[ U

Pane

Inter

Ma



Panelists

Gary Foster Martin Davis GOPAL
Sr. Manager Digitalization Gopalkrlshnan
Partnership Development CIO Solutions Architect

(SKF) (DUNELM) (OSlsoft)






st gt s
e e s 40

-
——
—_—0 e
e =i e aror g
——— == S
e

L

Remote Equipment Performance Center, Birmingham, AL

» Since 1907 SKF delivers Reliable Rotation  |loT / Digitalization enables Rotation for Life
— globally, via billions of bearings in
~virtually every industry segment

« extend bearing life

eliminate unplanned mechanical downtime
or 30+ years SKF partnerships pioneer Rotating Equipment Performance skills
ibration based Condition Monitoring Integrated data driven Operations &
nology and work processes to improve Maintenance information & planning

t reliability Asset Performance Optimization

#PIWorld ©2019 OSlsoft,4LC



SKF Reliability Services

. Vibration Analysis * Bearing Failure
Analysis

« Balancin . .
J  Bearing Selection

* Lubricant Analysis Sealing Selection

* Motor Current » Lubrication
Analysis Specifications
« ODS

* Oil Analysis

« Thermography
ODS - Operational Deflection Shape

« NDT NDT - Non-Destructive Testing




Rotation For Life (RFL)

* Objective: RFL is a Rotating Equipment
Performance program with focus on profitability.

 Bringing together SKF knowledge, technology
and machine data with customer’s business
processes, applications and practices.

* Increasing equipment operational and asset
management excellence to help customers
reduce cost and grow profits

 RFL = Subscription based
monthly fee

* optimize bearing performance
and asset reliability

Sealing

Maintenance
procedures

Bearings
and units

Environ-
mental

Advanced bearing Technology
and sealing solutions upgrades
~ *\ Machine health
Reliability
services
Quiality
Safety

Power transmission

Lubrication

Bearing remanufacturing and
customizations



The P-F Curve for a Bearing
=

Remanufacturing
still an option

/

Too late for
remanufacturing

Perforiinance
Point of Defect

More time to react based upon estimated
remaining useful life of bearing:
« To be prepared to fix

T RCFA still
» To minimize collateral damage :
possible
* To be able to remanufacture and reuse
 To be able to perform RCA RCEA

difficult

b

We may not prevent equipment from degrading toward failure, but we can prevent business
consequences by intervening at appropriate time Time



Rotation for Life for Conveyor system
Sealed spherical roller bearings (SSRB)

Benefits

» 3+ times improvement in MTBF

» Maintenance cost reduction

= Significant environmental impact
reduction, 60+% less lubrication

On-line conveyor health monitoring

Distributed automated lubrication system |}

Real time automated collection and
analysis, No data collection staff
required

SMS, email, control room alarms
Full history and trending
Seamless link to corporate
data systems \

Correct lube, correct volume, correct place  —#1

No people overhead
Environmental impact
Alarm system integration
L LL‘ e
LY O !.
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Aligning asset maintenance with operations — failure
modes, usage-based, condition-based and predictive

(pattern recognition) maintenance

OSlsoft

Gopal GopalKrishnan, P.E., Solutions Architect
Keith Pierce, Principal Technical Advisor
Bryan Pope, Systems Engineer

ECG, Inc.
Mike Santucci

Allied Reliability
Preston Johnson,
Platform Lead, Intelligent Monitoring



Lab Description

Increasing equipment uptime means preventing failures before they happen; and in turn this requires
you to have a list of likely failures and the appropriate condition monitoring for the process or
equipment/component. Attend this lab to learn about failure modes, and corresponding monitoring
techniques to prevent failures. The lab will also cover the use of operations data for a layered approach
to uptime and reliability via usage based, condition-based and predictive (pattern recognition based)
maintenance.

Usage-based maintenance includes using operational metrics such as motor run-hours, compressor
starts/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
simple predictive such as monitoring vibration (rms, peak etc.) to predict RUL (remaining useful life) or
heat-exchanger fouling to schedule cleaning. Advanced predictive maintenance use cases include
pattern recognition or other machine learning techniques for detecting anomalies/predicting failures.

Who should attend? Power User and Intermediate
Duration: 3 hours



Analytics for Maintenance & Reliabllity

Effectiveness

A

Predictive
Simple
Advanced (machine learning, APR,...)

Condition-based

Continuous
Automated Readings

Instrumented  Aytomated Analysis

Automated Readings

Operator R 2
2ratorBounds Manual Analysis

Manual Readings
Manual Analysis

Preventative Predictive maintenance

Calendar-based
Runtime-based

Reactive

“Break-Fix”
Run-to-failure

> Efficiency
Condition based
maintenance

Usage based maintenance



Topics

CBM - a strategy where the asset condition is factored into maintenance decisions

Failure modes and sensor coverage (Demo)

Ex. 1: Usage based Preventive Maintenance

Ex. 2: Condition Monitoring, Condition based Maintenance

Ex. 3: Predictive Maintenance
= 3a- Basic— Univariate - extrapolate the trend

= 3b - Advanced — Multivariate - machine learning, APR, statistical etc.
= Coal pulverizer — early fault detection for bearing failure using APR - Advanced Pattern Recognition

TechCon 2016
TechCon 2017

Pl World 2019

= Ex. 4: Overall Health Score
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Timing
" 15 min - Overview and Lab objectives
" 15 min - Failure modes and sensor coverage — Allied demo
" 30 min- Ex 1 - Usage based
= 30 min - Ex 2 - Condition based
= 20 min - Ex 3a - Predictive - simple

= 40 min - Ex 3b - Predictive - advanced - Pulverizer (pattern recognition)
= Overview/Demo
= Build, Train, Validate and Deploy

= 10 min - Ex 4 - Overall health score
" 10min- Q&A, Wrap
= 10 min - Buffer



CBM Guidebook

Pl Square @ OSl-of'.

The OSlsoft Community . ) )
OSlsoft Home - Worldwide Locations - Tech Support - Learning

Home News Spaces - People Ideas Content

All Places = All Things PI - Ask, Discuss, Connect = Documents

@ Following
CBM Guidebook version 2 & Version 1 o Share
Created by Keith Pierce @ on Mar 16, 2018 9:29 PM. Last modified by Keith Pierce @ on Mar 16, 2018 9:29 PM. [l Bookmark B
We've updated the popular CBM Guidebook, first issued in 2015. This version has some updated definitions and more (and updated) references, including references by industry. Please take a look ) Like =
and feel free to provide your feedback and comments.
ﬁ CBM eBook_v2.pdf ACTIONS
3.0 MB Preview |2; Edit

€ Manage versions

319 Views Categories: White Papers Tags (edit): white_paper 2] Move

Cry Create a Copy

€ Delete
Average User Rating Your Rating:
ynininink 0 . 2.8.0 8 ¢ View as PDF
(2 ratings)

@ Add to featured content

@ Feature on your profile
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Process data vis-a-vis CM (Condition Monitoring) data

" Process data (continuous online measurements)
" Pressure, temperature, flowrate, level, amperage, voltage
= Equipment states such as open/close, running/stopped
= SCADA, PLCs, other instrumentation, lloT ...
= Control, safety, environmental, process monitoring

= CM 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)



Pl System — full stack — data flow

BT Microsoft

 PlSystem Access === Line of
» 5= Business Systems

. B
=
=

~ Pl Cloud Services
Y = Pl Cloud Connect

Asset Analytics .
-~ @ esri ArcGIS
Pl Interfaces @ Pl Integrators _
& Pl Asset Framework E =
Pl Connectors w SAP HANA N

I
|

1() Business Analytics
AL

PI Visualization Suite
= .PI Coresight

[] Pi DataLink

:’,I Pl Manual Logger
Pl ProcessBook
— Pl WebParts

BT Microsoft

Pl Data
Archive

| BONEESH|

1

Pl Server



Overall Pl System data Flow

" Collect the data

" Define context for the data — Equipment, Process...

