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Summary

Usage-based, Condition-based and Predictive Maintenance — A layered approach
Gopal GopalKrishnan, P.E., Solutions Architect, OSlsoft, LLC.

Attend this session to learn about a layered approach to maintenance as we walk through scenarios to illustrate the combined
use of process data and machine condition data for usage-based, condition-based and predictive maintenance. Data sources
include traditional plant instrumentation such as PLCs and SCADA, the newer IoT devices, and from machine condition
monitoring sources such as vibration, oil analysis etc.

Usage-based maintenance includes using operational metrics such as motor run-hours, compressor start/stops, grinder
tonnage etc. And, condition-based maintenance utilizes measurements such as filter deltaP, bearing temperature, valve stroke
travel, and others. Predictive maintenance can be using simple analytics such as monitoring vibration (rms, peak etc.) to
predict RUL (remaining useful life) or heat-exchanger fouling to schedule cleaning etc. And, the talk will also reference and
discuss predictive maintenance use cases that require advanced analytics such as APR (advanced pattern recognition),
anomaly detection, and others.

While the talk is vendor neutral, it will include references to the OSlsoft Pl System functions/capabilities from end user
testimonials.
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TakeawayS - Iayered analytics - usage-based, condition-based and predictive maintenance

= |Combined machine condition & process data

= machine - vibration, thermography, oil analysis, ....
= process - pressure, flow, voltage, amperage...

= |Layered Analytics

= Usage assessment - counter
= fan run-hours, pulverizer tonnage, motor starts/stops, ...

Condition assessment - machine and/or process

order of magnitude number of models (actual)

~1000s (2000) @@

* low motor efficiency, high vibration, high filter DP, fouled heat-exchanger... ~10000s (30000) @

Predictive - Simple - extrapolate trend to predict remaining useful life (RUL) ~1000s (3000) @

» rate of change, piecewise linear, logarithmic, curve-fit, steam-tables, table look-up...

Predictive - Advanced — machine learning, APR etc. — anomaly, early failure... ~100s (300) < R/Python/Other_|

Asset Health Score - weighted sum of scores of many condition indicators  ~100s (300) @

= distribution transformer - LTC (load tap changer) count, DGA (dissolved gas), nitrogen pressure, ...

(@ osl
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Process data vis-a-vis Machine condition data

u Process data - continuous online measurements

= Data source - Control, Safety, Environmental, Process monitoring, Trips/Interlocks
= SCADA, PLCs, other instrumentation, lloT ...

= Process measurements - Pressure, temperature, flowrate, level, amperage, voltage
= Equipment states - Open/Close, Running/Stopped,...

= Operator rounds

= Machine condition data - may not be on-line and may not be continuous

=  Vibration

= Infrared (thermography)

= Acoustic (ultrasound)

= Oil sampling - motor oil, transformer oil...

= Motor current analysis

= Strain-gauge (coke drums in a refinery)

= Machinery inspection, surveillance, operator rounds, ...
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Layers of Analytics - Maintenance & Reliability

Effectiveness
A
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Terms & Definitions

PM/CM

APR  Predictive

RCM CBM PF

Condition Monitoring




Combined process and machine_condition data
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AMEREN Process data + Vibration data

AL
“ZAmeren

oslt .—

Pl System

(« ))
t E @ ) /‘

Process Data —

Wireless
vibration
sensor

INTERNET
CUSTOMER NETWORK
iiiiiiiii 2 X
[ -
SMARi 1
iagn ] -

https://www.osisoft.com/Presentations/Journey-to-a-new-paradigm-in-utility-condition-based-maintenance--Amerenx/
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PETRONAS - Rotating Equipment Analytics

System Solution Architecture
Ll PETRONAS
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PETRONAS © 2017 Petroliam Nasional Berhad (PETRONAS)

https://www.osisoft.com/Presentations/PROTEAN---Rotating-Equipment-Analytics-in-Pl-AF-at-Petronas/
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PETRONAS - Rotating Equipment Analytics

Initial Problem Statement

Over 130 pieces of gas turbine driven equipment PETRONAS

Numerous manufacturers
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https://www.osisoft.com/Presentations/PROTEAN---Rotating-Equipment-Analytics-in-Pl-AF-at-Petronas/
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Video — User examples

https://www.youtube.com/watch?v=yo_BAf4YBKA
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Analytics - Run-hours - Usage-based maintenance

(‘ OSl-ofi.

