUV�PXVW�EH�LQWHJUDWHG�DQG�
GHSOR\HG�LQWR�QHZ�LQGXVWULDO�HTXLSPHQW�DV�ZHOO�
DV�UHWURȴWWLQJ�H[LVWLQJ�HTXLSPHQW�ZLWK�VHQVRUV�
IRU�WKH�HɝFLHQW��UHOLDEOH�FROOHFWLRQ�RI�GDWD�DQG�
DELOLW\�WR�WUDQVPLW�LW�LQ�UHDO�WLPH�

•  Advanced Analytics: 'HYHORSLQJ�D�WHFKQLFDO�
DUFKLWHFWXUH�EHWZHHQ�VLPLODU�DVVHWV�ZLOO�HQDEOH�
WKH�IDVWHU�GDWD�WUDQVIHUV�IRU�LQWHJUDWLRQ�DQG�
DQDO\VLV�

•  System Platforms:�1HZ�SODWIRUPV�PXVW�EH�
FUHDWHG�WKDW�ZLOO�DOORZ�ȴUPV�WR�EXLOG�VSHFLȴF�
DSSOLFDWLRQV�XSRQ�D�VKDUHG�IUDPHZRUN�
DUFKLWHFWXUH�ZKHUH�PXOWLSOH�JURXSV�FDQ�VKDUH�
LQIRUPDWLRQ�

•  Business Processes:�1HZ�EXVLQHVV�SUDFWLFHV�
PXVW�EH�HQIRUFHG�WKDW�SURPRWH�WKH�XVDJH�RI�
LQIRUPDWLRQ�JDLQHG�IURP�PDFKLQHU\�DQDO\WLFV�
WR�GULYH�EXVLQHVV�GHFLVLRQV�� 

(DFK�RI�WKHVH�IDFWRUV�FRQVLGHUHG�E\�*(�LV�
DGGUHVVHG�LQ�IXOO�XVLQJ�SURJQRVWLFV��:KHUHDV�
WKH�GLDJQRVWLF�VHWXS�ZLOO�RQO\�DOORZ�IRU�VLQJXODU�
IDFWRUV�WR�EH�VHSDUDWHG�DQG�WHVWHG�LQ�DQ�LVRODWHG�
HQYLURQPHQW�DW�RQFH��SURJQRVWLFV�DOORZV�IRU�
PXOWL�SK\VLFV��PRGHO�EDVHG�SUHGLFWLRQV���7KDW�
LV��SURJQRVWLFV�DOORZV�IRU�PRGHOLQJ�DOO�SRWHQWLDO�
IDFWRUV�DQ�2(0�RU�DVVHW�PDQDJHU�HQYLVLRQ�PLJKW�
DHFW�WKH�RXWSXW�DQG�IXQFWLRQDOLW\�RI�LWȇV�DVVHW�
DQG�WHVW�WKHP�DOO�DW�RQFH�WR�EHVW�DVFHUWDLQ�WKH�
SRWHQWLDO�RXWSXW�RI�WKH�DVVHW�LQ�TXHVWLRQ�

7KLV�LV�WKH�LGHD�RI�3%0�LQ�DFWLRQ��3%0�RVHWV�WKH�
FRVWV�W\SLFDOO\�DVVRFLDWHG�ZLWK�&%0���ΖQ�WKH�&%0�
VHWXS�WKDW�LV�FXUUHQWO\�XVHG�PRVW�RIWHQ�PDQ\�
FRVWO\�YDULDEOHV�VXFK�DV�VHQVRUV��GDWD�ZDUHKRXVLQJ�
QHHGV��DQG�PRQLWRULQJ�PXVW�EH�VHW�XS�LQ�RUGHU�WR�
FROOHFW�GDWD���$OO�RI�WKHVH�HOHPHQWV�UHTXLUH�VWHHS�
XSIURQW�LQYHVWPHQWV�WKDW�FDQ�FRVW�WKH�2(0�RU�
DVVHW�PDQDJHU��ΖQ�WKH�3%0�VHWXS�GHVFULEHG�DERYH��
WKH�2(0�RU�WKH�DVVHW�PDQDJHU�EHQHȴWV�IURP�
UHFHLYLQJ�WKH�SUHGLFWLYH�PRGHOV�XS�IURQW��ZKLFK�
FXWV�GRZQ�RQ�WKH�QHHG�WR�LQYHVW�LQ�PRUH�VHQVRUV�
RU�JUHDWHU�DPRXQWV�RI�GDWD�ZDUHKRXVH�VSDFH�

0XOWL�SK\VLFV��PRGHO�EDVHG�WHVWLQJ�DOVR�KDV�
DQRWKHU�PDMRU�EHQHȴW�RYHU�WKH�VWDQGDUG�
GLDJQRVWLF�WHVWLQJ�FXUUHQWO\�LQ�SUDFWLFH���7KURXJK�
WKLV�IRUP�RI�WHVWLQJ��SURJQRVWLFV�ZLOO�KHOS�
DFFXUDWHO\�SUHGLFW�PDFKLQH�IDLOXUH�before the 
PDFKLQH�EUHDNV�GRZQ��$OHUWV�ZLOO�VRXQG�ZHOO�
EHIRUH�EUHDNGRZQ�WKHUHE\�DRUGLQJ�WKH�2(0�

��ΖELG�����

Past Future

DIAGNOSTICS PROGNOSTICS

'LDJQRVWLFV�ORRN�EDFNZDUG�LQ�WLPH��3URJQRVWLFV�ORRN�IRUZDUG�LQ�WLPH��
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DQG�DVVHW�PDQDJHU�DPSOH�WLPH�WR�GHYHORS�D�
SODQ�RI�DFWLRQ�EHIRUH�WKH�VLWXDWLRQ�EHFRPHV�
FDWDVWURSKLF�WR�RSHUDWLRQV��ΖWȇV�LPSRUWDQW�WR�QRWH�
WKDW�XQGHUVWDQGLQJ�WKH�H[DFW�XVDJH�RI�D�PDFKLQH�
LV�YLWDO�LQ�RUGHU�WR�PDQDJH�WKH�V\VWHP�IURP�D�
UHPRWH�ORFDWLRQ��%\�UXQQLQJ�PXOWL�SK\VLFV��PRGHO�
EDVHG�WHVWLQJ�prior�WR�DFWLYDWLQJ�WKH�PDFKLQH��
WKH�2(0�RU�DVVHW�PDQDJHU�ZLOO�KDYH�YDOXDEOH�
LQVLJKW�LQWR�WKH�H[SHFWHG�SHUIRUPDQFH�RI�WKH�
DVVHW�EHIRUH�LQYHVWLQJ�KHDYLO\�LQWR�LWV�LQVWDOODWLRQ�
DQG�RSHUDWLRQ��7KURXJK�H[WHQVLYH�SURJQRVWLF�
PRGHOLQJ��WKH�2(0�RU�DVVHW�PDQDJHU�FDQ�LQSXW�D�
ZLGH�UDQJH�RI�IDFWRUV�LQWR�WKH�WHVWLQJ�WR�DFFRXQW�
IRU�WKH�P\ULDG�VFHQDULRV�WKDW�WKH�DVVHW�PLJKW�
HQFRXQWHU�LQ�WKH�ȴHOG��VXFK�DV�DFFRXQWLQJ�IRU�WKH
HQYLURQPHQW�ZKHUH�WKH�DVVHW�ZLOO�EH�SODFHG��WKH�
ZHDWKHU�FRQGLWLRQV�LW�ZLOO�IDFH��SRWHQWLDO�KXPDQ�
HUURU�GXULQJ�LQVWDOODWLRQ�RU�PDLQWHQDQFH��DQG�
JHQHUDO�ZHDU�DQG�WHDU�RYHU�WLPH��7KLV�IRUP�RI�
WHVWLQJ�ZLOO�KHOS�WKH�FRPSDQ\�VDYH�RQ�FRVWV�UHODWHG�
WR�UHSDLU�DQG�SRWHQWLDO�UHPRYDO��HVSHFLDOO\�LQ�WKH�
FDVH�RI�H[WUHPH�FRQGLWLRQ�PDFKLQHU\���ΖI�\RX�FDQ�
DQWLFLSDWH�WKH�IDLOXUH��\RX�FDQ�FLUFXPYHQW�WKH�LVVXH�
EHIRUH�LW�RFFXUV�DQG�OHDGV�WR�WRWDO�EUHDNGRZQ�

(PSOR\LQJ�SURJQRVWLFV�KHOSV�RVHW�H[WUDQHRXV�
FRVWV��EHLQJ�WKDW�����RI�WKH�FRVWV�DUH�LQ�WKH�
XSNHHS�DQG�PDLQWHQDQFH�RI�H[LVWLQJ�KDUGZDUH��

ΖI�WKH�ZHDNHVW�FRPSRQHQW�ZLWKLQ�WKH�PDFKLQHU\�
FDQ�EH�LGHQWLȴHG�DW�WKH�RQVHW�WKURXJK�PXOWL�
SK\VLFV��PRGHO�EDVHG�WHVWLQJ��WKH�2(0�RU�DVVHW�
PDQDJHU�KDV�WKH�OX[XU\�RI�GHFLGLQJ�WR�UHPRYH�
WKH�ZHDN�FRPSRQHQW�DQG�UHSODFLQJ�MXVW�WKDW�SDUW�
EHIRUH�SODFLQJ�WKH�DVVHW�RQOLQH��UDWKHU�WKDQ�EHLQJ�
IRUFHG�WR�SUHPDWXUHO\�UHSODFH�WKH�HQWLUH�DVVHW�
EHIRUH�LW�FDQ�UHDFK�LWV�H[SHFWHG�OLIH�H[SHFWDQF\�

Crack Initiation Testing through Prognostics

3URJQRVWLFV�FDQ�SURYLGH�ULVN�DVVHVVPHQWV�IRU�D�
ȵHHW�RI�DVVHWV�RU�HYHQ�D�VLQJXODU�DVVHW��7KURXJK�
IDLOXUH�PRGHOLQJ�WHVWLQJ�VXFK�DV�D�FUDFN�LQLWLDWLRQ�
WHVW��D�ȵHHW�RI�DVVHWV�RU�D�VLQJOH�DVVHW�FDQ�EH�
DVVHVVHG�IRU�IDLOXUH�UDWHV��7KH�FUDFN�LQLWLDWLRQ�WHVW�
LV�DQ�H[WUHPHO\�HHFWLYH�PHWKRG�WR�SUHGLFW�WKH�
RSHUDWLQJ�OLIH�RI�DQ�DVVHW��2QFH�DQ\�FRPSRQHQW�
ZLWKLQ�WKH�PDFKLQHU\�VWDUWV�WR�FUDFN�LQ�DQ\�ZD\��
LW�ZRQȇW�EH�ORQJ�WKHUHDIWHU�WKDW�WKH�HQWLUH�DVVHW�
PHHWV�RSHUDWLRQDO�IDLOXUH��7KURXJK�FUDFN�LQLWLDWLRQ�
WHVWLQJ�DQG�XVLQJ�SURJQRVWLFV�WR�UXQ�WKRXVDQGV�RI�
VLPXODWLRQV�RQ�WKH�VSHFLȴF�DVVHW�SULRU�WR�LWV�XVH�
LQ�WKH�ȴHOG��D�XQLTXH�ULVN�SURȴOH�FDQ�EH�FUHDWHG�RI�
WKH�DVVHW�WKDW�ZLOO�KHOS�LQIRUP�WKH�2(0�RU�DVVHW�
PDQDJHU�RI�LWV�OLIH�H[SHFWDQF\�DQG�SDUWLFXODU�
SRLQWV�RI�ZHDNQHVV�

8VLQJ�'LJLWDO&ORQH��DQ�RZQHU�RSHUDWRU�FRXOG�ORRN�DW�ERWK�WKH�ȊDV�LVȋ�VWDWH�RI�WKHLU�ȵHHW��WR�XQGHUVWDQG�WKH�H[LVWLQJ�
ȴQDQFLDO�OLDELOLW\�WKH\�KDYH�DV�PRUH�DVVHWV�IDLO�RYHUWLPH��OHIW�JUDSKLF���7KH\�FDQ�DOVR�VLPXODWH�YDULRXV�PDLQWHQDQFH�
RSWLRQV�IURP�GH�UDWLQJ�WR�RLO�FKDQJHV�WR�XQGHUVWDQG�WKH�LPSDFW�DQG�52Ζ�RI�OLIH�H[WHQVLRQ�GHFLVLRQV��ULJKW�JUDSKLF���

1e+3                 1e+4        1e+5 �H��� ���������������������H��� �������������������H��� �����������������H��

1e+0

�H��

�H��

year:

�H��

1e+0

�H��

�H��

year:

�H��
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&UDFN�LQLWLDWLRQ�WHVWLQJ�LV�GRQH�WR�LGHQWLI\�
PHFKDQLFDO�IDLOXUH�EHIRUH�LW�WXUQV�LQWR�RSHUDWLRQDO�
IDLOXUH���&UDFNV�FDQ�QRW�EHHQ�VHHQ�RU�KHDUG�
WKURXJK�VWDQGDUG�REVHUYDWLRQDO�LQVSHFWLRQV��
EXW�WKHLU�RFFXUUHQFH�EHJLQV�WKH�GHJUDGLQJ�
SURFHVV��7KLV�LV�ZKHUH�PHFKDQLFDO�IDLOXUH�EHJLQV��
ΖI�XQDWWHQGHG��WKH�SURFHVV�FDQ�HDVLO\�DFFHOHUDWH�
EDVHG�RQ�H[WUHPH�RSHUDWLQJ�FRQGLWLRQV�VXFK�DV�
ZHDWKHU�FRQGLWLRQV��KHDY\�XVDJH�RI�WKH�PDFKLQHU\��
DQG�JHQHUDO�ZHDU�DQG�WHDU�RYHU�WLPH��8OWLPDWHO\��LW�
ZLOO�OHDG�WR�RSHUDWLRQDO�IDLOXUH��

0HFKDQLFDO�IDLOXUH�GLHUV�IURP�RSHUDWLRQDO�IDLOXUH�
LQ�WKDW�WKHUH�LV�VWLOO�WLPH�IRU�WKH�2(0�RU�DVVHW�
PDQDJHU�WR�VDOYDJH�WKH�PDFKLQHU\��ZKHUHDV�
RSHUDWLRQDO�IDLOXUH�LV�ZKHQ�WKH�PDFKLQH�FDQ�
QR�ORQJHU�IXQFWLRQ�DQG�SURGXFH���ΖGHQWLI\LQJ�
PHFKDQLFDO�IDLOXUH�DW�WKH�RQVHW�WKURXJK�HDUO\�
GHWHFWLRQ�PHDVXUHV��VXFK�DV�FUDFN�LQLWLDWLRQ�
WHVWLQJ�WKURXJK�SURJQRVWLFV�JLYHV�WKH�2(0�
RU�DVVHW�PDQDJHU�DQ�RSSRUWXQLW\�WR�DVN�WZR�
TXHVWLRQV�

     1.  Can I extend the RUL of the  
          machine at this point?

     2.  Is it practical and economically  
����������IHDVLEOH�WR�ȴ[�WKH�SDUW�LQ�TXHVWLRQ�����
          in order to extend the RUL of the  
          machine?