= Calculations/Analytics - layers of analytics - simple/advanced
" Visualize

= Share, Notify, Take action

" Business integration with other tools (SAP, Maximo, Infor, Oracle...)
» Update counters/measurement points/operating factors
" Trigger work order



Failure modes and sensor coverage — Allied demo

ﬁ:
QY arm

AAA
I\ wibration
vy

@' Temperature

(/Z/} Voltage

;=3
ey

=
r\u:_; Current

Z

/fo} Ultrasound
O/_I‘_\B Oil Analysis

0
&) Flow
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Select Component:

() Pump: Centrifugal 1

Pump: Centrifugal 1

£ Bearing-Rolling Element
) BoitsiFasteners-Mechanical
-ﬁ Housing-Bearing

% Housing-Generic

@~ Housing-Volute

"iff-;;‘ Impeller-Ferromagnetic
@ Level Indicator (Sight Glass)
«= Lubrication-Grease

== Lubrication-Oil

) seal-GasketiGasket Sealant
) seal-Mechanical

~-@ Shafl, Key

~& Shaft-Ferromagnetic

=2 Abrasive Wear - Contamination

<7 Adhesive Wear - Improper Lubrication
"4 Comosion - Contamination
m Damage - Improper Installation
1 Fatigue - Age (Useful Life)

Fatigue - Imbalance

§* Fatigue - Misalignment

1 Looseness - Improper Installation
69 Misalignment- Improper Installation

== Abrasive Wear - Contamination
7 Adhesive Wear - Age (Useful Life)
_~_ Corrosion - Chemical Attack

m‘ Damage - Improper Installation
m Damage - Improper Operation
ki Erosion - Cavitation/Recirculation
¥ Fatigue - Cyclical Loading

'-"'1:" Imbalance - Contamination

== Abrasive Wear - Age (Useful Life)

&= Abrasive Wear - Contamination

:_\_ Corrosion - Contamination

:_\__ Corrosion - EnviromentaliClimate

[Jl§ Damage - Improper Installation

¥ Fatigue - Cyclical Loading

7% Fatigue - Misalignment

® Misalignment - Improper Maintenance Praclices




Ex. 1 — Usage based maintenance

" Motor - run-hours

" Pulverizer - tons of coal

" Transformer - load tap changer - count of operations

= Compressor - count of start/stop cycles

= Valve - count of open/close operations, amount of valve travel

" Filter - amount of liquid processed

28



Ex. 1 — Usage based maintenance - Run Hours

29

File Search View Go TJools Help

@ Database [ Query Date - ® @& @ Back ) B, Check In *3 v [#] Refresh @ New Element - =] Mew Attribute

Elements

¢ Elements

|- (@ Data Archive

5 3 Exercise 1

[ {9 Process Area

- 9 Line 1

- ®

= (3 Mixer 2

B T

-~ (@ Line 2
#1- (@ Exerdse 2
(3, Element Searches

|M'D:EI 1

General | Child Elements | Attributes | ports | Analyses | Notification Rules | version |

B . Last Maintenance Date
8 - =l Category: Identification
. L] l =1 Asset ID
L] . — Name
=] . =l Category: Process Parameters

T

& Filler Rate

&7 State

@' Temperature

| & Valve

B =l Category: Usage-based Statistics
- ;0 m .Q'DailyRunHuurs

L] — MTD Run Hours
=1 Previous Day Run Hours
—. Run Hours Since Maintenance

=1 YTD Run Hours

—1 Valve Actuation Count Since Maintenance

Filter
# ¢ @& B Name & Value Description
B =l Category: Equipment Status
‘0 m & Equipment Status Pt Created
; m '@f Failure Status

Mo Failure

3/23/2018 12:00:00 AM

509
Mixer 1

525.485900878906 kg/min

75.03949 rpm

Drop

4.389503 *C

0 0=CLOSE; 1=0PEN

Pt Created
Oh

0h

0h

0 count

oh



Ex. 1 — Usage based maintenance - Run Hours

Name Value
Mixer 1|Last Maintenance Date /2672018 12:00:00 AM
Mixer 1 Mixer 1|MTD Run Hours 55643
Mixer 1|Previous Day Run Hours 16.244
5 0 9 Mixer 1|Run Hours Since Maintenance 14.827
Mixer 1|Valve Actuation Count Since Maintenance 16
Mixer 1]YTD Run Hours 55643

RPM
70.528 rpm
Filler Rate

4 kg/min

Jalve

L 1
Temperature
4.32°C

11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

B Running W ide [ | Failure
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Ex. 2 — Condition based maintenance

= lubrication PM - on actual run-time, instead of calendar
" Analyzer re-calibration PM - drift exceeding 1%

" Filter change PM - measured pressure differential

" Compressor wash cycle - efficiency calculations

" Heat exchanger cleaning cycle - fouling or proxy

= Circuit switch - amount of time to open/close

" Rotating equipment - bearings high temperature

= Pulverizer - vibration, deflection

" Transformer - oil - dissolved gas analysis

31



Ex. 2 Condition Monitoring and Condition-based maintenance

Hydraulic Failure Modes

. Lubrication
Cavitation ) )
. Viscosity
Pressure Pulsation
Water

Pump Recirculation

Radial and Axial Thrust Wear particles

Mechanical Failure Modes Motor

Shaft Seizure or Break Rotor b_a': damage
' ' —— Eccentricity
Bearing Failure

. ) Mechanical looseness
Seal Failure

Vibration i

Fatigue

Misalignment -
Pump/Motor Failure Modes




P-F Curve

Ultrasonic
Vibration

ry oil
. Point where
Installation| 35 re starts  gqry Visual
of ¢ ) Y Early erature
Equipment o ocell signal 1 Signal 2 Early Temp
@ -@ —@— Signal 3
Y. Audible
Moise
= PdM Detects
E Broken Problems Early
e e ees
=
O
o
-
=
L
=
o
=
o
1]
>

TIME
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Ex. 2 Condition based maintenance — Bearing temperature




Ex. 2 Condition based maintenance — Bearing temperature

Ex2-BearingTemperatureAlerts + Ad Hoc Display

35

Number and Duration of High Bearing Temperature Alerts

Bearing Temperatura|Alerts Duration - 7 days ~ Bearing Temperature|Alerts Duration - MTD ¥

Assel Beanng Temperature|Alens Count - 7 days  Beanng TemperaturgjAlers Count - MTD

Pump01 320 1100
Pumpd4 o 104.0
Pumpd2 280 98.0
Pump(5 300 0.0
Pumpd3 230 97.0

Watchlist of High Bearing Temperature Alerts

Event Name

Hegh Bearing Temp_2018-0
3-27 05:25:00

High Bearing Temp_2018-0
3-2T 06:40:00

Hegh Beanng Temp_2018-0
3.27 07.50:00

Hegh Bearing Temp_2018-0
3-27 07:50:00

High Bearing Temp_2018-0
3-27 05:00:00

High Bearning Temp_2018-0
3-27 09:00:00

High Beaning Temp_2018-0
3-27 09:40:00

High Bearing Temp_2018-0
327 11:05:00

PUMPO4

PUMPO1

PUMPO1

PUMPO2

PUMPOS

PUMPO4

PUMPO3

PUMP(O2

Start Time

H2Tr2018 5:25:00 AM

272018 6:40:00 AM

272018 7.50:00 AM

WET2018 7:50:00 AM

VETR201E 9:00:00 AM

2712018 9:00:00 AM

272018 9:40:00 AM

2772018 11:05:00 AM

End Time

272018 6:00:00 AM

3272018 7:15:00 AM

32772018 B:30:00 AM

272018 B25:00 AM

272018 S:40:00 AM

3272018 9:40:00 AM

2772018 10:15:00 AM

72018 11:30:00 AM

S % % 5% 8% % 8% &

152 h
14.Th
121h
123h
8Th

Acknowiedged By

26.8h
260h
24.3h
220h
196h




Ex. 3a Simple Predictive — extrapolate the trend — compressor efficiency

@ e =]
Start Time: |--1sud ||E||T| End Time: |_ E|T||EIE|

® Exercise 2-3|Pump Station|Pump01|Hourly Average Efficiency
156,789

Asset Based PI Example Kit for Pump CBM tag
180

-]

/29/2017 6:28:40 AM 150 days 3/28/2018 6:28:40 AM

Add Arrbutes... | [Add prPonts... | | Traces. || cose
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Ex. 3a Simple Predictive - air heater fouling

D OO RO 0 (S e S SIS, | RevosTeN

Air heater tube plugging at a coal

power plant over 450 days
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o Predict-It Model: Pulverizer U:

- .APR - Advanced Pattern Recogni

Time: |11/25/2018 Time Plot Settings

End Time: [12/8/2018 Fverages

Interval: [] Autoor |20m

Cormla
F'rt To

[]Y Default |‘IDE' -x 100 vl ."-'«daleDdd

| Deviations || Health

e Mill Fecdratef PREDICT[T II

: %W -WWW“WTMWW L

25Nw

27-Nw 29-No\r -Dcc

Roll 1 Mean Deflection / PREDICTIT_|
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Roll 3 Mean Deflecti