Report - Critical Motors - Run Hours

Last Update: 3-12-2016

Equipment Daily Run Howrs  Lifetime Run Hours  During Last Period Pariod Since Last Service Last Service Mext Service
agitator 1204 [N 7,975 0 3mo 387 110/2016  11/10/2016
Agitator 1205 23.79 10,119 2,154 3mo 409 2/23/2016  10/3/2016
Agitator 1304 9,908 2,118 3mo 697 211112016 12/13/2016

‘ Agitator 1305 9,908 2,118 3mo 697 2112016  12/1/2016
‘ Fan 5163 8,554 1,174 3mo 2,664 10/1/2015  5/1/2016

Fan 5164 9,292 2,022 3mo 3,566 10122015  5/2/2016

Fan 8144 _ 9,839 2,112 3mo 3,635 10052015  5/5/2016
Pump 3809 15.18 8,587 1,949 3mo 3,218 10102015 51012016
Pump 3810 9,618 2,079 3mo 3,837 91232015  7/1/2016

https://www.osisoft.com/presentations/introduction-to-asset-monitoring-and-condition-based-maintenance-with-the-pi-system-3x/
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Analytics — condition based - air heater fouling

PlotD BASIN ELECTRIC
POWER COOPERATIVE

A Touchstone Energy® Cooperative ‘I%i

Air heater tube plugging at a coal

power plant over 450 days

11172005 12 0000 AM 449 55 days 52008 20533869 PM

© Copyright 2020 OSilsoft, LLC


https://www.osisoft.com/presentations/using-pi-to-back-test-usage-and-condition-based-maintenance-strategies-to-predict-quantifiable-benefits-prior-to-deployment-in-asset-management/

Analytics — Simple Predictive — RUL (remaining useful life)

1

Forecasted critical alarm date 7/5/2018 8:24:25.795 AM
20 See PI World 2020 Time to critical alarm 2528
200
o
]
%
il”
; Name Expression Output Attribute
i | Natlos if 'OverallBearingFault'>@ then Log('OverallBearingFault') else NoOutput() OverallBearingFau't|Natural Log
Timel2back TEa12w' Map
% LinearRegr if EnableFit then LinRegr('OverallBearingFault|Natural Log', Timel2back, '*',5@) I[Map
Fit if BadVal(LinearRegr) Then NoOutput() Else LinearRegr Map
0 I
7160m if EnableFit AND Not(BadVal(LinearRegr)) then Convert(Fit[1]*24*3600, "gE/day") e!|QversiBearingFault/m
b if EnableFit AND Not(Badval(LinearRegr)) then Convert(Fit[2], "gE") else NoOutput |OverallBearingFault/b
rsquared if EnableFit AND Not(Badval(LinearRegr)) then Convert(Fit[3],"ratio") else NoOutpi|OverallBearingFault|r squared
LifeExpectancy if EnableFit AND Not(BadVal(LinearRegr)) and m>@ and rsquared>.408 then Convert(( |BearinglifeExpectancy
ForecastedFailDate if EnableFit AND Not(BadVal(LinearRegr)) and m>@ and rsquared>.408 then TimeStamp |BearingForecastedFailureDate
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Analytics - advanced predictive - fault detection VicTDA

ECG Predict-IT APR - Advanced Pattern Recognition ENERGY
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Action Taken Plant notification and subsequent investigation

Corrective Action Hydrogen Cooler leak repaired

Consequence Avoided Internal inspection and repair

http://www.ecg-inc.com/products/predictit#video https://www.osisoft.com/Presentations/Vistra-Energy--Cloud-Transformation-in-a-Nationwide-Power-Producer/
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Public Service Electric & Gas (PSE&G) — Distribution Transformers

Distribution SCADA

Electrical test results

Breaker Tests

Delta-X
Gas & Oil analysis

SAP-PM
Su:sltrtai:: TL::egcgt?cr)ns Hydran OomMsS GIS SAE-meliniunce e
equipment & locations
Gas Results POR and PPC Ratings, Solar & e

Circuit Lengths

https://www.osisoft.com/Presentations/Condition-Based-Maintenance/
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Watchlist with health score
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Details Division Floc Floc Descr 7331\7 Central SDN DEANS X 500-1 Transformer 000000000010505424 Load Tap Changer & (LRS700) E-LTC 1971 DS96884 GEMERAL ELECTRIC LRS700
o CE IPE-CE-SDN -1TRX  500-1 Transformer Content Editor Web Part ~ Deltax Total Combustible Gas -
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= CE IPE-CE-DAY -UNIT 2 Unit Substation - 002 B A LTS Mew Action Algorithm Rules = LTS 07/27/z009 199 39 37 7 4 14 300
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LTC THRU MEUTRAL 0 o in 0
o= CE IPE-CE-5LI -41HL H-2234 G= LTC 07/27/2009 60 23
o= CE IPE-CE-SDN -2TRX  500-2 Transformer CA Score > o= LTC 06/11/2008 55 13
= S0 IPE-SO-LAW -T2 # 2 Transformer Seore maxSoore Ranking( %) Peer Group bl LTC 03/13/2009 49 15
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Vibration (extracted features) data

g (acceleration) in/sec”2

g (acceleration) in/sec”2

acC

0.06 Central Plant
cP
- Chiled Water Pump P-1
i [ Motor_Inboard_MIH
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- (@ Chilled Water Pump P-2
- (@ Secondary Chiled Water Pump P-4
- (@ Secondary Chiled Water Pump P-5
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Q(eo\ (l\‘(\)((\
(2
<0
0
0 S |
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Meotor_Inboard_MIV

