l\.
! “ .9

Obrlgado pela parhapagao'

O webinar comecara em inSta ntes

Para conectar o audio, selecione "Communicate" -> Audio Connection
e escolha a saida de audio que deseja utilizar para escutar ao Webinar
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CBM - Estrategias para
evitar falhas e reduzir
custos
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Agenda

~

Caso da Bassggaeem Mod_e_lo
PSE&G Calendario Preditivo
\ 2\ BN
CBM e o P Baseado em SR <«

System Condicoes .
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PSERG: America’™s
Most Raelialle
Electric Utility.. =G4
Acgair. - -

&

Conditioned Based &k
Maintenance (CBM)

Presen f:ed by:

Asset Information and System Policy Leader

Presented for:
San Paulo, Brazi
081 Soft User Group
Richard WYemsing
June 8 2016

O PSEG

W make things work for you.
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Benefits Breakdown

These annual expenditures protect $1.7 B of inside plant assets and full
benefits after approximately five years.

Capital Rep.
A .
\ 10% Overall Reduction
Failures A
\ Capital Rep
Corrective Failures
Maintenance Corrective
Maintenance
Condition Based
Pr_eventive Note:
Preventive Maintenance lllustration depicts
— LRI Based overall changes in
Preventive .
Maintenance _mamtenance
Investment
Historical Today strateqv.
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sset Health Score

/~ Webpages - LtcsCA-ReplaceSumm _,_Ig_lﬁl
| S IL hitp:ffmossapps. pseg.com/sites /. A5 [ *2 1| I:i soogle |2 -
| File Edt View Favorites Tools Help
] . Favorites } 5 # Home - CMMS Asset Inform... -~ NET # PSEG Applications Online (2) &® PI Coresight € Information Central # CMMS-MOSS #  Consolidated Manager Hom. .. e
@ webpages - LtcsCA-ReplaceSummary J L ] {4} B - b | ‘@l ~ Page >~ Safety ~ Tools » @v
JiS Asset Hanagement 2l
MS Asset Management > Webpages > LtcsCA-ReplaceSummary
D PSEG LTC CA-Replacement Summary Report
@ CA Records
Details Division Floc Floc Descr =O= Equipment Equip Descr Score Person Status
= CE IPE-CE-NED -T1 = 1 Transformer 000000000010023053 Load Tap Changer No action
-O= CE IPE-CE-SOS -T1 = 1 Transformer 000000000010503188 Load Tap Changer (URT) Shirish Patel Awaiting Main
= CE IPE-CE-SMN -2PM 132-2 Transformer 000000000010023219 Load Tap Changer 132-2 Mark oK
- CE IPE-CE-SMV -T2 = 2 Transformer 000000000010505774 Load Tap Changer T2 Lenny Torchia Complete
O PA IPE-PA-NRB -T1 = 1 Transformer C00000000010637892 Load Tap Changer
= ME IPE-ME-SES -2TRH 220-2 Transformer 0000000000105098861 Load Tap Changer PHASE 1 T
O ME IPE-ME-SES -1TRH 220-1 Transfoermer 00000000001050S859 Load Tap Changer George Arthur Awaiting Main
- PA IPE-PA-BAOC -T40 & 40 Transformer 000000000010542685 Load Tap Changer George Arthur No Action
O =le] IPE-SO-DVB -T2 = 2 Transformer 000000000010542963 Load Tap Changer Angela Rothweiler Thru Neutral
0= ME IPE-ME-SBV -2TRHE 220-28 000000000010508499 Load Tap Changer 4.5 Angela Rothweiler Thru Neutral
O PA IPE-PA-WAD -T10 = 10 Transformer 000000000010542773 Load Tap Changer 2.2
-O= PA IPE-PA-LEO -T3 = 3 Transformer 000000000010542721 Load Tap changer 4.4
= CE IPE-CE-SAL -4TRH 220-4 Transformer 000000000010502666 Load Tap Changer L4 George Arthur Awaiting Main
= CE IPE-CE-SAL -4TRH 220-4 Transformer 000000000010502666 Load Tap Changer 4.4 George Arthur Awaiting Main
O CE IPE-CE-FRA -T1 =1 Transformer 000000000010671654 Load Tap Changer 2.2
= CE IPE-CE-SLI -132-5 132-5 Transformer 000000000010023211 Load Tap Changer 132-5 26Kv 4.3 Paul oK
O ME IPE-ME-SBV -1TRH 220-1 Transformer 000000000010505496 Load Tap Changer 1 A 4.3 George oK -
o : o
[pone [ [ 7 Trusted sites [Fa~[® 0% ~

@istart| | (2 @ 5] €© (=W E] O
OSlsoft.