MY LS
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- 1
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Ex. 3b - Advanced Predictve - pulverizer - early fault detection
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Ex. 3b - Advanced Predictve - pulverizer - early fault detection

L
I —
_—

LTS

I ~
5. .2'\\‘ ?
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‘ x Ml Data\ M 8

8 230060m 7] Show Historcs Data
Ranked Faults lm
Fault Present Ukebhood @ | Evidence Present  Source Influence &
(V] GEARBOX TROUBLE nx | cearsox ACCEL P Alwem Symptor 65% [N
[ BROKEN SPRING 2% TN HOT AR DAMPER..  Alarm (Symptom] 0%
] MILL WORN % TN HOT AR DAMPER... Alarm (Symptom) 0%
[ ROLL SEIZED % TN ROLL ACCEL P ABS.. Alam (Symptom) 0%
(] ROLL LOCKNUT JAMMED <= ROLL DEFLECTION... Alarm (Symptom) 0%
[ MILL FRE 5% [N 3| ROLL DEFLECTION_ Alarm (Symptom] 0%
s ameowoaveer trovete 20% [
[ ROLL BEARING 1SSUE 2+ R
[7] COAL FEEDER OBSTRUCTION 0% R
] MILL RESONANCE o B &
[] EXCESSIVE RECIROULATION w0
[} AIRRLOW SENSOR TROUSLE 89 o% =
[7] BAD DEFL TRANSMITTER 69 %
|| HOLE IN CLASSIFIER CONE 0%
[] MiLL FIRE DAMAGE 0%
[[] MoTOR TROUSLE o%
L M UCEE0 RUBMED DenE o -
User Questions s |Ranked Observations
Question State Importance @ Observation State Diagnostic Value & &l
Ol ANALYSS Unincwn o= [N GEARBOX ACCEL 2. Unicnown . B
NOISE Unknown = 1R ARFLOWPCT..  Unknown 0%
MILL TONS GREATER Usknewn 0% ARFLOWBCT.  Unknown 0%
PYRITES WITH COAL Unknown 0% AMPS DEV. HIGH,.. Absent %
PYRITES - NOME  Unknown 0% AMPS DEV.LOW...  Absent o .
PAINT DISCOLORED  Unknown % COAL FEEDRATE.,  Absent %
FINENESS Unknown % COAL FEEDRATE.,  Absent 0%
DIFF PRESS DFV...  Absent o5
DIFF PRESS DEV..  Absent 0%
DFF PRESS DEV..  Absent 0%
HOT AR DAMPER... Absent %
INLET AIR TEMP_  Absent 0%
INLET AIR TEMP..  Absent %
INLET PRESS DEV... Absent 0%
INLET PRESS DEV... Absent o
MOTOR STATOR.. Absent 129

T T A




Other predictive — statistical, machine learning ...
DISCUSSION Only

Predict engine failure — Principal Components - TechCon 2016 Lab

100 engines, 20+ sensors per engine, aggregate data/operating cycle _
~200 cycles of operation per engine Link
how long to failure? remaining useful life (RUL)

Anomaly detection (HVAC - Air Handler) - Support Vectors - TechCon 2017 Lab
7/ sensors
~6 months of operations, 5 minute data Link
damper stuck open? temperature transmitter failed? -
air supply fan constraint? where are the system constraints...

Yeast manufacturing — fermenter - monitoring and diagnostics - Pl World 2019 Lab


https://pisquare.osisoft.com/docs/DOC-3463-predicting-remaining-useful-life-and-equipment-failure-using-a-machine-learning-multivariate-model
https://pisquare.osisoft.com/groups/facilities/blog/2018/01/04/data-sciencemachine-learning-use-case-with-hvac-air-handler

Ex. 4 Condition Assessment — Overall Asset Health Score

& P1world 2018

- o Templates

=i (@ Element Templates

- (i CBM_Attribute_Score_Template
- (i Data Archive

(i Mixer

- (i Process Line

- (i Pump

- (i Pump Station

- [§ AssetHealth_Transformer
[ Event Frame Templates

: E Model Templates

i+ “§§ Transfer Templates

[H-- i@ Enumeration Sets

EJ ', Reference Types

[+~ [ Tables

------ > Table Connections

[=-- |_) Categories

...... #] Analysis Categories

...... .| Attribute Categories

------ @] Element Categories

------ |2 Notification Rule Categories
------ 1] Reference Type Categories
------ @) Table Categories

3 Elements
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= Attribute Templates | Ports i Analysis Templatesi Notification Rule Templates

| Fiter
2 i ¢ R Name 4 Description Default Value
B . Category: <None>
& |y Health Score Overal Heatth Score o
B- % LTC Count 0
& |y Case Value Cadlulated by Asset Analytics |0
g Limit 0
% Raw Value Required, points to a PI Point 0
€ | g Score Score - normalzed and weighted |0
g Weight Weight percent contribution to ... |50 %
8- &% LTC Neutral Count 0
@ | g CaseValue Caclulated by Asset Analytics 0
=g Limit 0
<% Raw Value Required, points to a PI Point 0
€ | 5y Score Score - normalzed and weighted |0
=g Weight Weight percent contribution to ... |50 %




Ex. 4 Health Score - Transformer

42

TRO1

[General I Child Elements] Attributes IPorts IAnalyses l Notification Rules I Versionl

@ =1 Weight

Fiter
2 ¢ @& R Name 4 value
B .l Category: <None>
@ ® | -l Health Score 5
E L ’ & LTC Count 65.174
1 me [Ecasevae ls
® | = umt 7 7 o
= «” Raw Value 12.456
@ | =l Score 4
50 %

| me |Zcasevae R T
® | =umt o
] «¥ Raw Value 65.174
mé® | =l Score 1
=1 Weight 50 %
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Asset Health Score

&) Web Part Page - Microsolt Internel Esxg _.Jﬂll
| Bk Edit Wew Favoites Took  Heb | [Links &] Google &] Wekome to MyAssistart™ &) 15 Reports ] Information Central (&] OAMS 5P & CMMS -MOSS &) eSHIP  £] RtBaseline MOSS “| o
[ Qperh ~ © ~ 4 3] (3] Psewch Zrravortes €] (- w - B3 [[&-
J Address |ﬂ Fikop: f froreskd e 280 Assat St 20ManagmentZ idebPages [LicsCa-ActionSummary e, 2sps _ﬂ
O PSEG LTC CA-Action New Summary Report =l
CA Records
Cietails Division Floc Floc Descr 0= Equiprnent Equip Diasct Score Person Status Manufactursr Type ApprT
0= CE IPE-CE-SDM -1TRX 500-1 Transformer 0000000000105054 24 Load Tap Changer & (LRS700) 4.8 George Pending Action GENERAL ELECTRIC LRS700  LTC
= CE IPE-CE-SDM -1TRX 500-1 Transformer 000000000010505425 Load Tap Changer B (LAS700) m Eaorge Pending Action GEMERAL ELECTRIC LRSY0O LTC
0= CE IPE-CE-SMMN -1PM 132-1 Transformer 000000000010023218 Load Tap Changer 132-1 4.5 Mark ol WESTINGHOUSE URT 55
b= ] CE IPE-CE-DAY -UNIT 2 Unit Substation - 8002 000000000010023245 Load Tap Changer 8002 m Mark Pending Action FEDERAL PACIFIC TC232 LTC
o= CE IPE-CE-SCO -UNIT 1 Unit Substation - 4001 000000000010502929 Load Tap Changer WESTINGHOUSE URS LTC
O CE IPE-CE-S0% -T2 2 2 Transformer 000000000010503152 Load Tap Changer (URT) George Pending Action WESTINGHOUSE LURT T=
= ME IPE-ME-HNC -T2 # 2 Transformer 000000000010507167 Load Tap Changer Paul ok FEDERAL PACIFIC 5S0C LTC
0= =1 IPE-S0-BEA -T2 2  Transformer 000000000010520911 Load Tap Changer FEDERA&L PACIFIC TCS546 LTC
= S0 IPE-S0-MAR -T1 # 1 Transformear 00o0000000010522897 Load Tap Changat _ Georgs Pending Acbon GEMERAL ELECTRIC LRTeS LTC
0= SO IPE-S0-SLA -TALTC  220-1 Transformer Tap Changer 000000000010526193 Load Tap Changer SEL 220-1 Mark Pending Action MOLONEY SRTMHD S5 —
= CE IPE-CE-GSE -132-7 132-7 Transformer 0000000000105015585 Load Tap Changer m Mark Neads Review WESTINGHOUSE URT SE
0= CE IPE-CE-SBR -3TRH 220-3 Transformer 000000000010505101 Load Tap Changer 220-3 26Ky “ Mark Mo action MOLONEY SRTMHD TS
= CE IPE-CE-SLI -41HL H-2234 000000000010012288 Phase Angle Regulator-Load Tap Changer-& 3.25  Mark Pending Action WESTINGHOUSE uyT LTC
= CE IPE-CE-SDMN -2TRH 500-2 Transformer 000000000010505428 Load Tap Changer B (LRS700) 125 George Ok GEMERAL ELECTRIC LRS700 LTC
= S0 IPE-S0-LAW -T2 2 2 Transformer 000000000010522332 Load Tap Changer 3.25 FEDERAL PACIFIC TCS46 LTC
o= S0 IPE-SO-MRD -T1 # 1 Transformer 0000000000105256854 Load Tap Changer 3,25 Mark Pending Achon GEMERAL ELECTRIC LRT200-2 LTC
O ME IPE-ME-HAW -TZ 2 2 Transformer 000000000010507132 Load Tap Changer = fh Paul Ok WESTINGHOUSE URT ==
= CE IPE-CE-GSE -1TRH 220-1 Transformer 0000000000105015463 Load Tap Changer 3 Mark Pending Action WESTINGHOUSE UTH TS
0= PR IPE-PA-KIN -T2 # 2 Transformer 00000000001060%461 Load Tap Changer Yacuum 3 GE PROLEC RMVY 1T LTC
= CE IPE-CE-POH -T2 # 2 Transformer 000000000010504695 Load Tap Changer (UVT) 2.8 Paul Pending Action WESTINGHOUSE T LTC
0= P IPE-PA-HOE -T1 # 1 Transformer 000000000010515759 Load Tap Changer & 2.8  George Needs Review ABB uuT LTC
= CE IPE-CE-SBE -STRX 500-3 Transformer 000000000010603853 Load Tap Changer B 2,75 eorge QK SMIT M S5
D= CE IPE-CE-S05 -T2 # 2 Transformer 000000000010503189 Load Tap Changer (URT) 2.65 Geoorge Pending Achion WESTINGHOUSE URT S5 i
I - et i e e e e B R . s e '"_'I_I
€] vone T T T T Ediocel tranet