Child Elements | Attributes |ports | Analyses | Version

[ Ftomr

I_'_-'JI Category: Vibration data

¢« Asynchronous

¢ CrestFactor

&7 Derived Peak

&7 High Frequency

7 Peak-Peak

& RMsS

&7 Single Integrated_1x Magnitude
&7 Single Integrated_2x Magnitude
&7 Single Integrated_Derived Peak
&7 Single Integrated True Peak
(}" Synchronous

&7 True Peak
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0.3679557 g (vib)

3.040749 g/g (vib)

0.5442402 g (vib)
0. 1448086 g (vib)
2.268219 g (vib)
0.384836 g (vib)
0.03433325 ips
0.007174384 ips
0.0651958 ips
0.1517071ips
0.09153856 g (vib)

1.170189 g (vib)
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Thermography - Infrared

On-prem/Cloud

Fluke
Connect

Pl System | Notification Rules | Version |
'II Pl Connector for UFL

Ad hoc Wi-Fi

2t 3@ L Name 4 Value Time Stamp

B = Category: datasource
| _ Device [AR-C10 1/1/1970 12:00:00 AM

. Equipment Pumpl 1/1/1970 12:00:00 AM
_=| Category: Infrared
&% Temperature 84.35568 deg F | 3/19/2017 7:33:03 PM

&% Ultrasound 20 dB 3/19/2017 7:34:51 PM
B =l Category: Vibration
(’_?J 1X 0.085273 ips | 3/19/2017 7:32:46 PM
(’_?J 2X 0.017923 ips | 3/19/2017 7:32:46 PM
(’_?J rpm 800 3/19/2017 7:33:03 PM
« «* TRUE_PEAK 0.177541ips  3/19/2017 7:32:46 PM
« & V_IPS_PEAK 0.229913ips  3/19/2017 7:32:46 PM -
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Electric Motor Current Analysis

| Chilled Water Pump P-1  [|| |# # ™ ¥ Name vae = time
| Chilled Water Pump P-2 ;
= )
_ & MCSAB3 B (=) Category: Calculations
| Secondary Chilled Water Pum E} <7 Pump Motor Current (mean)  |3.507992 /
| Secondary Chilled Water Pum
AA Weather Feeds B (=) Category: Configuration
: Searches
= =1 AF Element Name MCSA P-2
L] =1 Prefix National In
Bl |2 Category: Live Data
g 1 &7 Current Phase A_Phasor_ Ph... -49.78628 ~ Y9I/
s = & Rotor Bar Sideband -50.6476 d
s @ &7 Current Phase B_Phasor_ Ph... -168.3791
s B &7 Startup Time 0.3s
s B &7 Power Factor 0.6434668
m ' > s B «7 Effective Service Factor 0.8376105
; |
ts s B &7 Derating Factor 0.9986283
aines = & Unbalance 1.371773% 9727,
Weasiire /B ¢ Torque Ripple 5735289 % 927,

[
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Fluke Connect Modules:

Pl UFL
Connector
hitp Listener

FLUKE CONNECT" WIRELESS TEST TOOLS FLUKE CONDITION MONITORING

FLUKE CLOUD™ VOLTAGE SENSOR

CURRENT SENSOR
TEMPERATURE SENSOR

https://www.myflukestore.com/content/fluke _connect

Pl System
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Portland Gas & Electric - turbine startup - trend overlays

Beaver Bearing Cold Start Comparison

COMP BRG 1X Amp 1 (mil) X

/\
Loz " Portland General
Los \/ Electric

0.5

L
im

* COMP BRG 1X Amp 2 (mil) X

Drill down to detailed vibration
diagnostics display
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Vibration — time waveform and spectral di
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SunPower O&M integration...

« AF templates, Notification templates

— AF/AN SDK were important tools to automate
configuration process

» Semi-automating configuration tasks
greatly reduced workload on end users
and insured less errors

SUNPOWER

https://www.osisoft.com/presentations/af-implementation-in-enterprise-asset-management/
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TakeawayS - Iayered analytics - usage-based, condition-based and predictive maintenance

Combined machine condition & process data

= vibration, thermography, oil analysis, ....
= pressure, flow, voltage, amperage...