7DNLQJ�WKH�SURDFWLYH�DSSURDFK�E\�OHYHUDJLQJ�FUDFN�
LQLWLDWLRQ�WHVWLQJ�WR�LGHQWLI\�WKH�EHJLQQLQJV�RI�
PHFKDQLFDO�IDLOXUH�EHIRUH�LW�UHDFKHV�RSHUDWLRQDO�
IDLOXUH�QRW�RQO\�H[WHQGV�WKH�58/�RI�DQ�2(0�RU�
DVVHW�PDQDJHUȇV�PDFKLQHU\��EXW�LW�LQFUHDVHV�WKH�
HɝFLHQF\�DQG�RYHUDOO�RXWSXW�RI�WKH�ȵHHW�ZLWKRXW�
KDYLQJ�WR�VXHU�WKH�FRVWO\�DOWHUQDWLYH�RI�UHDFWLQJ�
WR�RSHUDWLRQDO�IDLOXUH��

7KH�RQO\�ZD\�DQ�DVVHW�FDQ�FXUUHQWO\�EH�WHVWHG�
XVLQJ�GLDJQRVWLFV�LV�WKURXJK�SK\VLFDO��RQVLWH�
LQVSHFWLRQ�RU�WKURXJK�UHYLHZ�RI�WKH�DVVHW�SRVW�
IDLOXUH��:LWK�FUDFN�LQLWLDWLRQ��WKH�2(0�DQG�DVVHW�
PDQDJHU�FDQ�UXQ�D�WZR�SURQJHG�DSSURDFK�WR�
DVVHW�PDQDJHPHQW�DQG�SUHYHQWLYH�FDUH��$V�
SUHYLRXVO\�PHQWLRQHG�DERYH��WKH�ȴUVW�PHWKRG�LV�
WR�ORRN�DW�WKH�ȊDV�LVȋ�VWDWH�RI�WKH�ȵHHW�RU�VLQJXODU�
DVVHW�SULRU�WR�LWV�DFWLYDWLRQ���7KLV�SHUIRUPDQFH�
DQDO\VLV�ZLOO�EH�UXQ�EDVHG�RQ�WKH�VSHFLȴF�QHHGV�RI�
WKH�2(0�RU�DVVHW�PDQDJHU��7KH�VHFRQG�DSSURDFK�
LV�WR�PRQLWRU�WKH�DVVHWV������RQ�D�UHDO�WLPH�EDVLV�
WR�PHDVXUH�IRU�DQ\�FUDFN�IDLOXUHV�WKDW�PLJKW�EH�
GHYHORSLQJ��%HFDXVH�SURJQRVWLFV�FDQ�EH�UXQ�ERWK�
YLD�VLPXODWLRQ�DQG�WKURXJK�UHDO�WLPH�WUDFNLQJ��
WKH�2(0�RU�DVVHW�PDQDJHU�FDQ�WKXV�EH�DVVXUHG�
SULRU�WR�DFWLYDWLRQ�RI�DQ�DVVHWȇV�UHOLDELOLW\��DQG�DOVR�
EH�FRQȴGHQW�WKDW�LI�DQ�XQIRUHVHHQ�FLUFXPVWDQFH�
EHIDOOV�D�SDUWLFXODU�DVVHW�LQ�WKH�ȴHOG��WKH�LVVXH�
FDQ�EH�TXLFNO\�LGHQWLȴHG�DQG�D�SODQ�RI�DFWLRQ�WR�

Life Extension

Nucleation Initiation Long

Failure

Decision

Point

Small

6HQWLHQW�6FLHQFHȇV�FULWLFDO�SRLQW�RI�WKH�WHFKQRORJ\�GLHUHQWLDWLRQ�LV�LQ�XQFRYHULQJ�FUDFN�QXFOHDWLRQ�LQ�PDWHULDOV�
EHIRUH�D�FXVWRPHU�FDQ�VHH��KHDU�RU�YLVXDOL]H�WKH�ȊPHFKDQLFDOȋ�IDLOXUH��7KH�HDUOLHU�DQ�RZQHU�FDQ�XQFRYHU�D�IDLOXUH�LQ�

D�FULWLFDO�FRPSRQHQW��WKH�PRUH�RSWLRQV�DQG�WLPH�WKH\�KDYH�WR�PDNH�OLIH�H[WHQVLRQ�GHFLVLRQV�
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PLWLJDWH�GLVDVWHU�FDQ�EH�UDSLGO\�HQDFWHG���6HQVRUV�
FDQ�EH�SODFHG�RQ�URWDWLQJ�HTXLSPHQW�WR�WHVW�LW�
DQG�SURMHFW�LWV�OLIH�H[SHFWDQF\�E\�LGHQWLI\LQJ�DQ\�
ZHDNQHVVHV�ZLWKLQ�WKH�FRPSRQHQWV�

7KH�ORJLF�EHKLQG�WKH�WZR�SURQJHG�DSSURDFK�LV�
VLPSOH��\HW�HHFWLYH��ΖI�DQ�2(0�RU�DVVHW�PDQDJHU�
FDQ�DFFXUDWHO\�SUHGLFW�RU�DQWLFLSDWH�ZKHQ�D�
FRPSRQHQW�ZLOO�UHDFK�PHFKDQLFDO�IDLOXUH��WKH�
IDXOW\�SLHFH�FDQ�EH�LPPHGLDWHO\�SXOOHG�IURP�WKH�
PDFKLQH�IRU�UHPDQXIDFWXULQJ�Ȃ�PHDQLQJ��UHSDLU�RU�
FRPSOHWH�UHSODFHPHQW��7KLV�DSSURDFK�HQKDQFHV�
WKH�HɝFLHQF\�RI�WKH�DVVHW�E\�SURYLGLQJ�DPSOH�
RSSRUWXQLW\�WR�ȴ[�WKH�ZHDN�QHDU�EURNHQ�SDUW�
EHIRUH�WKH�HQWLUH�PDFKLQH�LV�LQRSHUDEOH���7KLV�
DOWHUQDWLYH�LV�D�IDU�FKHDSHU�DQG�PXFK�PRUH�
HɝFLHQW�WKDQ�ZDLWLQJ�IRU�RSHUDWLRQDO�IDLOXUH�WR�
RFFXU�DQG�EHLQJ�IRUFHG�WR�UHSODFH�WKH�HQWLUH�
PDFKLQH�

7DNLQJ�DGYDQWDJH�RI�SURJQRVWLF�WHVWLQJȃZKHWKHU�
SULRU�WR�GHSOR\PHQW�RU�ZKLOH�WKH�DVVHW�LV�LQ�WKH�
ȴHOGȃGUDVWLFDOO\�FXWV�GRZQ�RQ�WHVWLQJ�WLPH�
FXUUHQWO\�H[SHULHQFHG�XQGHU�GLDJQRVWLF�WHVWLQJ��
3URJQRVWLFV�FDQ�EH�XVHG�WR�WHVW�DVVHWV�DQG�WKHLU�
VSHFLȴF�FRPSRQHQWV�ZLWKLQ�KRXUV�DQG�GD\V�
YHUVXV�WKH�PRQWKV�RU�\HDUV�QHHGHG�IRU�DFFXUDWH�
GLDJQRVWLF�WHVWLQJ��)XUWKHU��WKLV�QRW�RQO\�OHDGV�WR�
JUHDWHU�FRVW�VDYLQJV��EXW�WKH�DELOLW\�WR�LPSURYH�
XSRQ�FXUUHQW�FRPSRQHQWV�DQG�FUHDWH�DQ�HYHQ�
EHWWHU�DVVHW�IRU�WKH�IXWXUH�

The Material Genome and a Stronger 
Asset

ΖGHQWLI\LQJ�WKH�IDLOXUHV�RI�D�FRPSRQHQW�WKURXJK�
D�FUDFN�LQLWLDWLRQ�WHVW�DQG�SURJQRVWLFV�OHDGV�WR�
D�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�PDFKLQHU\ȇV�
PDWHULDO�JHQRPH���0XFK�OLNH�WKH�ȊKXPDQ�JHQRPH�
SURMHFWȋ��WKH�LGHD�EHKLQG�WKH�PDWHULDO�JHQRPH�
LV�WR�HVVHQWLDOO\�XQGHUVWDQG�WKH�FRPSRQHQWV�
WKDW�PDNH�XS�DQ�DVVHW�DW�WKH�PROHFXODU�OHYHO���
%\�XQGHUVWDQGLQJ�WKH�FRPSRQHQWV�WKDW�FUHDWH�
DQ�DVVHW�DW�WKH�PROHFXODU�OHYHO��ZHOO�IRXQGHG�
SUHGLFWLRQV�DQG�H[SHFWDWLRQV�DERXW�WKH�
SHUIRUPDQFH�RI�WKH�DVVHW�FDQ�EH�PDGH��

If an OEM or asset manager can 

accurately predict or anticipate when 

a component will crack, the faulty 

piece can be immediately pulled from 

the machine for repair or complete 

replacement.