Asset Health Score — PSE&G example
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:1;: Home Documents and Lists Create Site Settings Help

O PSEG LTC CA New Action Algorithm Details

Nameplate
Oneline  Division Station Code  Station
¥ Central  POH

Station Type  Floc Descr

POLHEMUS LANE H

Equipment:

Content Editor Web Part

B yiaw and Trend Equipment FI Paints
B C& LTC Mew Action Algorithm Rules

Algorithm Factors

Factor Raw Value Case Value Weight %
Detactable Acstylens 4915 0

Gas Rate of Change 6.08 5 15

High Total Gas 270243 EER -0

High Water 48 ] 10

Low Dielectric 344 0 10

LTC Operabions 85 ] 10

LTC THRU HEUTRAL 1 I 1

CA Score

Score maxScons Ranking{ %) Peer Group
6.25 625 oo [l
RtTrend o

# 1 Transformer  000000000010504694

Score
25
0.75

L — I — N ]

Equipment Descr
Load Tap Changer {UVT)  E-LTC

v DeltaX Total Combustible Gas

Details  ApprType  Sample Date

O LTC 07/06/2009
v O LTC 04/05/2007
o LTC 08/28/2006
O LTC 05/11/2006
ht LTC 04/26/2006

DeltaX Water

Appriype
LTC

LTC
LTC
LTC
LTc

Peee ez

DeltaX Fluid

Apprtype
(i [
LTC
(h o
LTC
(k[

Peeeos

& Months Counter Dperations

Equipment Type

CO HZ Acetylens
475 305 4915

47 0 0

166 37 0

10 0 0

48 0 0

Sample Date
07/06/2009
04/05/2007
08/29/2006
05/11/2006
04/28/2006

Sample Date
05/11/2006
08/07/2002
07/11/2000
01/14/1998
03/10/1997

Construction Year

Senal Number
1983 SLM56073

Ethane  Ethylene
40865 2.1297E+05
1 4
1, 3
1A 1]
] 28
Fluid Temp (C)
45
k]
47
42
ol
Fluid Temp (C)

Manufacturer
ABEB

Methane  Combustible Gas

Up to PSEXG Delivery

Muodify Shared Page*

w

Model Number
UyT

2 3 Bl

10714 Z JE+05
7 4
3 212
F4 13
5 89
Showing 1 to 5 of 23
.
K 5 3 =
Water
48
ral
38
i
8
Showing 1 to 5 of 23
v
EE 5
Dare D1816
M4
43.7
315

424 424
Showing 1 to 5 of &



Other resources

OSlsoft Users Conf. 2017 TechCon Lab Notes Incorporating Process data with Condition Monitoring data...

OSlsoft Users Conf. 2016 TechCon Lab Notes Condition-based Maintenance with Pl AF

OSlsoft Users Conf. 2015 Presentation Keeping Assets Healthy — Pl System’s Role in Asset Maintenance

PSE&G use case showing asset health score http://www.osisoft.com/Presentations/Condition-Based-Maintenance/

Allied Reliability Group

ECG Inc
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https://pisquare.osisoft.com/servlet/JiveServlet/download/96950-21243/TechCon 2017 CBM Lab Workbook_Final.pdf
http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
mailto:gopal@osisoft.com
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
https://alliedreliability.com/

Contact Information

Gopal GopalKrishnan, P.E.

gopal@osisoft.com

Preston Johnson
johnsonp@alliedreliability.com

Keith Pierce
kpierce@osisoft.com

Mike Santucci
santuccim@ecg-inc.com

Bryan Pope
bpope@osisoft.com
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Asset Monitoring and Condition-based Maintenance
(CBM) with the Pl System

Gopal GopalKrishnan, P.E., Solutions Architect
Keith Pierce, Technical Advisor
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Takeaways

* CBM can mean different things — whom do you ask?

e Pl System covers major portions of the CBM workflow
* AF Analytics applied to maintenance/reliability (usage-based, condition-based, predictive)

* As appropriate, include machine condition monitoring data
* vibration, oil analysis, thermography...

e Get started now — make Pl part of the maintenance business process
* Ask about CBM workshops (speak to us or your Account Manager)

e CBM Lab at Pl World 2019 - Day 3 afternoon and Day 4 morning



https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf

Terms & Definitions

PM/CM
APR Predictive APM

RCM
RCA oo R menance N



CBM Prescriptive Guidance

~ Terms & Definitions

¥ ( & 0SI

A Guidebook to Implementing Implementation Guidance

Condition-Based Maintenance
(CBM) Using Real-time Data

A practical guide to getting more value from real-time data P I SVSte m Ove rVi eW fo r C B M

by supporting asset management systems

Condition-Based Maintenance

/\ oo oo Pl System Integration w/ CMMS

Decision Support

Enterprise Integration Enabling Opportunities

Business Intelligence

Solution Examples

Industry References
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Maintenance Budget & Types

* Capital replacement
* Replace or rebuild expensive assets
* Major projects
* Squeaky wheel gets the grease syndrome

* Corrective Maintenance (CM)
* Repair afailure or degradation
* Troubleshoot & Rework
* Unscheduled often with downtime

* Preventive Maintenance (PM)
* Usually time-based schedules
* C(Clean & Inspect
* Pack bearings
* Filter check
* Diagnostic Measurements & tests

Capital S

Asset Management

O&M S

Maintenance &
Engineering

_<

_<

Capital
Replacement

Preventive
Maintenance




CBM can mean different things

* Condition Monitoring

* Incipient Failure Detection

* Condition Assessment

* CBM Preventive Maintenance

e APR — Advanced Pattern
Recognition

It’s a journey — not a destination

—_ @pment Conditio

Actua I Real-time valu efom datahsto an
Expected Predicted value from Predict-It estimator
_______________ __ Residual Difference between Actual and Estimate
‘Actual Vi e
i o>

High Limit (User Defined
\ Actual Value

High Limit Alarm

IIIIII“tW.,w
Expected » X x—- = « Deviation exceeds tolerance
Value \

\

‘ \

——————————————————— A - Low Limit or Defir {
\

\
4 out of 6 On-Delay “Latch”



CBM - Analytics

" Usage assessment - runhours
* hours, tonnage, starts/stops, ...

" Condition assessment - machine or process
= efficiency, vibration (peak), thermography (hot spot)...

" Predictive - Simple - extrapolate a trend
= Predictive - Advanced and APR models
= Asset Health Score
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Run Hours Display

(@ osi-

s
) I.