= fan run-hours, pulverizer tonnage, motor starts/stops, ...

= Condition assessment - machine and/or process

= |ow motor efficiency, high vibration, high filter DP, fouled heat-exchanger ’ C
= Predictive - Simple - extrapolate a trend to predict remaining useful life (RUL) @(

Layered Analytics @ i_
= Usage assessment - run-hours .

@___

|
= Predictive - jAdvanced — machine learning, APR etc.|— anomaly detection, early failure warning...

= Asset Health Score - combined and weighted scores of many condition indicators @<

= distribution transformer - LTC (load tap changer) count, DGA (dissolved gas), nitrogen pressure, ...

\

osl
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Layers of Analytics - Maintenance & Reliability

Effectiveness
A

Break-fix

No Analytics

Predictive
Simple
Advanced (Machine
Learning)
Condition-based

Continuous
Automated Readings

i Instrumented  Automated Analysis P red i Ctive

Operator Rounds Au’;'o:‘ataelt‘!\::;‘x:;:gs
Manual Readings s \

Manual Analysis : o .
Preventative Simple Analytics

Calendar-based

Runtime-based Machine Learning Analytics

Reactive

“Break-Fix”
Run-to-failure

> Efficiency

Condition based PMs

R, Python, APR etc.
Usage based PMs : o s
Continuous Monitoring

and Analytics

Runhours Analytics
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Customer deployments

Portland General Electric - power generation Experience-using-the-PI-System-for-Full-Featured-Vibration-Monitoring
NTPC — power generation Pl System - a Journey

NTPC - power generation Deviation Settlement Mechanism (DSM) - Availability Based Tariff (ABT) application

Ultratech — Power and Cement -Health Monitoring of Power Plants: Pan India

Ameren - nuclear power generation A-new-paradigm-in-utility-condition-based-maintenance

Vistra Energy (Luminant) - power Cloud-Transformation-in-a-Nationwide-Power-Producer

Barrick Gold - metals & mining Mine-Haul-Truck-Health-Monitoring-System

EQT - natural gas pipeline Reliability-Centered-Maintenance-Program

King County - waste water treatment Pi-as-a-Maintenance-Tool

PSE&G - electricity distribution - transformers Condition-Based-Maintenance-Case-Study

PSE&G - electricity distribution - circuits Extending-Condition-Based-Maintenance-Program-to-Underground-Networks/
Petronas - oil & gas PROTEAN---Rotating-Equipment-Analytics-in-PI-AF

Silicon Valley Power - power generation Optimizing-Predictive-Maintenance-by-Integrating-Vibration-Data-and-Process-Data
SNCEF - railways Using-Operational-Data-for-the-Future-Maintenance-of-the-French-Rail-Infrastructure

Alyeska Pipeline - oil & gas Achieving-Reliability-Centered-Maintenance-and-Diagnostics-with-the-PI-System

ADNOC - oil & gas Improving-Equipment-Reliability-and-Availability-through-Real-time-Data

Las Vegas Valley Water District - water treatment Evaluating-Efficiency-and-Predicting-Maintenance-with-Existing-Data-Using-PI-AF-and-Asset-Analytics
Chevron — oil exploration Condition-Based-Maintenance-and-Smart-Monitoring-in-Frade-FPSO-with-the-PI-System
Vattenfall — hydro power Deploying-a-Condition-Based-Maintenance-Strategy-in-the-Hydro-Power-Business
PowerStream - electricity distribution Equipment-Failure-is-Not-an-Option

GenOn Energy - power Proactive-Maintenance-Data-Gateway-Built-on-the-OS|soft-Pl-System-Infrastructure

Uniper - power How-OSlsoft-Pl-supports-Unipers-Maintenance-Strategy-Planning

ESB - power Using-the-PI-System-in-Power-Generation-Operation-and-Maintenance-to-Optimise-Commercial—Environment
MOL — oil refinery Supporting-Operational-Availability-by-Connecting-the-PI-System-and-SAP-PM

OSiIsoft Introduction-to-Asset-Monitoring-and-Condition-based-Maintenance-with-the-P1-System

OSIsoft Getting-started-with-iiot-sensors (may need to register — free)

OSIlsoft PI System components in CBM — How to

OSlsoft What is the PI System for a Maintenance Engineer?
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Next Steps:

>Your Digital Transformation use case |
>P| Workshop ‘:::
>https://learning.osisoft.com "
>hitps://pisquare.osisoft.com/ (Community and Developer) Ii
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