DigitalClone uses a material model simulated under actual operating conditions to calculate the probability 
RI�FUDFNV�IRUPLQJ�EHIRUH�D�ERUVFRSH�FRXOG�GHWHFW�D�SUREOHP�ZLWK�D�FULWLFDO�FRPSRQHQW�
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The use of prognostics in the 

Industrial Internet to manage rotating 

machinery, such as assets with roller 

bearings is how OEMs and asset 

managers can decode the material 

genome of their assets and best 

SUHGLFW�LWV�RSHUDWLRQDO�HɝFDF\�

7KH�IHGHUDO�JRYHUQPHQW�UHFHQWO\�VWDUWHG�WKH�
0DWHULDOV�*HQRPH�ΖQLWLDWLYH�DV�DQ�HRUW�GHVLJQHG�
WR�GLVFRYHU��PDQXIDFWXUH��DQG�GHSOR\�DGYDQFHG�
PDWHULDOV�WZLFH�DV�IDVW��DW�D�IUDFWLRQ�RI�WKH�FRVW���
7KH\�GHȴQH�D�JHQRPH�DV�ȊȐD�VHW�RI�LQIRUPDWLRQ�
HQFRGHG�LQ�WKH�ODQJXDJH�RI�'1$�WKDW�VHUYHV�
DV�D�EOXHSULQW�IRU�DQ�RUJDQLVPȇV�JURZWK�DQG�
GHYHORSPHQW�ȋ�7KH�XOWLPDWH�JRDO�RI�WKH�SURJUDP�LV�
WR�DFFHOHUDWH�WKH�XQGHUVWDQGLQJ�DQG�GHYHORSPHQW�
RI�DGYDQFHG�PDWHULDOV�WKURXJK�FRPSXWDWLRQDO�
WHFKQLTXHV��PRUH�HHFWLYH�XVH�RI�VWDQGDUGV��
DQG�HQKDQFHG�GDWD�PDQDJHPHQW����7KH�XVH�RI�
SURJQRVWLFV�LQ�WKH�ΖQGXVWULDO�ΖQWHUQHW�WR�PDQDJH�
URWDWLQJ�PDFKLQHU\��VXFK�DV�DVVHWV�ZLWK�UROOHU�
EHDULQJV�LV�KRZ�2(0V�DQG�DVVHW�PDQDJHUV�FDQ�
GHFRGH�WKH�PDWHULDO�JHQRPH�RI�WKHLU�DVVHWV�DQG�
EHVW�SUHGLFW�LWV�RSHUDWLRQDO�HɝFDF\�

$QRWKHU�ZD\�WR�GHVFULEH�WKH�PDWHULDO�JHQRPH�LQ�
UHODWLRQVKLS�WR�DVVHW�PDQDJHPHQW�WKURXJK�WKH�
ΖQGXVWULDO�ΖQWHUQHW�LV�WR�FRQVLGHU�LW�LQ�WKH�YHLQ�RI

� 1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&RXQFLO��8�6����Materials Genome Initiative for Global Competitiveness��>:DVKLQJWRQ��'�&�@��([HFXWLYH�2ɝFH�RI�WKH�3UHVLGHQW��1DWLRQDO�
6FLHQFH�DQG�7HFKQRORJ\�&RXQFLO�������������KWWS���ZZZ�ZKLWHKRXVH�JRY�VLWHV�GHIDXOW�ȴOHV�PLFURVLWHV�RVWS�PDWHULDOVBJHQRPHBLQLWLDWLYH�ȴQDO�SGI��

&%0���%\�ORRNLQJ�DW�WKH�'1$�RI�WKH�FRPSRQHQWV�
XVHG�WR�FUHDWH�WKH�DVVHW��WKH�2(0�RU�DVVHW�
PDQDJHU�FDQ�SUHGLFW�ZKDW�PLJKW�KDSSHQ�WR�
WKH�DVVHW�LQ�WKH�IXWXUH��7KURXJK�D�JUHDWHU�
XQGHUVWDQGLQJ�RI�WKH�VXP�RI�WKH�DVVHWȇV�SDUWV��
WKH�2(0�RU�DVVHW�PDQDJHU�FDQ�EH�FRQȴGHQW�WKDW�
WKH�DVVHW�ZLOO�SURYLGH�WKH�H[SHFWHG�52Ζ�ZLWK�QR�
GLVUXSWLRQ�

7KH�SRZHU�RI�WKH�'LJLWDO&ORQH�SURJQRVWLF�PRGHOV�LV�LWV�DELOLW\�WR�GHFRGH�WKH�PDWHULDO�JHQRPH�RI�D�VSHFLȴF�
URWDWLQJ�FRPSRQHQWV��VXFK�DV�D�UROOHU�EHDULQJ��VR�DQ�RSHUDWLRQDO�HɝFDF\�FDQ�EH�GHWHUPLQHG�
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Using prognostics has already proven 

to help OEM and asset managers gain 

JUHDWHU�HɝFLHQFLHV��DQG�WKXV��UHDOL]H�
substantial cost savings.

Prognostics in Action

*DLQLQJ�HɝFLHQFLHV�IURP�LQVWDOOHG�LQGXVWULDO�
DVVHWV�SURYLGHV�WKH�KLJKHVW�52Ζ�DQ�2(0�RU�DVVHW�
PDQDJHU�FDQ�H[SHULHQFH��8VLQJ�SURJQRVWLFV�
KDV�DOUHDG\�SURYHQ�WR�KHOS�2(0�DQG�DVVHW�
PDQDJHUV�JDLQ�JUHDWHU�HɝFLHQFLHV��DQG�WKXV��
UHDOL]H�VXEVWDQWLDO�FRVW�VDYLQJV���7KURXJK�WKH�
XVH�RI�SUHGLFWLYH�VRIWZDUH�DQG�SURJQRVWLFV��
2(0�DQG�DVVHW�PDQDJHUV�FDQ�KHOS�NHHS�WDEV�RQ�
WKHLU�LQGXVWULDO�DVVHWV�DQG�UHPDLQ�D�VWHS�DKHDG�
ZKHQ�GHWHUPLQLQJ�ZKLFK�DVVHWV�QHHG�VHUYLFLQJ�
DQG�ZKHQ��WKDQNV�WR�LQIRUPDWLRQ�WUDQVPLWWHG�E\�
WKH�DVVHWV�IRU�SURFHVVLQJ�LQ�UHDO�WLPH�FRPELQHG�
ZLWK�WKHLU�SURJQRVWLF�DQDO\VLV�UDQ�DW�WKH�RQVHW��
)RU�H[DPSOH��)LUVW�:LQG�KDV�UHDSHG�VXEVWDQWLDO�
EHQHȴWV�E\�HPSOR\LQJ�SURJQRVWLFV�WR�JRYHUQ�WKHLU�
H[LVWLQJ�ZLQG�IDUP�DVVHWV���

7KURXJK�WKH�XVH�RI�6HQWLHQW�6FLHQFHȇV�SURJQRVWLFV�
EDVHG�FRPSXWDWLRQDO�VROXWLRQ��'LJLWDO&ORQH70��)LUVW�
:LQG�LV�EHJLQQLQJ�WR�UHDOL]H�DQ�LPSDFWIXO�52Ζ�

WKDW�KDV�OHG�WR�VWURQJ�FRVW�VDYLQJV�DQG�LQFUHDVHG�
HɝFLHQF\�RI�WKHLU�H[LVWLQJ�DVVHWV�LQ�WKH�ȴHOG��$V�
)LUVW�:LQGȇV�6HQLRU�$VVHW�0DQDJHU��6DUDK�/RYHOO��
H[SODLQV��Ȋ*HDUER[�UHSODFHPHQW�LV�H[SHQVLYH��
UHTXLULQJ�D�ORQJ�OHG�WLPH�IRU�UHSODFHPHQW�SDUWV�
DQG�VFKHGXOLQJ�RI�UHVRXUFHV��7KH�SURPLVHG�DELOLW\�
WR�SUHGLFW�WKH�58/�RI�RXU�JHDUER[HV�ZLOO�DOORZ�XV�
WR�PD[LPL]H�DVVHW�YDOXH�DQG�RSWLPL]H�WKH�EDODQFH�
RI�SURDFWLYH�EDWFK�JHDUER[�UHSODFHPHQW��$OVR��WKH�
PRGHOLQJ�SURPLVHV�WR�JLYH�HDUO\�YLVLELOLW\�RI�WKH�
JHDUER[�LPSDFW�RI�SURDFWLYH�WXUELQH�SHUIRUPDQFH�
RSWLPL]DWLRQ�LQLWLDWLYHV��VXFK�DV�ZLQG�VHFWRU�
PDQDJHPHQW�DQG�ȴQG�WXQLQJ�RI�EODGH�SLWFK�
SDUDPHWHUV�ȋ

'LJLWDO&ORQH�LV�XVHG�WR�FDOFXODWH�WKH�UHPDLQLQJ�XVHIXO�OLIH�RI�H[LVWLQJ�ȴHOGHG�DVVHWV�
DQG�WR�SURYLGH�ȊZKDW�LIȋ�RSWLRQV�WR�H[WHQG�WKH�OLIH�RI�WKRVH�DVVHWV��
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8VLQJ�'LJLWDO&ORQH��)LUVW:LQG�DFFXUDWHO\�VLPXODWHV�
WKH�ȊUHDO�ZRUOGȋ�RSHUDWLQJ�FRQGLWLRQV�IRU�VSHFLȴF�
FRPSRQHQWV�ZLWKLQ�WKH�ZLQGPLOOȇV�JHDUER[��8VLQJ�
D�ȊJURXQG�WUXWKȋ�PRGHO��ZKLFK�LV�UHSUHVHQWDWLYH�RI�
WKH�DFWXDO�VHULDOL]HG�DVVHW�DQG�KRZ�LW�UHDFWV�XQGHU�
GLHUHQW�RSHUDWLRQ�FRQGLWLRQV��)LUVW:LQG�LV�DEOH�WR�
DFFXUDWHO\�SUHGLFW�KRZ�FRPSRQHQWV�ZLOO�SHUIRUP�
GRZQ�WR�WKH�PLFURVWUXFWXUH���)XUWKHU��EH\RQG�
VLPSO\�DQDO\]LQJ�DQG�WHVWLQJ�WKH�FRUH�FRPSRQHQWV�
RI�DQ�DVVHW��)LUVW:LQG�LV�DEOH�WR�VXEMHFW�WKH�DVVHW�
WR�H[WHQVLYH�K\SRWKHWLFDO�DQDO\VLV���8QGHU�WKLV�
ȊZKDW�LIȋ�VFHQDULR�RI�WHVWV��)LUVW:LQG�FUHDWHV�
D�VHULHV�RI�SRWHQWLDO�VFHQDULRV�WKHLU�DVVHWV�
PLJKW�IDFH�RXW�LQ�WKH�ȴHOG�WR�EHWWHU�SUHSDUH�IRU�
XQIRUHVHHQ�FLUFXPVWDQFHV�DQG�EHVW�SUHSDUH�WKH�
DVVHWV�IRU�WKHVH�VLWXDWLRQV��WKHUHIRUH�RSWLPL]LQJ�
WKH�SHUIRUPDQFH�RI�WKH�DVVHWV�

8VLQJ�WKH�IROORZLQJ�VL[�VWHS�SURFHVV��)LUVW�:LQG�
ZDV�DEOH�WR�DQDO\]H�WKH�JHDUER[HV�RI�WKHLU�ZLQG�
WXUELQHV�DW�WKH�PDFUR�OHYHO�ZKHUH�PDFKLQHU\�
V\VWHPV�IXQFWLRQ�DQG�FRUUHODWH�LW�WR�VWUHVVHV�DW�WKH�
PLFUR�OHYHO�LQ�RUGHU�WR�SUHGLFW�WKH�RSHUDWLQJ�OLIH�

1. Macro-Level Stress Analysis, Load 

Prediction, and Preliminary Design and 

Test – 7KLV�SULPDU\�VWHS�VWDUWV�ZLWK�D�KLJK�OHYHO�
HYDOXDWLRQ�RI�WKH�JOREDO�ORDGV�DQG�VWUHVVHV�LQ�
D�V\VWHP�LQ�RUGHU�WR�GHWHUPLQH�WKH�ZHDN�OLQNV�
LQ�GHVLJQ�DQG�LGHQWLI\�SUREOHP�LVVXHV��8QGHU�D�
WUDGLWLRQDO�GLDJQRVWLFV�PRGHO��WKH�2(0�RU�DVVHW�
PDQDJHU�ZRXOG�VWRS�DIWHU�WKLV�VWHS�DQG�EHJLQ�
D�VWDWLVWLFDO�DQDO\VLV��+RZHYHU��WKLV�ȴUVW�VWHS�
LV�DNLQ�WR�D�EDOOSDUN�HVWLPDWH�RI�WKH�SRWHQWLDO�
VWUHVVHV�HQGXUHG�E\�DQ�DVVHW�DQG�GRHV�QRW�
SURYLGH�VXɝFLHQW�EDFNLQJ�GDWD�WR
SUHGLFW�WKH�SHUIRUPDQFH�RI�WKH�DVVHW���
7KHUHIRUH��DGGLWLRQDO�VWHSV�DUH�UHTXLUHG�

2. Material Characterization and 

Microstructure Analysis –�$Q�LQ�GHSWK�
HYDOXDWLRQ�RI�WKH�PLFURVWUXFWXUH�RI�WKH�
PDWHULDO�LV�FRQGXFWHG�IURP�PRGHOLQJ�DQG�
HPSLULFDO�VWDQGSRLQWV��ΖQ�HHFW��WKLV�LV�WKH�
VWHS�WKDW�GHDOV�ZLWK�WKH�DQDO\VLV�RI�DQ�DVVHWȇV�
PDWHULDO�JHQRPH�

'LJLWDO&ORQH�LQWHJUDWHV�D�SURJQRVWLFV�V\VWHPV�PRGHO�ZLWK�GLDJQRVWLF�VHQVRUV�RQ�D�ȴHOGHG�
DVVHW�WR�FRQȴUP�WKDW�DFWXDO�RSHUDWLQJ�FRQGLWLRQV�HLWKHU�VXSSRUW�RU�UHTXLUH�XSGDWHV�RI�WKH�

IDLOXUH�SUHGLFWLRQV��
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Through prognostics, FirstWind 

can select the optimum equipment 

and conditions for operating wind 

turbines.