Report - Critical Motors - Run Hours

Last Update: 3-12-2016

Equipment Daily Run Hours  Lifetime Run Hours  During Last Pernod Period Since Last Service Last Service Mext Senvice
Agitator 1204 m 7.975 0 3mo 387 11012016  11/10/2016
Agitator 1205 2379 10,119 2,154 3mo 409 2023/2016  10/3/2016
Agitator 1304 2349 9,908 2118 3mo 697 211112016 12/13/2016

‘ Agitator 1305 23,49 9,908 2,118 3mo 697 21172016  12/1/2016
‘ Fan 5163 19.71 8,554 1,174 3mo 2,664 10/1/2015  5/1/2016

Fan 5164 9,292 2,022 3mo 3,566 10/22015  5/2/2016

Fan 8144 9,839 2,112 3mo 3,635 10/5/2015  5/5/2016
Pump 3809 15.16 8,587 1,849 3mo 3,218 10/10/2015 5M10/20186
Pump 3810 23.97 9,618 2,079 3mo 3,837 912312015  7/1/2016
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San Francisco Public Utilities Commission

Results of Pilot

o CArmrmiasinn

100 Main Pumps =
$1.8MM Annually

# of PMs: # of PMs: # of unnecessary PMs
AssetName o .. uled Basis Conditional Basis Avoided
PUMP-1149 28 0 28
PUMP-1150 28 12 16
PUMP-1151 28 0 28
PUMP-1152 28 21 7
Totals 112 33 79

* Over the 28-month simulation, 79 sets of unnecessary monthly Preventative
Maintenance procedures were identified.

« Each set of monthly maintenance procedures costs approximately $2100.00
« This equals an annual savings of $71,100.00 for only four assets!
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https://www.osisoft.com/Presentations/Get-the-Most-out-of-Your-Assets-with-the-PI-System-and-Maximo/

TransCanada

[ ]
Calculati Ng Expected Heat Rate i business o el
= El _CoeffType ECMax . -
= cerer Lookup curve-fit coefficients from SQL Table Real-time Streaming
LE 0 (Manufacturer Performance Curves)
] Elc -140,82338
= Elp 1]
| Data Refer : -
] ElE 3431.05804 - S ITablE Luoh‘lp J
m ElF 0 Settings... ‘
: _I 5 s SELECT CoefficientValue FROM PerformanceCentrifEff WHERE PerformanceModellD = @[| _ APDD * kh
i 2 PerformanceModelID] AND CoefficentType = @[ CoeffType] AND CoeffidentOrder = 1 'Q - - 3
OICT o 141.2uBy{In 7 — § + S}
ul =3 0 Tur
] ElK -524290.83316
= ElL 1]
= =M 1]
= Eln a . -
e ; Apply curve-fit to calculate Nominal Heat Rate
& Ep 0 =
& Elo 0 Data Reference: Formula - -
I J : Average Heat Rate Curve
= Category: Nominal Values Settings... | s Lo+ 3688+ a0is:
= : S=..\Driver |Steady Speed;A=. |4;B=.|B;C=.|C;D=.|D;E= |E;F=.|F;G=.|G;H=.|H;I=.|I;J=. | ;K= |K;L=.] E 1o - B
= =1 BHP_Nominal 8710.27322604474 BHP LM=. [M;N=. IN;0=. |0;P=. IP;Q=. IQ;X=FC_MaxSpeed; if not(s) then 0 else (A +C=X +E™X"2 + G™X"3 + =8 b o e 80 o,
[¥K"4 + K¥H"5 + M35 + 05X~ + QA8 1 + 55X + D% 2 +F*"3 + H* "4 + %5 + L¥K"6 + R ]
i} =] FuelRate_Mominal 71.1036975854648 MCFH M=K AT + PEE)] E |
= 3153. 19944738005 BTU(LHV)/BHP-hr R e e
® | =l PCD_Nominal 205.15303353481 pi =
Calculate Actual Heat Rate
= Z] T5_Nominal 1394,59524035539 °F
Data Refe :
] E1 T7_Nominal 925.386391989674 °F Al meTErEnce |F°”““'a hd
Settings...
! | A=Unit_BHP;B=Unit_Fuel;C=Unit BTU; [if badval{A) or badval(B) then 0 else if A<=30
B = | 9343.68334570345 BTU(LHV) /BHP-hr then 0 else (B={1000%C*0.915))/4]




Example of Predictive Analytics in Pl AF — Expected vs Actual

TransCanada

Compression\Houma\Unit01\Gas Compressor\Discharge Temperature|Cylinder 1 Discharge Temperature Q
In business to deliver

Smoothness None ¥ Steady State Yes ¥ Start aug 12 End aug 26 -

1601
140

0 Y VAV Tt S Vot Vo e U2 0V | 2 S AW N V3 a4

80+

60+
40 / _________________

207 l Measured discharge temperature

deviating from the Nominal

Powered by ZingChart

Found partially damaged compressor
valve.
The valve was replaced in a planned
& controlled manner.




Maintenance — Simple Predictive — RUL (remaining useful life)

1

Bearing Forecasted Failure Date 7/5/2018 8:24:25.795 AM
250 Bearing Life Expectancy 2528
200
o
3
%
il”
; Name Expression Output Attribute
100 NatLog if 'OverallBearingFault'>@ then Log('OverallBearingFault') else NoOutput() OverallBearingFault|Natural Log
, Timel2back TEL12W' Map
q )
f\ l ' * » * L]
% 49 ?%JiiLinearRegr if EnableFit then LinRegr('OverallBearingFault|Natural Log', Timel2back, '*',5@) ||Map
I’Un' " o
m‘ ,l
‘(Fit if BadvVal(LinearRegr) Then NoOutput() Else LinearRegr Map
o B ahada s asesl il
77162004 m if EnableFit AND Not(BadVal(LinearRegr)) then Convert(Fit[1]*24*36@0, "gE/day") e.|OverallBearingFault|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>.40@ then Convert((.|BearinglifeExpectancy
ForecastedFailDate if EnableFit AND Not(BadVal(LinearRegr)) and m>@ and rsquared>.4@@ then TimeStamp |BearingForecastedFailureDate




Simple Predictive - air heater fouling

B I e e et g L RemRomeN

Air heater tube plugging at a coal

power plant over 450 days




Advanced Pattern Recognition - Fan Motor Bearing

Temperature movement on FD Fan Motor outboard bearing -
about 17 degrees above expected

3D124-3TE273, WEST FD FAN MTR OUTBD BRG (DEGF)

11/28/2006 11282006 117292006 11/29/2006 11/302006 11/30/2006 12/1/2006

00:00:00 12:00:00 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00
After detection, the filters were found dirty, replaced, and
the real time oil level and temps dropped back to the model
expected value.



AGL — Diagnostic Center

Reduce unplanned
\ ! I |

generatlon losses across

a mixed technology
- ag ‘ vortfolio of > 10,000 MW

} SOLUTION

Phase #1: Centralise all real time
data via OSlsoft Pl

Phase #2: Install and commission:

Improve capability to sense active
failure modes at the earliest
possible opportunity and take
actions to avoid loss

$18.7M of avoided losses in 3
years (from a standing start)

$8.5M of savings last financial

Advanced Pattern Recognition Y&

 Data isolated and scattered Technology . . .

* Multiple SCADA technologies in « Predict It (APR) technology was fast to install . (b)DCfFiellverS significant tangible
and did not require a large data base (it uses Pi enefits

play ergcﬂy) T - . OSlepft Pl enableds c'i_.ata

+ No access to real time data " A ReRlizad Opersonsl Disonostcs Centre tansformation and the pursuit many

§equired and increased the level of skills other business |mprovemeqts
« ODC also uses Pl system for deep dive + ODC technology now focusing on

investigations process safety uplift
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PSE&G — Consolidate & Correlate Data

Distribution SCADA

Electrical test results

Breaker Tests

Delta-X
Gas & Oil analysis

SAP-PM
Su:sltrt?:: TL::S:?tft:ns Hydran OMS GIS S T
equipment & locations
Gas Results POR and PPC Ratings, Solar & e