| [Olib... | @vom...| [E]Mcr... | @8 web...| _iDistr...| H)oaly...| Hieme... [[@ web... O] WD AL % (o 3:36m

© Copyright 2016 OSlsoft, LLC




Moulton Niguel Water District May 2008
Energy Management Report

RepotDale 652008 oays 3t Aversge DadyTemp  ThS Month 63 e/ LastMOA G2 1k
TotPrecptaton  This Mot 008 sy Lastbonn 000

e Cost  TolFws TetEnergy

Reducing Energy Costs §Y}})

Moulton Niguel Water vasoveo EECEN s @ mee
I ) - o 66

2 Bighiguel

perAF RunTie Auphess  Schedue st Uiy B Act iRy B8 BADsle 54 Days Bl Pur 4 Rate
# 2 " 4 !

TouPSIAP SIS ST91S 0-disy
Toursiar it $i28 un

Leadling the Way in Service o ™
- s st 1
2 e i e i

TOUPSIAP  $3280  $3284 Wlay

PATCRP  SI1280  S8073 san

s Highinds ™ W roseswae Mo s e
9 JRT AWT No 2 [0 s 104 TOUCPP.GECD  §30,768 529355 ddun
' [

] Pa S04 S8 T

Energy management is a business process in Moulton Niguel Water o

12 PD2 s088___ 46 nsa i PATICPP  SLAZ SIS ikn

R d t . . 13 Rancho s sz o & PAT  SAAT4  SAE68  17m
14 Sheep Hills 52028 162 6205 o ns TOU-P-5-HAP 54205 B85 T
where Reduce energy COsts for pumping water in the o
18 Wood Canyon S $41.59) 35954 ATE 108 TOUP-E1AP $3.238 82760 4dun
d. t .b t. t k I. t . t t. b d ‘t Tatals (Average) $54.53 1678 842,581 Sui 7 $51,725 384861
istribution network relieves a strain to operation budge T
e A T e
e E e e e o
Dec 55 4707 822 342403 e o 538696 543423
dan 5 84537 M8 3682033 o ™ ] 838465 542228 B
Feb 50 34618 T4 N7TE0 a % & 534343 540.613 LY
Apr 53 4410 1847 25528 “ ™ % S81451  578.202 Y
May a8 $sa83 T8 Ba2sel - o o s01725 564851 Y

Lack of operational visibility and real- Energy management becoming a Monitoring pump efficiency and

time analytics for energy business process with Pl as the core optimizing electrical consumption of
consumption solution pumping in real time to leverage demand

response and time of use, thereby

. - o
« Reduce electrical demand reducing electricity costs by 15%

* The need to deliver safe drinking charges - Reduse ersiay cosis wiliin e

water cost effectively water distribution network by
$200,000+ per year

© Copyright 2016 OSlsoft, LLC 13




Real-time Energy Management

Moulton Niguel Water
Leading the Way in Service

15% or $200,000+ Annual energy savings, Save $1.50/person served each year

Total Precipitation This Month  0.08 sg»y LastMonth  0.00 g/ July 0.06 i
Facility Efficiency Calc Rate Cost Tot Flow Tot Energy Energy per AF Run Tme Avg nead Schedule Est Utilty Bill Act Utitty Bill Bill Date  Bill Days Billed Pwr | Bill Rate
[3] [Ekwh] [$lacre-foot] [acre- r.a.aq [ acre- Fiomol | %) (E3] - [kwh] [Ffkwh)
| e A [ L L e Lulf [ o o Fo o il
1 aisovieo  [EEIN $119.15 80 119840 1502 TOU-P-S-1.AP  $9504  ST.915 30-May 30 116919
2 Big Niguel 0% - 0 766 - TOU-P-S-1-AP s121 5128 3-Jun 32 785
3 Country Village 0% 1,325 - PATICPP 5190 $308 S-Jun 30 2,043
4 Crown Point 496 PATI 87,475 86121  17-Jun 32 55760
5 Crown Valley 212 PATICFF 5814 $3683  16-Jun 32 34,003
6 ElDorado 39,811 424 TOU-P-S-1-AP §3,260 $3,254  30-May 30 38,525
7 Galivan 62,037 339 PATICPP  $12,420 $8,073 9-Jun 32 75684
8 Highlands 46 848 726 137 TOU-P-S-1-AP 83913 83736 29-May 30 45538
9 JRTAWT Mo 2 283,443 499 104 TOU.CFP-GCCD  $30,769 §29,355 4-Jun 30 279,997
10 LaPaz = 0 TOU-P-S§-1-AP §2,709 §2,709 22-May 30 37,547
11 PID-1 0% - 0 1,317 - 88 PATI 5244 187  17-Jun 30 1,246
12 PID-2 : 13,543 294 74 PATICPP 81,423 $1485 17-Jun 30 13,625
13 Rancho 51,022 M7 63 PATI 86,174 $6869  17-Jun 32 53,680
14 Sheep Hills 62,056 436 115 TOU-P-S-1-AP §4,305 54,855 3-Jun 32 67,054
15 Southridge 56,081 1078 99 TOU-P-S-1-AP §5,165 $3,814 3-Jun 32 57,873
16 Wood Canyon 36,954 476 106 TOU-P-5-1-AP §3,238 $2,769 4-Jun 30 33,862
Totals (Average) 46% §54.63 1679 842591 502 a7 591,725 584,851 914,141
Design Efficiency 72
MNWD Key Energy Indicators
Efficiency Calc Rate Cost TotFlow Tot Energy Energy per AF  Water Sys Head Est Utilty Bill At Utilty Bill Bill Billed Pwr Bill Rate
(%) [$fkwh) [$lacre-foot) [acte-foot) (kwh) (kwhiacre-foot]  IneiDer  [psia) %) (£3] InciDer [kwh) [$tkwh)
Dec 55 347.07 822 342,403 416 a7 538,696 543,423 419,390 30.1035
lan [~ AL 27T -Fl-J 289 YD A7 oo TI0 ARR EAT’EUD“ dAan0 E9% &N ARSN