3. Traction Analysis –�7UDFWLRQ�DQDO\VLV�LV�
FRQGXFWHG�WR�EHWWHU�XQGHUVWDQG�WKH�VXUIDFH�
VWUHVVHV�DW�WKH�PLFUR�OHYHO���:KLOH�WKH�VXUIDFH�
RI�D�FRPSRQHQW�PD\�DSSHDU�WR�EH�VPRRWK�
DW�WKH�PDFUR�OHYHO�DIWHU�VWHS�RQH��D�GLHUHQW�
SLFWXUH�FDQ�HPHUJH�ZKHQ�XVLQJ�D�PLFURVFRSH�
WR�VWXG\�LW�DW�WKH�PLFUR�OHYHO���7KLV�VWHS�JLYHV�
JUHDW�LQVLJKW�LQWR�ZKDW�KDSSHQV�DIWHU�WZR�
VXUIDFHV�PDNH�FRQWDFW�ZLWK�DQRWKHU�DQG�
FUHDWH�IULFWLRQ��EXW�LW�RQO\�VHUYHV�DV�WKH�LQLWLDO�
LQVLJKW��$Q�DGGLWLRQDO�VWHS�PXVW�EH�FDUULHG�RXW�
WR�XQGHUVWDQG�KRZ�WKH�PDWHULDOV�UHDFW�WR�WKH�
VWUHVV�FDXVHG�E\�WKH�LQWHUDFWLRQ�DQG�IULFWLRQ�

4. Microstructure-Based Fatigue Model – 

7DNLQJ�WKH�LQIRUPDWLRQ�JDLQHG�IURP�VWHS����
VWHS���LQYROYHV�DSSO\LQJ�UHSHDWHG�VWUHVVHV�LQ�
WKH�FRQWDFW�]RQH�RI�WZR�PDWHULDOV�WR�JHQHUDWH�
GDWD�RQ�WKH�UHDFWLRQ�RI�WKH�PDWHULDOV�DIWHU�
UHSHWLWLYH�FRQWDFW���'XULQJ�WKLV�VWHS��VWUHVVHV�
VXFK�DV�WKH�IRUPDWLRQ�RI�FUDFNV��DUH�VLPXODWHG�
DQG�DFFRXQWHG�IRU�E\�WKH�PRGHOLQJ�WR�SUHGLFW�
WKHLU�HHFW�RQ�SRWHQWLDO�IDLOXUH���2QFH�D�
VLPXODWLRQ�KDV�EHHQ�UXQ�DQG�DQ�XQGHUVWDQGLQJ�
RI�ZKDW�FDXVHV�WKH�PDWHULDO�WR�IDWLJXH�LV�
HVWDEOLVKHG��D�PRGHO�WR�SUHGLFW�IDLOXUH�FDQ�EH�
GHYHORSHG�

5. Run Microstructure-Based Fatigue 

Model to Failure –�7KH�JRDO�RI�WKLV�VWHS�LV�
WR�GHWHUPLQH�WKH�PHFKDQLVPV�WKDW�WULJJHU�
DVVHW�IDLOXUH�DQG�ZLOO�UHQGHU�WKH�RSHUDELOLW\�
RI�D�SDUWLFXODU�PDWHULDO�LQHHFWLYH��0RGHOLQJ�
LQ�WKLV�VWHS�VKRZV�KRZ�GLHUHQW�PHFKDQLVPV�
PLJKW�EH�WKH�FDXVH�RI�IDLOXUH��GHSHQGLQJ�RQ�
WKH�YDULRXV�W\SHV�RI�VWUHVVHV�WKDW�WKH�PDWHULDO�
PLJKW�HQFRXQWHU���2QFH�WKH�YDULDEOHV�DUH�
XQGHUVWRRG�WKDW�FDQ�FDXVH�PDFKLQH�IDLOXUH��
WKH\�DUH�WHVWHG�DJDLQ�WR�GHWHUPLQH�ZKDW�
FRXUVHV�RI�DFWLRQ�FDQ�EH�WDNHQ�WR�DGGUHVV�WKH�
LVVXH�

6. Account for Variability in the System 

3DUDPHWHUV�WKDW�PD\�KDYH�DQ�LPSDFW�RQ�
PDWHULDO�OLIH�DUH�YDULHG�WR�GHWHUPLQH�ZKDW�
HHFW�WKHVH�FKDQJHV�PD\�KDYH�WR�LPSURYH�RU�
UHGXFH�RSHUDWLQJ�OLIH���7KHVH�VLPXODWLRQV�FDQ�
EH�UXQ�UHSHDWHGO\�ZKLOH�FKDQJLQJ�WKH�YDULDEOH�
LQ�RUGHU�WR�JDLQ�D�IXOO�XQGHUVWDQGLQJ�RI�WKH�
PDWHULDOȇV�DELOLW\�WR�SHUIRUP�XQGHU�YDULRXV�
VWUHVVHV�

8OWLPDWHO\��WKH�XVH�RI�D�SURJQRVWLFV�EDVHG�
SURJUDP�OLNH�'LJLWDO&ORQH�DQG�WKH�VL[�VWHS�
SURFHVV�GHVFULEHG�DERYH�KDV�SURYLGHG�)LUVW�:LQG�
VLJQLȴFDQW�FRVW�VDYLQJV�DQG�ORZHU�RYHUKHDG���
7KURXJK�SURJQRVWLFV��)LUVW�:LQG�FDQ�VHOHFW�WKH�
RSWLPXP�HTXLSPHQW�DQG�FRQGLWLRQV�IRU�RSHUDWLQJ�
ZLQG�WXUELQHV��$V�/RYHOO�VD\V��Ȋ)LUVW�:LQG�ZLOO�
KDYH�WKH�DELOLW\�WR�PD[LPL]H�WKH�UHWXUQ�RQ�HDFK�
LQGLYLGXDO�WXUELQH�GRZQ�WR�WKH�FRPSRQHQW�OHYHO�ȋ

7KH�ZLQGPLOO�LQGXVWU\�LV�QRW�WKH�RQO\�LQGXVWU\�
EDVHG�RQ�URWDWLQJ�PDFKLQHU\�WR�EHJLQ�UHDOL]LQJ�
WKH�EHQHȴWV�RI�SURJQRVWLFV�WKURXJK�WKH�ΖQGXVWULDO�
ΖQWHUQHW��7KH�DYLDWLRQ�LQGXVWU\�KDV�DOVR�GLVFRYHUHG�
WKH�EHQHȴWV�WKDW�FRPH�ZLWK�EHLQJ�DEOH�WR�
SUHGLFW�WKH�58/�RI�WKH�FRPSRQHQWV�WKDW�PDNH�
XS�WKHLU�PDFKLQHU\���6SHFLȴFDOO\��FRPSDQLHV�
VXFK�DV�6LNRUVN\�$LUFUDIW�&RUSRUDWLRQ��6LNRUVN\��
DQG�%RHLQJȃZKR�ERWK�FRQVWUXFW�KHOLFRSWHUVȃ
KDYH�IRXQG�SURJQRVWLFV�DQG�D�SURJUDP�VXFK�DV�
'LJLWLDO&ORQH�YLWDO�LQ�H[WHQGLQJ�WKH�OLIH�RI�WKH�
JHDUER[�LQ�WKH�GULYH�V\VWHPV��

DigitalClone provides critical component-based life 
predictions that role up to system-wide predictions 