Circuit Lengths
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Asset List with Score

a Web Part Page - Microsoft Internet Explorer

=121

| Bl Edt ‘Wiew Favarites Took Help |J Links &] Google &] ‘Welcome to Myassistant™ & GI5 Reparts & ] Information Central &) OAMS 5P (&] CMMS - MOSS @] eSHIP (€] RtBaseline MOSS = e
(D Back = 03 = %] (2] oo | S Search 5'F Favorites 42 3 = L e
J 9 J D IZI i | s o e e} Weh Part Page - Microsoft Internet Explorer - Iﬂlﬂ
J.D.gdress IEhttp:,I',l'njnwkdevZQ,l'Asset%ZDManagmentZ,l'WebPages,l'LtcsCA- .J e —— | a. |
O PSEG LTC CA-Action New Summi ) PSEG LTC CA New Action Algorithm Details Modify Shared Page«
CA Records Nameplate —
Cneline Division gtoa;:;n Station Station Type Floc Descr Equiprnent Equiprnent Descr Equiprnent Type Caonstruction Year Serial Mumber Manufacturer Model Nurmber
Dl (Bt Foe Fie Deser e Central SDM DEANS X 500-1 Transformer 000000000010505424 Load Tap Changer A (LRS700% E-LTC 1971 DE95E34 GENERAL ELECTRIC LRS700
0= CE IPE-CE-SDM -1TR* 500-1 Transfarmer
Content Editor Web Part * DeltaX Total Combustible Gas -
0= CE IPE-CE-SDN -1TRX 500-1 Transformer
B Equiprnent Home Page |<| ﬂ ﬂ >||
= CE IPE-CE-SMM -1PM 132-1 Transfarmer o ; | : . ool . Y
. . Wi d Trend Equi t PI Paoint Detalls ApprType Sample Date CO HZ2 Acetylene Ethane Ethylene Methane Combustible Gas
o CE IPE-CE-DAY -UNIT 2 Unit Substation - gopz | /=" 21 FEnT SUIRMamt Forains
o _ betati Ch LTC Mew Action Algorithm Rules = LT 07/27/2009 199 339 37 7 4 14 300
CE IPE-CE-SCO -UMIT 1 Unit Substation - 4001 o e AN 0B 90 2 . " a -
s e IPE-CE-S05 -T2 # 2 Transformer Algorithm Factors v o= LTC 03/13/2009 62 23 17 2 2 3 109
< HIE HPE-GIECRIE T2 & 2 Urensformer Factor Raw Walue Case Value wWeight % Score = LTC 12/17/2008 58 26 30 3 3 3 123
< =0 IPE-20-BEA -T2 # 2 Transformer Detectable Acetylens 10 10 25 2.5 o= LTC 06/26/2008 79 27 28 2 2 3 141
0= =0 IPE-SO-MAR -T1 # 1 Transformer Gas Rate of Change 3.67 z 15 0.3 Showing 1 to 5 of 18
o= =0 IPE-S0-5LA -TILTC  220-1 Transformer Tap | Hioh Total Gas o i & €
- e High "ater 23 1] 10 0 DeltaX Water -
CE IPE-CE-GSE -132-7 132-7 Transformer . .
Low D|e|ectr|c 32.6 i} 10 ] |<| ﬂ ﬂ >||
= CE IPE-CE-SBR -3TRH 220-3 Transformer LTC Operations 34 ] 10 0 . .
6 T B LR . a a . Details Appriype Sample Date Fluid Termp (C) W ater
0= CE IPE-CE-SLI -41HL H-2234 o e 07/27/2009 &0 -
= ZE IPE-CE-SDM -2TR = S00-2 Transformer e — - 0= Lo 06/11/2009 55 19
= S0 IPE-S0-Law -T2 # 2 Transformer ) b
Score maxscore Ranking{%:) FPeer Group o= LTC 03/13/2009 49 15
G- S0 IPE-S0-MRO -T1 # 1 Transformer 4.8 4.8 100 YACUUM 0= LTC 12/17/2008 53 17
= ME IPE-ME-HAW -T2 # 2 Transformer = LTC 06/26/2008 &5 i)
O CE IPE-CE-GSE -1TRH  220-1 Transformer RtTrend ~ Shawing 1 to 5 of 18
= PA IPE-PA-KIM -TZ # 2 Transformer i
DeltaX Fluid -
: ZE IPE-CE-POH -T2 # 2 Transformer |<| ﬂ ﬂ >||
L] HPESPR-RIOE =Tl & 1 Trmsfermmer Details Appriype Sample Date Fluid Temp () DE77 D1816
= CE IPE-CE-SBE -3TR¥  500-3 Transformer O LT 07/10/2008 47.6 326
= CE IPE-CE-S0S -T2 # 2 Transformer = LTC 06/13/2002 51,5
‘]" o T corT Tt 0= LTC 06/12/2000 55.4
[&] bone 0= LTC 05/10,/2000 36.1
E ™ | T n7/McMoa7 ﬂ

|@ Done

’— ’— ’_ ’_ ’_ |\:J Local i:t:a;et
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Microsoft

‘F|ZI System’s role in CBM plintegrtors & P55l server I8 Gsas
) . @

w ORACLE
H TEE DEdwards
Notifications @ %
Ku 1. Connect to relevant sources
e 0 o (7))
= Event Frames - i
O | @l 2. Collect and archive data
'\. g
A eee| E Analysis %0 3. Assign context (asset-based)
[— ] O
8 4. Execute condition monitoring logic
.:"F o Pl Asset
o'Q'**°| & Framework 5. Visualize real-time conditions
QO
o 6. Alert and notify
(@
o 0 o S
Q
=
— Pl Vision
co o | O- L, / ﬁ Pl ProcessBook
Pl DataLink
Pl Server | l “ W§:| P! Datalin
@ Pl Visualization
Suite H} Pl WebParts



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

File  Edit Tools  Help
T Database [ QueryDate ~ O @& | () Back

Elements

S Elements

B 3 Generation

. (5 OSISaft Power

-~ (3 Big Creek Power Plant

{J Cleveland Power Plant

(3 Houston Power Plant

3 Mew UNit

+-- (J Philadelphia Power Plant

= (3 San Leandro Power Pla
B G Unit1

Air Heater

Balance of Plant

Feedwater System

- (31 Boiler Feed Pump #1

i (1 Boiler Feed Pump #2

[ (@ Generator

¢ e (J Generator A

B Mils

i Mill 1

View Go

Mill 4
- (@ Turbine

b G Turbine A
[ (G Wind Power Generation Fleet

e e

" ||| General | child Blements | Attributes |ports | Analyses | versi

Asset Context in Pl AF

||i MNew Element - ]ﬂ New Attribute

| Fiter

%

L
+

l|0| Name

S Calzgnry: <None =

Category: <Nonex

B | ¢ EXT Steam Flow Total

260660.078125 b

B | ¢F Flow entering economizer

] In Service Date 1-Jan-13
[dl Last Service Date §-Mov-13
[dl Manufacturer GE £
[dl Serial Mumber 18395
B Category: Bearing Temperatures
B | ¢¥ Inboard Bearing Temperature 135.008500244141 deg F
B | ¢¥ outboard Bearing Temperature 122,390983581543 deg F
= Cateqory: Flaws
B | ¢F Auxilary Steam Flow 14,8983793258667 |b
B | ¢ Discharge Flow 1634,23645019531 k Ib/hr
B | ¢ Discharge Flow Total 757539.875 b

j=| Event Frames —
| Library B | ¢F Main Steam Flow 38, 3094062805176 k Ib/hr
e Unit of Measure S B e

@ MyPI ] Bearing Vibration High Limit 2 mils

|2 Notifications B Control Oil Pressure Low Limit 32psi

8 Contacts o] Discharge Flow Low Limit 1700 k Ib/hr

] Analyses 2 Suction Pressure High Limit 160 psi

[<]

MName:

Description:

Group by: [v] Category [ Template

Configuration Item: [ |

Categories: [Flows;Operational and Performand| ]
DefautUoM: | |
Value Type: | <Anything = |
- [
Data Reference: | |

Settings... |

|AE Attrikutar




Event Detection

File  Wiew Go  Tools  Help

T Database [%] QueryDate ~ O & (@ Back ) [B, Checkin %) o (& Refresh | New Terplate ~ |

Search Element Templates O+

Library

Bailer Feed Purmp Turhine

ﬁ Power Generation

=+ (] Categories

- (@] Analysis Categories
- (] ittribute Categaries

(& Boiler Feed Pump Turbine

(% Circuit Breaker

(% Coal Plant

() Combined Cyele Power Plant Template

() Substation
- [y TRTemplate

2 ’1 Boiler Feed Pump Control Cil Pressure Anomaly
- J1 Buailer Feed Purp Lo Discharge Flaw

’1 Bailer Feed Purp Law Pump Speed

’1 Buailer Feed Purp Suction Pressure Anomaly

’1 Buoiler Feed Pump Vibration Anomaly
’1 Circuit Breaker Operation Status

- =) GT Exhaust Gas Temperature Anomaly
=g High vibration

[ Gereral | attribute Templates | ports | Anslysis Templates |

H  Boiler Feed Pump Low Discharge Flow Anomaly
o  Boiler Feed Pump Low Pump Speed