© Copyright 2016 OSlsoft, LLC
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Guia de implementacao de CBM com o Pl System

osli

I
A Guidebook to Implementing
Condition-Based Maintenance
| (CBM) Using Real-time Data

A practical guide to getting more value from real-time data
by supporting asset management systems

/\ Condition Monitoring
A% Condition-Based Maintenance
Decision Support

Enterprise Integration

Business Intelligence

Terms & Definitions

Implementation Guidance

Pl System Overview for CBM

Pl System Intearation w/ CMMS

EFnabling Opportunities

Solution Examples

Industrv References

© Copyright 2016 OSlsoft, LLC
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Quatro Metodologias todas possiveis com Pl System

Run to failure

roc
nal

Detection Limit Opportunity window. Damage Limit
OPERATING

Failure initiated Ultrasonic Detection _ vipration Detection
H Oil Analysis Detected
? Audible Noise
5 Hot to Touch
% Mechanically Loose Pl Sys‘tem CMMS
5 PI Limit, deviation,
o = | s ,
5 , ‘ change, etc.
g Ancillary Damage ers Meter
g A o g c T
z Input Analysis Notifications Action | = Updates
Catastrophic Failure wiecer Acknowledgment

Y [
Work Order Number and o IC 0

Status.

CHARACERTISTIC CONTINUOUS

PARAMETERS
Power Q
Pressure
Temperature

Time >

CA = F1(M1) + F2(M2) + F3(M3) + ...

Motor=
Andlise do Oleo Lubrificante = 4 (0.3) = 1.2

. . + Vida util remanescente = 3 (0.2) = 0.6
Condition Assessment & Criticality . |qade do Equipamento= 4 (0.1) = 0.4

Determination + Carga Maxima Suportada = 4 (0.2) = 0.8
+ Historico de Falhas =2 (0.2) = 0.6
= 3.6 (of 5)

© Copyright 2016 OSlsoft, LLC 16




Os 6 passos de CBM com o Pl System Pl integrators & 88 Server N Gsas

Pl System Access ORACLE"
coe @ JDEdwards

1. Conectar as fontes relevantes %

2. Coletar e armazenar os datos

1
2

Notifications @

Event Frames

3. Criar contexto (Baseado em ativos)

Analysis OQ
O

4. Aplicar l6gica de Monitoramento de Condi¢des

Pl Asset
5. Visualizar condi¢cdes em tempo real

6. Alertar e notificar
Pl Data
Archive

Interfaces & Pl Connectors

. PI Coresight

N\ i * ’ Pl ProcessBook
x% P| DataLink

oo @ Pl Server Pl Visualization

Suite E:) Pl WebParts

d
3
1

ab
-
—
Pl



http://www.sap.com/index.epx

Além da Manutencao Baseada em Calendario

Eficacia

A

Rondas de Operador
Leituras Manuais
Andlises Manuais

Preventivo

Baseado em Calendario
Baseado em Horas Op.