WKDW�UROO�XS�WR�VLWH�DQG�ȵHHW�ZLGH�SUHGLFWLRQV�
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$�NH\�FKDOOHQJH�WKDW�ERWK�6LNRUVN\�DQG�%RHLQJ�
IDFHG�RQ�WKHLU�UHVSHFWLYH�SURMHFWV�LQYROYHG�WKH�
ORDGV�DVVRFLDWHG�ZLWK�WKH�WDLO�URWRU�GULYH�WUDLQ��
3ULPDULO\�GXH�WR�DEVRUELQJ�WKH�EUXQW�RI�VWUHVV�
FDXVHG�E\�PDQHXYHUV��WKH�WDLO�URWRU�GULYH�WUDLQ�
JHQHUDOO\�H[SHULHQFHV�D�PRUH�YDULDEOH�UDQJH�RI�
IRUFH�WKDQ�WKDW�H[SHULHQFHG�E\�WKH�PDLQ�URWRU�
GULYH�WUDLQ���2YHU�WKH�OLIH�RI�DQ\�SDUWLFXODU�PLOLWDU\�
URWRUFUDIW��LW�LV�QRW�XQFRPPRQ�IRU�WKH�DLUFUDIWȇV�
RSHUDWLQJ�JURVV�ZHLJKW�WR�VWHDGLO\�LQFUHDVH��
FDXVLQJ�WKH�DLUFUDIW�WR�ȵ\�DW�KLJKHU�PHDQ�SRZHU�
OHYHOV�DQG�WKXV�LQFUHDVLQJ�WKH�RSHUDWLQJ�ORDG�
VSHFWUXP�DVVRFLDWHG�ZLWK�WKH�WDLO�URWRU�GULYH�WUDLQ���
6SHFLDO�PLVVLRQV�DQG�XQLTXH�HTXLSPHQW�ORDGV��
VXFK�DV�SXOOLQJ�D�PLQH�VZHHSLQJ�VOHG�RU�YHU\�KLJK�
DOWLWXGH�KLJK�JURVV�ZHLJKW�DVVDXOWV��FDQ�SXW�VHYHUH�
ORDG�GHPDQGV�RQ�WKH�WDLO�GULYH�WUDLQ��

'XULQJ�WKHVH�RYHUORDG�FRQGLWLRQV�WKH�SULPDU\�
IDLOXUH�PRGH�RI�FRQFHUQ�LV�VXGGHQ�XQSUHGLFWHG�
JHDU�WRRWK�IUDFWXUH��$W�ORDGV�VLJQLȴFDQWO\�DERYH�
WKH�HQGXUDQFH�OLPLW��WRRWK�IUDFWXUHV�FDQ�LQLWLDWH�
IURP�YHU\�VPDOO�GHIHFWV�DQG�UDSLGO\�SURSDJDWH�
ZLWK�SRWHQWLDOO\�FDWDVWURSKLF�UHVXOWV��8VLQJ�3+0�
YLD�D�SK\VLFV�EDVHG�PRGHO��ERWK�6LNRUVN\�DQG�
%RHLQJȃLQ�SDUWQHUVKLS�ZLWK�WKH�8�6�$UP\�$YLDWLRQ�
$SSOLHG�7HFKQRORJ\�'LUHFWRUDWHȃZHUH�DEOH�WR�
SUHGLFW�WKH�GULYH�V\VWHP�JHDUVȇ�VDIH�IDWLJXH�OLIH�
ZKHQ�VXEMHFWHG�WR�ORDGV�VLJQLȴFDQWO\�DERYH�WKHLU�
UDWHG�HQGXUDQFH�OLPLW�SRZHU��RU�WKHLU�JHQHUDOO\�
DFFHSWHG�OHYHO�RI�WROHUDQFH�WR�VWUHVV��7KLV�PHDQV�
WKDW�WKURXJK�WKH�XVH�RI�3+0��ERWK�FRPSDQLHV�
ZHUH�DEOH�WR�DFFXUDWHO\�SUHGLFW�WKH�IDLOLQJ�SRLQW�IRU�
WDLO�URWRU�GULYH�WUDLQV��7KLV�PRGHO�SUHGLFWHG�ERWK�
WKH�UDWH�RI�GDPDJH�SURSDJDWLRQ�DQG�WKH�GDPDJH�
SDWWHUQ�REVHUYHG�LQ�H[SHULPHQWV�

The next generation aircraft will make use of prognostic models to inform the pilot of the remaining useful life of critical 
FRPSRQHQWV�DV�WKH\�FKDQJH�GXW\�F\FOHV�GXULQJ�DQ�RSHUDWLRQDO�PLVVLRQ�
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2WKHU�DUHDV�ZKHUH�SURJQRVWLFV�DQG�3%0�KDV�
SDLG�GLYLGHQGV�DUH�IRU�WKRVH�RSHUDWLQJ�KHDY\�
YHKLFOHV�DV�SDUW�RI�WKHLU�RSHUDWLRQV��VXFK�DV�LQ�WKH�
FRQVWUXFWLRQ�RU�PLQLQJ�LQGXVWU\���)RU�H[DPSOH��
ΖQGXVWULDV�3H³ROHV�6�$�%��GH�&�9���3H³ROHV�ȃWKH�
VHFRQG�ODUJHVW�0H[LFDQ�PLQLQJ�FRPSDQ\�DQG�
WKH�ZRUOG�OHDGHU�LQ�VLOYHU�SURGXFWLRQȃXWLOL]HV�
'LJLWDO&ORQH�WR�LQFUHDVH�WKH�HɝFLHQF\�RI�WKHLU�
KHDY\�PDFKLQHU\��VSHFLȴFDOO\��EDOO�PLOOV��8VLQJ�
'LJLWDO&ORQH�DQG�3%0�WR�SUHGLFW�DQG�DQWLFLSDWH�
PHFKDQLFDO�IDLOXUH�KDV�DOORZHG�3H³ROHV�WR�ORZHU�
WKHLU�FRVWV�ZKLOH�LQFUHDVLQJ�RYHUDOO�RXWSXW��

Using prognostic models, a design team can examine the overload testing and performance 
OLPLWV�RI�D�GULYH�V\VWHP�EHIRUH�EHJLQQLQJ�SK\VLFDO�WHVWLQJ�

Using DigitalClone and PBM to predict 

and anticipate mechanical failure has 

allowed Peñoles to lower their costs 

while increasing overall output.
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Embracing the Future of the Industrial 
Internet

'DQLHO�<HUJLQ�SRLQWV�RXW�LQ�The Quest – Energy, 
Security, and the Remaking of the Modern World 
WKDW�DOWKRXJK�LQGXVWU\�LQ�JHQHUDO�KDV�EHFRPH�
PRUH�HɝFLHQW��WKHUH�LV�VWLOO�SOHQW\�RI�VDYLQJV�WR�EH�
UHDOL]HG��+H�UHPLQGV�WKH�UHDGHU�WKDW�WHFKQRORJ\�LV�
DQ�HYHU�HYROYLQJ�IRUFH�DQG�LV�FRQVWDQWO\�FUHDWLQJ�
QHZ�RSSRUWXQLWLHV��+H�VXJJHVWV�WKDW�WHFKQRORJLFDO�
DGYDQFHV�VXFK�DV�DGYDQFHG�VHQVRUV�DQG�FRPSXWHU�
FRQWUROV�DUH�RSHQLQJ�WKH�GRRUV�IRU�QHZ�LQQRYDWLRQ�
WKDW�ZLOO�OHDG�WR�JUHDWHU�HQHUJ\�HɝFLHQF\�8��7KH�
GHYHORSPHQW�RI�SURJQRVWLFV�ZLWKLQ�WKH�ΖQGXVWULDO�
ΖQWHUQHW�LV�DQ�H[DPSOH�RI�WKH�LQQRYDWLRQ�<HUJLQ�LV�
VSHDNLQJ�DERXW�

$V�*(�IXUWKHU�SRLQWV�RXW��Ȋ$�FHQWUDO�WKHPH�RI�
WKH�ΖQGXVWULDO�ΖQWHUQHW�VWUDWHJ\�LV�RSWLPL]LQJ�
DVVHW��RSHUDWLRQDO�DQG�EXVLQHVV�SHUIRUPDQFH�ȋ9 
$V�GHVFULEHG�WKURXJKRXW�WKLV�SDSHU��JDLQLQJ�
HɝFLHQFLHV�IURP�DOUHDG\�H[LVWLQJ�DVVHWV�LQ�WKH�
ȴHOG�SURYLGHV�WKH�KLJKHVW�52Ζ�DQ�2(0�RU�DVVHW�
PDQDJHU�FDQ�UHDOL]H�WRGD\��ZKLOH�DOVR�GUDPDWLFDOO\�
H[WHQGLQJ�WKH�58/�RI�WKHLU�RSHUDWLRQDO�
PDFKLQHU\���7R�DFKLHYH�WKLV��SURJQRVWLFV�RHU�
WKH�JUHDWHVW�LQVLJKW�DYDLODEOH�LQWR�WKH�PDWHULDO�
JHQRPH�RI�WKH�FRPSRQHQWV�WKDW�RSHUDWH�DQ�
DVVHW���8QGHUVWDQGLQJ�WKH�FRPSRVLWLRQ�RI�DQ�
DVVHW�WKURXJK�SURJQRVWLFV�DQG�WKH�ΖQGXVWULDO�
ΖQWHUQHWȃEH�LW�D�ZLQGPLOO�JHDUER[��WKH�JHDUER[�
ZLWKLQ�D�WDLO�SURSHOOHU�RI�D�KHOLFRSWHU��RU�DQ\�RWKHU�
URWDWLQJ�FRPSRQHQWȃJUDQWV�WKH�2(0�RU�DVVHW�
PDQDJHU�WKH�DELOLW\�WR�RSWLPL]H�WKH�RXWSXW�DQG�
SHUIRUPDQFH�RI�WKH�DVVHW�LQ�TXHVWLRQ��

3URJQRVWLFV�WKURXJK�3%0�ZLOO�IXUWKHU�HOLPLQDWH�
WKH�RYHUKHDG�WKDW�FRPHV�ZLWK�WKH�VWDQGDUG�&%0�
DSSURDFK�WR�DVVHW�PDQDJHPHQW��WKXV�JHQHUDWLQJ�
PDVVLYH�FRVW�VDYLQJV��%\�XVLQJ�3%0�WR�YDOLGDWH�WKH�
HɝFDF\�RI�DQ�DVVHW�SULRU�WR�LWV�DFWLYDWLRQ�LQ�WKH�
ȴHOG��FRXSOHG�ZLWK�PHDVXULQJ�WKH�SHUIRUPDQFH�
RI�WKH�DVVHW�RQ�D�UHDO�WLPH�EDVLV��2(0V�DQG�DVVHW�
PDQDJHUV�UHPDLQ�D�VWHS�DKHDG�RI�PDFKLQH�IDLOXUH��
7KLV�DSSURDFK�DOORZV�2(0V�DQG�DVVHW�PDQDJHUV�WR�

Prognostics through PBM will further 

eliminate the overhead that comes 

with the standard CBM approach to 

asset management, thus generating 

massive cost savings.

8 Yergin, The Quest: Energy, Security, and the Remaking of the Modern World������
9�$QQXQ]LDWD�DQG�(YDQV��Ȋ7KH�ΖQGXVWULDO�ΖQWHUQHW#:RUN�ȋ������KWWSV���ZZZ�JH�FRP�VLWHV�GHIDXOW�ȴOHV�*(BΖQGXVWULDOΖQWHUQHWDW:RUNB:KLWH3DSHUB���������SGI��
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EHFRPH�SURDFWLYH��UDWKHU�WKDQ�UHPDLQ�VWXFN�LQ�D�
UHDFWLYH�VWDWH��DV�LV�WKH�FXUUHQW�VWDQGDUG�RSHUDWLQJ�
SURFHGXUH�

$FFRUGLQJ�WR�(G�:DJQHU��YLFH�SUHVLGHQW�DW�6HQWLHQW��
ȊZKHQ�\RX�ORRN�DW�EXVLQHVV�SODQ�WRGD\��HYHU\�
IRRWQRWH�H[SODLQV�WKDW�\RX�FDQ�QRW�PDNH�IRUZDUG�
ORRNLQJ�VWDWHPHQWV��%XW�ZKDW�LI�\RX�FRXOG"�:KDW�
LI�\RX�NQHZ�WKH�IXWXUH�RXWFRPH�RI�WKDW�EXVLQHVV�
SODQ�EHIRUH�\RX�LQYHVWHG"�3URJQRVWLFV�IRU�LQ�WKH�
ȴHOG��FRXSOHG�ZLWK�PHDVXULQJ�WKH�SHUIRUPDQFH�
RI�WKH�DVVHW�RQ�D�UHDO�WLPH�EDVLV��2(0V�DQG�DVVHW�
PDQDJHUV�UHPDLQ�D�VWHS�DKHDG�RI�PDFKLQH�IDLOXUH��
7KLV�DSSURDFK�DOORZV�2(0V�DQG�DVVHW�PDQDJHUV�
WR�EHFRPH�SURDFWLYH��UDWKHU�WKDQ�UHPDLQ�VWXFN�
LQ�D�UHDFWLYH�VWDWH��DV�LV�WKH�FXUUHQW�VWDQGDUG�
RSHUDWLQJ�SURFHGXUH��0DFKLQHU\�FDQ�RHU�WKDW�
IRUZDUG�ORRNLQJ�YLHZ�WRGD\��<RX�ZRXOGQȇW�PDQDJH�
D�EXVLQHVV�ZLWKRXW�SUHGLFWLYH�PRGHOLQJ�WRROV�LQ�
ȴQDQFH��VXSSO\�FKDLQ�RSHUDWLRQV�DQG�VDOHV��7RGD\�
WKDW�OHYHO�RI�LQVLJKW�DQG�SUHGLFWLRQ�LV�QRZ�DYDLODEOH�
IRU�\RXU�FRPSOH[�PDFKLQHU\�ȋ�

$V�<HUJLQ�H[SODLQV�LQ�KLV�ERRN��HɝFLHQF\�ZLOO�EH�
WKH�GULYLQJ�HFRQRPLF�HQJLQH�RI�WKH�IXWXUH��Ȋ$V�WKH�
ZRUOG�WXUQV�RYHU�LWV�FDSLWDO�VWRFNȃRI�EXLOGLQJV��
YHKLFOHV��HTXLSPHQW��DQG�IDFWRULHVȃHɝFLHQF\�
ZLOO�EH�HQKDQFHG��EHFDXVH�WKH\�ZLOO�HPERG\�
KLJKHU�VWDQGDUGV�RI�HɝFLHQF\��$V�FRQVHUYDWLRQ�LV�
LQFUHDVLQJO\�VHHQ�DV�D�FRPSHWLWLYH�HQHUJ\�VRXUFH��
LW�ZLOO�EH�FRPSDUHG�ZLWK�RWKHU�LQYHVWPHQWV���ΖQ�
PDQ\�FDVHV��WKH�HFRQRPLF�FDVH�IRU�FRQVHUYDWLRQ�
ZLOO�EH�YHU\�FRPSHOOLQJ�ȋ10 

)RU�LQGXVWULHV�ZLWK�URWDWLQJ�PDFKLQHU\�SOD\LQJ�D�
YLWDO�UROH�LQ�RSHUDWLRQV��WKH�FDVH�IRU�FRQVHUYDWLRQ�
DQG�WKH�PHDQV�WR�DFKLHYH�LW�LV�XSRQ�XV��
3URJQRVWLFV�DQG�WKH�ΖQGXVWULDO�ΖQWHUQHW�SUHVHQW�
WKH�RSSRUWXQLW\�IRU�YDVW�HɝFLHQFLHV�WKDW�FDQ�OHDG�
GLUHFWO\�WR�VXEVWDQWLDO�FRVW�VDYLQJV�LQ�WKH�IRUP�
RI�DVVHWV�WKDW�ODVW�ORQJHU�DQG�RHU�SUHGLFWDEOH�
SHUIRUPDQFH�DW�DQ�RSWLPDO�OHYHO�

Prognostics and the Industrial 

Internet present the opportunity for 

YDVW�HɝFLHQFLHV�WKDW�FDQ�OHDG�GLUHFWO\�
to substantial cost savings in the 

form of assets that last longer and 

RHU�SUHGLFWDEOH�SHUIRUPDQFH�DW�DQ�
optimal level.

10 Yergin, The Quest: Energy, Security, and the Remaking of the Modern World����������
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