Preditivo

Baseado em Modelo de

Baseado em Condicdes

Continuo
Leituras Automaticas

Instrumentado  Apslises Automaticas
Leituras Automaticas

Analises Manuais

Sistema de
Aprendizagem de
Maquina

Reativo

Quebra — Reparo
Opera até falhar

» Eficiéncia

© Copyright 2016 OSlsoft, LLC



(‘ OSl-o. Report - Critical Motors - Run Hours Last Update: 3-12-2016
| Equipment Daily Run Hours Lifetime Run Hours  During Last Period Pefl(.;id Since Last Service Last Service Next Service
| Agitator 1204 | a5t | 7.975 0 3mo 387 11012016  11/10/2016
Agitator 1205 10,119 2,154 3mo 409 21232016  10/312016
' Agitator 1304 9,908 2,118 amo 697 2112016 121132016
Agitator 1305 9,908 2,118 3mo 697 21112016 121112016
Fan 5163 8,554 1,174 3mo 2,664 10112015 5/1/2016
Fan 5164 9,292
st - Exemplo 1 - Baseado em Uso
Pump 3809 8,587
Pump 3810 9,618 2,079 3mo 3,837 01232015 /112016 ‘

© Copyright 2016 OSlsoft, LLC 20




© PI Coresight A Motor Run Hours Report B4 |AdHocDispeyy | [1] | A mscHooLsudent | @

(‘ OSl:=oft. Report - Critical Motors - Run Hours Last Update: 7-11-2016
Equipment Daily Run Hours  Lifetime Run Hours  During Last Period Period Since Last Service Last Service Next Service
Agitator 1204 m 8,373 398 3mo 395 1/10/2016 11/10/2016
Agitator 1205 13,037 2,907 3mo 3,327 2/23/2016 10/3/2016
Agitator 1304 12,828 2,908 3mo 3,616 2/11/2016 12/13/2016
Agitator 1305 12,828 2,908 3mo 3,616 2/11/2016 12/1/2016
Fan 5163 12,331 3,778 3mo 6,441 10/1/2015 5/1/2016
Fan 5164 12,155 2,862 3mo 6,428 10/2/2015 5/2/2016
Fan 8144 12,751 2,902 3mo 6,547 10/5/2015 5/5/2016
Pump 3809 m 8,983 387 3mo 3,614 10/10/2015 5/10/2016
Pump 3810 12,487 2,858 3mo 6,706 9/23/2015 7/1/2016
Pump 5301 11,999 2,841 3mo 5,342 11/20/2015 8/1/2016
Pump 5302 m 7,828 279 3mo 2,181 11/11/2015 8/23/2016
Pump 8209 m 10,310 470 3mo 2,818 12/2/2015 9/1/2016
Pump 8210 11,499 2,886 3mo 5,354 10/2/2015 5/2/2016

| 61172016 11:59:33AM | 7112016 11:59:33 AM |

© Copyright 2016 OSlsoft, LLC 21




HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW PI DATALINK PI BUILDER

Fan5164 5

Fan Medium
Lifetime RunHours 13,354.58
Daily RunHours gs 24
RunHours Since Last Maintenance 7,627.95
zLast Maintenance 02-Oct-15
zNext Maintenance 02-May-16
Energy per Ton (Actual) 106.87
Energy per Ton (Expected) 108.52

Saved Energy (%) A 2%
Production Rate (last 3 months)

| All Motors Run Hours | Individual Analysis‘ ©) 2] ]

@ OSlsoft. © Copyright 2016 OSIsoft, LLC 22



Home Modeling Format

r = ces
Daily Run Hours Average by Asset (hours)  pscet Type Asset Size AL
Asset Size ®lLarge ®Medium ®Small Agitator ) O Large i % &
Agitator 1205 2324 Fan Medium 2
Agitator 1304 2276 PU mp Sma ” %
Agitator 1305 22.76 - - “

Fan 8144

Fump 8209 Energy Consumed by Asset (kWh)

Pump 3810 100%

Fan 5163 21.78

Fan 5164 21.33 Agiape el 14.079K
Agitator 1304 13,689K
Pump 8210 19.77 Agitator 1305 13,689K

Pump 5301

Pump,3809 Agitator 1204 12,190K
Agitator 1268 18.29
Pump 8210 8,020K
Pump 5302 17.32

il
| R

o
’
15}

G

o

S
Y

Select a Time Range

Pump 5301

Y o (W o e B s«
month R
Jan 2015 - Dec 2016 Fan 5163 - 3,207K
2015 2016 2016 Pump 5302 - 2 9[;3K
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar *
N A A | REA

12.5%

UPDATE AVAILABLE (CLICK TO DOWNLOAD)

© Copyright 2016 OSlsoft, LLC 23




© PI Coresight

< Back HBV_Pump 8209_2016-03-11 06:45:21

* 1172016 1:45:21 AM - 3/11/2016 1:45:30 AM Asset: ._\Assets\Rotating Asset]l Comments

Actions and Comments (1)
V1172016 1:45:21 AM s V1172016 1:45:30 AM NT SERVICEPINotificationsService
Tngger Attributes commented
Name End Value Units Trend Average Minimum Maximum Notification sent to 1 subscriber(s)

Pump 8209 Inboard Bearing V]

Exemplo 2 — Baseado em Condicoes

g NO Ltd © Lista NO Lt
| Pmel || Nosa|  NoDsal _NoDm]
3 mils 3 3 3 64

© Copyright 2016 OSlsoft, LLC 24




5 s
(HTML)

High Bearing Vibration for Pumg
Recycle Bin

CReply [Fl  E¥Message B2 Create an appoi... g @ g/~ [ Convert To (-] q
™ 3 S
Set

EaReply All &5+  [C] CRM Fields Create an appoi... Bl Add Connection )
& / € S e ¥ g2 = Track e Tags Editing Zoom
£ Forward [ ~ Ponto/Despesas... |+ CRM > s

i v 58 View in
5945-PISRV... Regarding - “9

Delete Respond Quick Steps CRM Zoom
7™ qua31/08/2016 00:54
pismtprelay@gmail.com
High Bearing Vibration for Pump 8210
To M Bruno Squassoni

@ This message was sent with High importance.

A high bearing vibration alert is issued for equipment Assets\Rotating Assets'Pump 8210!
Trigger time: 8/30/2016 8:53:51 PM Pacific Daylight Time (GMT-07:00:00)

Details:

Measurement Value Evaluation Time
Inboard Bearing Vibration X 3.15 mils 8/30/2016 8:53:51 PM Pacific Daylight Time (GMT-07:00:00)
Inboard Bearing Vibration Y 1.032747 mils || 8/30/2016 8:53:41 PM Pacific Daylight Time (GMT-07:00:00)
Qutboard Bearing Vibration X ||0.7519727 mils|| 8/30/2016 8:53:41 PM Pacific Daylight Time (GMT-07:00:00)
Qutboard Bearing Vibration Y ((0.7300798 mils|| 8/30/2016 8:33:41 PM Pacific Daylight Time (GMT-07:00:00)
Inboard Bearing Temperature 1474005 F || 8/30/2016 8:53:41 PM Pacific Daylight Time (GMT-07:00:00)
Qutboard Bearing Temperature 125.1464 F || 8/30/2016 8:53:41 PM Pacific Daylight Time (GMT-07:00:00)
RunHours Since Last Maint e|| 6342.921h |[8/30/2016 12:30:00 AM Pacific Daylight Time (GMT-07:00:00)

Click the following links to review this event

Locally from the internal network:

hitp://PISRV01:8080/Coresight/#/EventDetails?server=pisrv0 1 &eventid=90c0f339-453e-4375-0000-0000000040dc

From a personal device (like a tablet or a phone):

http://2475vlecs2. cloudapp net:8080/Coresight/#/ EventDetails?server=pisrv01&eventid=90c0f339-453e-4375-0000-0000000040dc

© Copyright 2016 OSlsoft, LLC 25




© PI Coresight
@  Assets
Bl E B i m

V| & Energy Management CBM
/] # PISRVO1

Attributes

OSlsoft.

<{Back HBV_Pump 8210_2016-08-30 20:53:51

8/30/2016 8:53:51 PM - 8/30/2016 8:54:11 PM

il LN VAl
8/3012016 8:53:51 PM

Pump £210|Asset Name

Pump 8210|Asset Size

Pump 8210jAsset Type

Pump 8210|Bearing Vibration High Limit
Pump 8210|Daily RunHours

Pump 8210|Energy per Ton (Actual)
Pump 8210|Energy per Ton {Expected)

@ NewDisplay | PISCHOOLstudent0l | @

Comments

Actions and Comments (2)
PISCHOOL\student01 attached Pump
Picture.png

l'. ‘Dflf;;.acsén nécesana

NT SERVICE\PINotificationsService commented

10 minutes ago

Notification sent to 1 subscriber(s)

813072016 8:54:11 PM

End Value Units
[ 3|
0.99201 mils

End Value Units Trend
[ PumpmM

Pumpl

3 mils

a n | |
253046 KWhit 253186 253.166 253,16
284024 K | 283825 | 283825 283825

© Copyright 2016 OSlsoft, LLC 26



© PI Coresight

.

@ Assets Display: Bearing Ovenview®  Asset: | Pump 8210 ¥ |

3 —-— = P um p 8 2 1 O Inboard Bearing Outboard Bearing
>
>

| & Energy Management CBM A x X

0.94938 mils 0.74758 mils

Y Y
1.03095 mils 0.72893 mils

M ™ PISRVO1

Attributes

I
1= ]
nboard Bearing Temperatuis IA Outboard Bearing Temperature

147.417 °F 125.14 °F

@ OSlsoft.

@ NewDisplay | PISCHOOLstudent0! | @

«AdHocDisplay  [I0 [ [ Save [v

Power (kW)

192

£191.5
=191
1905
190
1895

189

1885 e bt

PRI S

© Copyright 2016 OSlsoft, LLC 27



-—_

5 [®) PI Coresight

O PI Coresight

D Assets Display: Bearing Overview® Asset: LVPu

‘QBEQE"X

W/ & Energy Management CBM

™ PISRVO1

© Copyright 2016 OSlsoft, LLC 28



75 [®) Pl Coresight

O PI Coresight

@ Events Display: Besring Oveview* Asset | Pump 8210 ¥

%B@imx

Automatically refresh the list P u m p 82 1 0

HBV_Pump 8210
8/30/2016 8:53:51

HBV_Pump 8210

Event Details

Compare Similar Events

@ OSlsoft. © Copyright 2016 OSlsoft, LLC 20



Inboard Bearing itboard Bearing
Pump 8210 - 3

3.14981 mils 0.75219
Yy Y

1.0327 0.73005




' @ Pl Coresight

O PI Coresight

@ Events Display: Besring Overview* Asset | Pump 8210 ¥

"65*551196

[~] Automatically refresh the list P u m p 8 2 1 0 Inboard Bearing

HBV_Pump 8210_2016-08-30 20: 53 51

/302016 8:53:51 PM - 3302018 2 0 93386
HBV_Pump 8210_201 Apply Time Range ;

Event Details Y
ilar Events
1.03054

@ OSlsoft. © Copyright 2016 OSlsoft, LLC 31



© PI Coresight PISCHOOLstudent0! | @

Events Inboard Bearing Temperature (°F) X

@ HBV_Pump 8210_2016-08-30 20:... . i
83012016 8:53:51 PM - /3012018 §:54.11 EM a7 s

¢ HBV_Pump 8210_2016-08-3020:... ~
+147.305
+147.30
+147.385
114738

H47.375

Inboard Bearing Vibration X (mils)

34

3

HBV_Pump 8210_2016-08-30 20:53:51 HBV._Pump 8210_2016-08-30 20:40:05

[’= Asset Size: Large

[ Asset Type: Pump
[ Event Data Entry URL
% Event Duration: 0.33333 min

@ OSlsoft. © Copyright 2016 OSlsoft, LLC 32



Remaining useful ife for Engines 1, 2and 3

tactor(]

Exemplo 3 — Preditivo

pet ‘

© Copyright 2016 OSlsoft, LLC 33




Dados de Laboratorio do Pl System e Modelo AF de “Maquinas”

Q@ \\PISRVOT\Engines - P|
. File Search View Go Tools Help
b Dados para 100 maqulnas @Database % Query Date ~ (© @ aBacl-c + ] a‘f CheckIn *2 « [#]Refresh | (@ Mew Element =
Elements Elements
- 21 sensores B o lsesss
« 3 ajustes 1S Ergnecioo = e Jomsven
- @ Engne_l1 = | 9 Engne_1 {Engine Template
~ . g EnEn:::ii & Engine_10 Engine Template
+ O tempo de operagao entre falhas varia 8 sores 5| 5 erone 0 Engie Tempite
_ 3 EE::m ® | @ Engne_11 Engine Template
. e w , i_ e 1 = ||| 3 Enane_12 Engine Template
* Hora inicial € sempre 21/2/16 12am E 231; oo E——
* Anhora de falha ndo excede 21/2/16 7:00 am|| - 5ege> 2 ==
" g Ez::gt: Swmfne: 272072016 11:50 1 HE:”E End Time: [2/21/2016 7:00 am \|E|—HT|E
+ Estados de Operacéo | -
«  “Running’, “Failed”, “Stopped” oo
s I
— A Enaine 3
- hum.ﬂ\dd Attributes... | [ Add P points... | | Tra::iuzﬁw:zt:m

*A. Saxena, K. Goebel, D. Simon, and N. Eklund, “Damage Propagation Modeling for Aircraft Engine Run-to-Failure Simulation”, in the Proceedings of the Ist International Conference
on Prognostics and Health Management (PHMO08), Denver CO, Oct 2008.

© Copyright 2016 OSlsoft, LLC 34




Pl Integrator for Business Analytics — Modificando a Vista

* Criar uma view dos
Eventos (Pl Event View) e
publicar como arquivo texto

 Datos Selecionados
e Event Frames

Edit Value Mode

O summarized Values

 Asset Element © sampied Values
« Attributes ® Sgﬂl:lz;a;:; eovervE
O Exact @
*  “Modify View” O use key Cotumn ]
« Amostras de um minuto

Save Changes

Publicar “Publish”

» Criar Arquivos texto
(Create text file)

@ OSlsoft. © Copyright 2016 OSlsoft, LLC 35



Resumo do R Script — Revisdo dos dados de Maquinas

id cycle s1 <18 511 512 s13 s14 515 s16 s17 s18 s19 52 520 521 53 s4 s5
Engine_39 ) 518.67 - 642.72 38.9  23.2947 1592.37 1410
Engina 20 1 ci0 27 - = 642.61 38,82 23.4604 1586.25 1407.99
Eng: ‘ ) 642.26 38,73  23.2669 1586.25 1407.48
engl| Sapply(e, sd) #sdev for each variable 642.46 38.82 23,3789 1587.9 1405.23
Eng. 1 642.31 38.73 23.3338 1587.08 1408.78
Eng: 642.6 38.98 23.3029 1592.86 1405.05
Eng . 642.65 38.91 23.2378 1596.39 1406.06
eng | id cycle 51 s10 511 08 643.4 38.8  23.3534 1592.81 1403.31
Eng| 44 2.922763e+01 6.888099e+01|0.000000e+00}0.000000+00)2.670874e-01 642.13 38.84  23.2386 1592.98 1406.26
Eng: b 642.43 38,97  23.2466 1590.41 1402.45
eng | T 512 513 514 s15 516 I 642.76 38.87 23.3439 1588.85 1409.87
ENg 44 7.375534e-01 7.191892e-02 1.907618e+01 3.750504e-02|0.000000e+00 642.53 38.73  23.29  1585.95 1415.5
Eng. 23.1604 1585.78 1402.
Eng. ## 517 518 519 52 520 22 427 aca? 1412

| Engine failu
E"§~ ## 1.548763e+00|0.000000e+00]0.000000e+00J5.000533e-01 1.807464e-01 e
ng. *
eng | F# s21 s3 s4 35 36
E:g ## 1.082509e-01 ©.131150e+00 9.000605e+0000.000000e+00)1.3868985e-03 .
Eng; ## s7 S8 39 settingl setting2 .
E:: ## 8.850923e-01 7.098548e-02 2.208288e+01 2.187313e-03 2.930621e-04 . .‘ )
eng  H# setting3 B N 1 E
ENE ' #410.000000e+00 - SRR ..o
Eng: 200 . PO ) * . ‘e B =
ENngl.= - o S G %Y o © e
Engine_39 26 518. s9 = (] O o 5
Engine_39 27 518.67 tina1 oA R < o2
Engine 39 28 s1g.67  Scwing . .
Engine_39 29 518.67  setting2 5 3 % s 1
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Resumo do R Script — Vida Util Remanescente (Remaining Useful Life)

Remaining Useful Life (RUL) = (Event Frame Duration — Cycle) + 1
(Example, for engine (id) 1: 191- 1-1)

id “] cycle 511 512 513 s14 515 517 52 520 521 53 54 sh 7 58 59 settingl setting2 rul
1 1 4747 521.7 2388 8139 85419 392 D418 39.00 2342 1590 1401 21.81 5544 2388 9040 -0.0007 -0.0004 191
1 2| 4749 5223 2388 8131 8.432 392 | 0421 39.00 2342 1592 1403 21.61 5538 2388 09044 00019 -0.0003 180
1 3| 47.27 5224 2388 8133 5418 390 G424 38.9% 2334 1538 1404 21.81 5543 2388 9053 -0.0043 0.0003 159
1 414713 5229 2388 8134 8.368 392 | 0424 38.88 2337 1583 1402 21.61 5545 2388 9040 Q.ooo7 Q.o0o0 183
1 5)47.28 5222 2388 8134 5429 393 £424 3800 2340 1583 1406 21.61 5540 2388 0055 -0.0019 -0.0002 187
1 04716 521.7 2388 8133 8411 391 | D421 3898 23.37 1584 1398 21.61 5547 2388 9050 -0.0043 -0.00017 180
1 7|47.30 5223 2388 8132 8.397 392 0425 38.10 2338 1592 1398 21.81 5543 2388 9059 Qo010 .ooom 185
1 5 |47.24 5225 2385 8131 8.408 391 | G426 38.97 23.31 1583 1401  21.61 553.9 2388 904 -0.0034 0.0003 154
1 o )47.20 521.8 2388 8126 8373 392 G421 39.0% 2341 1591 1385 21.81 5537 2388 9046 0.0003 Q.ooom 183
1 10 §47.03 521.8 2388 8120 8420 393 | 641.7 3805 2347 1591 1400 2161 5536 2388 0052 -0.0033 0.ooom 182
1 11 4715 521.4 2388 8141 5434 392 0423 38.94 2348 1582 1401 21.81 5545 2388 9050 0.oo01sE -0.0003 181
1 12 |47.18 521.8 2388 8134 8.394 391 | 0421 39.00 23.37 1583 1400 21.61 5545 2388 9049 00014 Q.oooz 180
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Resumo do R Script— Componentes Principais

Extract principal components

e.odd.pca = prcomp(e.odd.obs, scale = T, center = T) #fit principal components (PC), use only odd engine data

3u

#i
##
##
##
##
#4
#i
##
##
#
#i
#i
##

# get pcl equation
pcleg = "" L
for (j in 1:17) {
pcleq = cat(sep =
e.odd.pcaScenter([j], ")", ")/", e.odd.pcasscale[]j], "*", e.odd.pcasrotation|j,
17)

m myn myn n_(u
r r r

, pcleqg, "+(", names (e.odd.pcas$center[j]),

#4 +('511'—(47.51488))/0.2701003%0.3090913+ ('s12'—(521.4901))/0.7517117#-0.3049236+('s13"—(2388.09)) /0.07484883*
0.2845465+('s14'—(8143.502))/19.7965%0.04163657+ ('s15'—(8.438634))/0.03782789%0.,2868222+ ('s17'-(393.0714))/1.5619
64%0.2685557+ ("a2"— (642.638)) /0.5043607%0.2734667+ ('s20"—(38.83337))/0.1812555%-0.2819219+ ('s21'—(23.29963))/0.10
838724-0.2834525+('53'—(1590.048)) /6.186916%0.2604444+ ("s4"'—(1408.104))/9.077463%0.3006121+("s6'—(21.60976))/0.00
1539259+0. 06360376+ ('s7'—(553.4522)) /0.8983562%-0.2995252+ ('s8'— (23858.091)) /0.07388822%0.2847322+4("'=s9"'- (9064 .65
1))/22.72082*%0.08204075+ ('settingl'-(-3.554925e-05))/0.002184843*0.003580013+('setting2'-(5.022518e-06))/0.000293
1995+0.,003136759
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Implemententacao no AF Analytics

Copiar o modelo de R no
campo de calculo do motor
(Engine analysis template).

Usar AF Analytics para
replicar o calculo em todas
as 100 maquinas.

Recalcular os dados
historicos, criar tendéncia
de atributos de Status e
Status Previsto (Predicted
Status) para verificar se o

tempo de alerta é suficiente.

MName  Expression Value Output Attribute
zpcl  |+('s11'-(47.51488))/0.2701603%6. 3090013 +( s12" - (521.4901))/0.7517117% 0. 3640236+ ( '513'—(2388.99[‘ ‘pﬂ ‘@i
+('511'-(47.51488))/€.27681083%@. 3090913+ ( '512° —(521|.4981) )/8.7517117*%-6.3849236+( 's13" - ~
(2388.09))/0.07484833%0. 2845465+ ( 's14"-(8143.502) )/19.7965%0.084163657+( 's15"-(8.438634))/0.03782739%0. 2868222 EI
+('517"'-(393.0714) ) /1.561964%0. 2685557+( 's2"-(642.638))/0.5043607%0. 2734667+ ( '520" -
(38.83337))/0.1812555%-8.2810219+( 's21'-(23.209963))/0.1083872%-0.2834525+( 's3"-(1500.848) )/6.1860916*%6 . 2604444 P
Sffeal faAne a0aNM\ 0 ATTACIEN _DANCANA.f'cc’ f04_£ANTENY LA AN CI0ACAKA NE2EAITE. £ o7t =
| m |
zpcd  |+( settingl’-(-@.800@3555))/0.802185%0. 00467+( setting? ' - (@.000005023))/0. 008293270, PASA9S+(s2 ' - pc2 ®
pema3  [(zpcl + PrewVal('pcl',"*")+PrewWal('pcl’,PrevEvent('pcl’, " *')))/3 pemad ®
if pcma3»6.5 B
Failure|then "Will Fail" Predicted Status ®
else "Ok" v

@ Trend == -
Start Tme: [2/20/2016 11:59 FM =]+ | EndTime: [2/21/2016 7:00 am =] |4=-H =0|
® Engine_29|Predicted Status O Engine_29|Status
will Fail
1 3
0.9
0.8
D7
.6
.5
4
3
02
0.1
g o
2/20/2016 11:59:00 PM 7.02 hours 2/21/2016 7:00:00 AM

Add Attributes... | [ AddPIPoints... | [ Traces.. | [ dlose
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