HH  Boiler Feed Pump Suction Pressure Anomaly
HH  EBoiler Feed Pump Vibration Anomaly

Name: Boiler Feed Pump Vibration Anomaly

Description:  Boiler Feed Pump Vibration Anomaly

Categories: [

-

Analysis Type: (7) Expression

() Rollup (@) Event Frame Generation

Event Frame Template: | Boiler Feed Pump Vibration Anomaly

EEd

Functions
Insert functicns into the expression

Mame Expression

Value

All

StartTrigger

if ('Inboard Bearing Vibration X' » 'Bearing Vibration High Limit') Then true else if ('Inboard Bearing Vibratior

True

~t if ('Inboard Bearing Vibration X' » 'Bearing Vibration High Limit') Then true else if ('Inboard Bearing vibration ¥' »
‘Bearing vibration High Limit') Then true else if ("Outboard Bearing Vibration X' > 'Bearing vibration High Limit')
Then true else if ('Outboard Bearing Vibration Y' > 'Bearing Vibration High Limit') then true else false

EndTrigger Type an expression (optional)

Add a new expression

Evaluated at 4M/2014 7:35:22 AM

StartTrigger true for: 30

BaclVal
Bod

Bonm
Ceiling
Char
Compare
Cencat
Convert
Cos
Cosh
Cot

Coth —

e L

[ Duration: 1

Name: Root Cause

= Generate child root cause event frame before parent event frame starts

Category: ‘

x)
Return the absolute value of an integer or real number.
Example: Abs(1)

Scheduling: (@) Event-Triggered () Periodic

Trigger on [Any Input

Bailer Feed Purp Turbine Madified:3/27/2014 12:29:21 &b,
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Monitoring Asset Conditions

Fn 1271272054 156 Pt

. PlAlerts&Company.com

= (7 Houston - st -
'E‘ ﬁ I:ra':k.ir Genad | [}id Elemerts & | Fﬂfts | vm I ‘; UDISOTT < L AN - BES * BIaCK UD JU Qal - Anarysis
EI ﬁ E': To WWhae Brkh
| © Vou forwarded this message on 12/12/2018 159 PM
""" a | | | This mestage was sert with Low impeetance
...... & ' B Name =/ Value
ﬁ 'v‘mj B Undenstanding Certerine Alsem Emals.dotx ECMD Trend Sureens.pdi
""" sl =] Category: Location s
""" g B =] Address 470 Beso Ln, San Antonio, ... \
------ =] | OSisoft - A Alarm - B3 - Steamroller - Analysis
______ & B| =] Entity Cindy Bear
Z ———  Acknowledge
------ ﬁ B| El L Event Frame Template: | Bailer Feed Pump Vibration Ancmaly
...... ﬁ B E]L Black DS 30 Gal triggered by test
------ = ! Time: 4 3:56: “06:00:
g = = | r— Erpression Swa T he: 1 Z{fjﬁ‘" 3:56:24 PM Central Standard Time (GMT-06:00:00)
B F k|| if ('Inboard Bearing Vibration X' » 'Bearing Vibration High Limit") t
""" a 'Bearing Vibration High Limit') then True else if ('Outboard Bearing | S&eCMD Trend Scréens.pdl for more detalls
[+ (G Estrudir B <% k|| True else if {"Outboard Bearing Vibration Y' » 'Bearing Vibration Hig
i G Milling | P | | Mios
- ﬁ Little Prack g Category: StartTrigger true for 0 | Minutes |« Condition Fixed? (in timeframe)
- ' . o 5 - : »  YES - Will receive emall confimation
H-- (G Tuczon >
. B [£] Manufacturer L&T e NO-
G- @ Wichita — — Attribute Alarm States
= G Pumps B| =] Service Residertial
P07 Fin Wind Torq SP1
""" ﬁ ) Mid Range Torq SPO
------ @ P-009 Fin PW Over 5P0
...... &9 P00 Trans Torq SP1
------ ﬁ P-099 For more details please see Pl Vision Display and the Boiler Feed Pump Overview display
------ & P | —




Boiler Feed Pump Overview

O Pivision © Newbispiay | [ | osweere | @

5% Boiler Feed Pump bpope (explorer-mode) ~ Asset: | CLEBFP1 ¥ «AdHocDisplay [  Export

8 Suction Discharge
53.778 psi  7.4483 psi

iy Outside Air Temperature Main Steam Flow 172.71 deg F

30.679 deg F 9.9994 « Ib/hr

__ . X
§.062194 s Active Thrust 0.074943 mils

Y Inner Temp Bearing Metal Y
0.27536 mils 86.375°C  87.253 degF 0.075 mils

Bearing Temp | ‘ | Bearing Temp ! T
84.158 deg F A ] I 82.978 deg F -

23189 psi 8 W ] T — .‘-L

Pump Speed
HP Bearing Oil Drain “LP Bearing Oil Drain " - 0.02614 rpm .
90.554 deg F | 875 P Il

Oil Temperature Leaving Cooler
No Data

Bearing Oil Pressure

Event Name ' ‘ End Time ' l Acknowledgement

CLEBFP1 - Boiler Feed Pump
Cavitation Anomaly - 2018.0 CLEBFP1 6/13/2018 9:01:47 AM 3/15/2019 6:02:32 PM

3/31/2019 5:15:43 PM




Boiler Feed Pump Event Analysis

Ny
®

J) Pl Vision

Events

Automatically refresh the list

CLEBFP2 - Boiler Feed Pump Low Di... 2

CLEBFP2 - Boiler Feed Pump Low Di...

4/1/2019 3:37:08 PM - 4/1/2019 4:00:09 PM

CLEBFP2 - Boiler Feed Pump Low Pu...
SLBFP2 - Boiler Feed Pump Low Pum...
CLEBFP2 - Boiler Feed Pump Low Di...
CLEBFP2 - Boiler Feed Pump Low Di...
HOUBFP2 - Boiler Feed Pump Cavitat...
PHLBFP2 - Boiler Feed Pump Cavitati...
PHLBFP1 - Boiler Feed Pump Cavitati...
HOUBFP1 - Boiler Feed Pump Cavitat...
HOUBFP2 - Boiler Feed Pump Cavitat...
PHLBFP2 - Boiler Feed Pump Cavitati...
CLEBFP1 - Boiler Feed Pump Vibratio...
CLEBFP1 - Boiler Feed Pump Low Pu...
SLBFP1 - Boiler Feed Pump Low Pum...
CLEBFP2 - Boiler Feed Pump Low Pu...

SLBFP2 - Boiler Feed Pump Low Pum..

>

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

| O Edit Search Criteria ‘

E) New Display [ ! ] OSl\kpierce

CLEBFP2 - Boiler Feed Pump Low Discharge Flow - 2019.04.01.15

Event Type: Boiler Feed Pump Low Discharge Flow

v Comments
Asset: __\Balance of Plant\Feedwater System\CLEBFP2

4/1/2019 3:37:09 PM - 4/1/2019 4:00:09 PM

Add Comment

ped
(=]
(=1

|

Actions and Comments (0)

-50m 10m 20m
4/1/2019 2:37:09 PM 4/1/2019 4.00:09 PM

Trigger Attributes (2)

CLEBFP2 Y StartValue VY| EndValue Y| Units

T_

Event Attributes (13)
CLEBFP2 - Boiler Feed Pump Low Discharge Flow -

(110 ()4 (] gllje 1 —
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pump

< Home
< Power Generation
"oump"”
& CLEBFP1

Pump Speed
@ CLEBFP2

Pump Speed

Attributes
CLEBFP1

Bearing Temperatures

Inboard Bearing Temperature
Outboard Bearing Temperature

Flows

Event Table Watchlist

© Pl vision
@  Assets

(explorer-mode)  Asset:

Event Name '
HOUBFP1 - Boiler Feed Pum
p Low Discharge Flow - 201
9.03.05.04

HOUBFP1 - Boiler Feed Pum
p Cavitation Anomaly - 2019.
03.06.00

HOUBFP1 - Boiler Feed Pum
p Cavitation Anomaly - 2019.
03.06.04

HOUBFP1 - Boiler Feed Pum
p Bearing Temp - 2019.03.0
6.09

HOUBFP1 - Boiler Feed Pum
p Bearing Temp - 2019.03.0
6.17

HOUBFP1 - Boiler Feed Pum
p Bearing Temp - 2019.03.0
6.21

HOUBFP1 - Boiler Feed Pum
p Bearing Temp - 2019.03.0
7.00

HOUBFP1 - Boiler Feed Pum
p Cavitation Anomaly - 2019.
03.07.01

3/4/2019 5:22:47 PM

HOUBFP1

HOUBFP1

HOUBFP1

HOUBFP1

HOUBFP1

HOUBFP1

HOUBFP1

HOUBFP1

Boiler Feed Pump Low Disch
arge Flow

Boiler Feed Pump Cavitation
Anomaly

Boiler Feed Pump Bearing Te
mp

Boiler Feed Pump Bearing Te
mp

Boiler Feed Pump Bearing Te
mp

Boiler Feed Pump Bearing Te
mp

Boiler Feed Pump Cavitation
Anomaly

3152019 5:22:22 AM

3/6f2019 1:16:22 AM

3/6/2019 5:47:52 AM

36/2019 10:00:52 AM

3/6/2019 6:13:22 PM

3/6/2019 10:25:52 PM

3/72019 1:38:52 AM

3712019 2:01:52 AM

End Time

3/5/2019 5:31:52 AM

3/6/2019 5:46:52 AM

3/7/2019 1:54:22 AM

3/6/2019 10:22:52 AM

3/6/2019 6:46:52 PM

3/6/2019 10:56:52 PM

3/7/2019 2:03:22 AM

3/7/2019 2:03:52 AM

@ New Display | m | OSlikpierce | (7]

« Ad Hoc Display ED Export
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Condition Monijtoring Report

FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REWIEW 1B ADD-IMS Pl DATALIMNE FIBUILDER Tearmn

? EH - 8 X
Todd Browen =

Copy of Copy of UC2014 Power Gen Reports - Excel

Asset of

Time “ I ’
. B C o E F I nte reSt K L -
Pe rl Od site Mame |San Leandro Power Plant
Search Start 1/10/2014 0:00| 10-Jan-14 00:00:00 unit Mame [Unit 1
4 search End | ¥ 24-Mar-14 14:17:41 Pump Hame |Boiler Feed Pump #1 |
a
2 | Pump Information [Pl AF] VIBRATION DATA PRESSURES BEARING TEMPERATURES
Inboard Bearing Vibration Inboard Bearing Outboard Bearing| Discharge Inboard Bearing| Outboard Bearing|
. X Vibration ¥ Vibration X| Outboard Bearing Yibration Y| Bearing Ol Pressure| Control Oil Pressure Pressure| Suction Pressure Temperature Temperature
Rea I TI m e 10 UOM mils mils mils mils psi psi psi psi deg F deg FJUOM
. n Value at Start: 10-Jan-14 00:00:00 156 1.33 1.50 155 15.04 32.33 3675.56 11617 135.82 122.56|Value at Start: 1
Su m ma rles 12 Yalue at End: 24-Mar-14 18:17:41 0.08 0.13 0.09 0.05 5.40 5413 28.38 5259 50.64 §1.67 |Value at End: 24
13 ini 0.05 0.05 0.04 0.04 211 28.52 -76.94 -4.00 71.54 73.44 | Mini
14 Average 105 145 1.21 1.26 14.14 3287 2796.92 123.04 12142 110.60|Average
15 i 2.36 21.00; 211 1.88 19.12 39.91 4081.23 207.12] 142.32 127.20 i
16 StDey 0.58 2.22 0.65 0.62 3.69 0.96 1667.24 46.10 23.46 16.71|5tDey
12 EF NAME EVENT CATEGORY EVENT TEMPLATE
20| Pump Events [Pl EF](281) |* |* rv
£
Minimum 0 0:05:00 Minimum #vaLUE! Excel
Average 0121522 Average #ALUE] 281 <«Bailer Feed Pump #1»> Events .
StdDey 160140 StdDev #vaLUE! 140 C h a rtl n g
Maximum Maximum #aLUE! 2
Event name Start time End time Duration | Event template Duration Minutes ;
28 | |Boiler Feed Pump #1 - Boiler Feed Pu 10-Jan-14 00:00:00 11-Jan-14 06:40:00 1 &:40:00|Boiler Feed Purnp Low Discharge Flow 1540.0 0o
29 | |Boiler Feed Pump #1 - Boiler Feed Pu 10-Jan-14 00:00:00 11-Jan-14 06:40:00 1 &:40:00|Boiler Feed Purnp Low Discharge Flow 1540.0 a0
30 | |Boiler Feed Pump #1 - Boiler Feed Pu 10-Jan-14 00:00:00 10-Jan-14 00:55:00 0 0:55:00|Boiler Feed Purmp Cavitation Anomaly 55.0 60
31 | |Boiler Feed Pump #1 - Bailer Feed Pu 10-Jan-14 00:00:00 10-Jan-14 00:55:00 0 0:55:00|Boiler Feed Purmp Cavitation Anormaly 55.0 a0
32 | |Boiler Feed Pump #1 - Bailer Feed Pu 10-Jan-14 06:35:.00 10-Jan-14 07:00:00 0 0:25:00|Boiler Feed Purnp Bearing Termp 25.0 -
33 | |Boiler Feed Pump #1 - Bailer Feed Pu 10-Jan-14 06:35:.00 10-Jan-14 07:00:00 0 0:25:00|Boiler Feed Purnp Bearing Termp 25.0 n
34 | |Boiler Feed Pump #1 - Baoiler Feed Pu 10-Jan-14 09:35:.00 11-Jan-14 11:30:00 1 1:55:00|Boiler Feed Purnp Cavitation Anormaly 1555.0 ° cii!f;f;;::;
35 | |Boiler Feed Pump #1 - Bailer Feed Pu 10-Jan-14 09:35:.00 11-Jan-14 11:30:00 1 1:55:00|Boiler Feed Purnp Cavitation Anormaly 1555.0 Anomaly, 10
Boiler Feed Purp 41 - Boiler Feed Pu 10-Jan-14 11:45:00 10-Jan-14 12:05:00 0 0:20:00|Boiler Feed Purnp Bearing Termp 20.0
Amteed Purnp 41 - Boiler Feed Pu 10-Jan-14 11:45:00 10-Jan-14 12:05:00 0 0:20:00|Boiler Feed Purnp Bearing Termp 20.0
Boiler Feed Pump #1 - Boiler Feed Pu 11-Jan-14 01:30:00 11-Jan-14 01:50:00 0 0:20:00|Boiler Feed Purmp Bearing Termp 20.0
39 | |Boiler Feed Pump #1 - Boiler Feed Pu 11-Jan-14 01:30:00 11-Jan-14 01:50:00 0 0:20:00|Boiler Feed Purmp Bearing Termp 20.0 \a“
Eve nts 40 | |Boiler Feed Purnp #1 - Bailer Feed Pu 11-Jan-14 07:35:00  11-Jan-14 07:50:00 0 0:15:00Boiler Feed Purnp Cavitation snarnaly 50 ¢
41 | |Boiler Feed Pump #1 - Baoiler Feed Pu 11-Jan-14 07:35:00 11-Jan-14 07:50:00 0 0:15:00|Boiler Feed Purmp Cavitation anormaly 15.0 &
42 | |Boiler Feed Pump #1 - Baoiler Feed Pu 11-Jan-14 08:20:00 11-Jan-14 08:30:00 0 0:10:00|Boiler Feed Purmp Cavitation Anormaly 10.0 L2
A3 | |Boiler Feed Pump 41 - Boiler Feed Py 11-lan-14 08:20:00 11-Jan-14 08:30:00 0 0:10:00(Bailer Feed Purnp Cavitation Anomaly 10.0 EventType
44 | |Boiler Feed Pump #1 - Baoiler Feed Pu 11-Jan-14 08:25:00 11-Jan-14 08:50:00 0 0:25:00|Boiler Feed Pump Bearing Ternp 250
45 | |Boiler Feed Pump #1 - Baoiler Feed Pu 11-Jan-14 08:25:00 11-Jan-14 08:50:00 0 0:25:00|Boiler Feed Pump Bearing Ternp 250
A6 | |Boiler Feed Pump #1 - Baoiler Feed Pu 11-Jan-14 12:35:00 12-Jan-14 18:35:00 1 6:00:00|Boiler Feed Pump Cavitation Anomaly 1800.0
A7 | |Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 12:35:00 12-Jar-14 18:35:00 1 &:00:0018niler Feed Pumnp Cavitation snomaly 1800.0 T
LIVE LIVE Root Cause Compare Boiler Feed Pump Relative Produdion Summary Repert Hourly Report Daily Anormaly Investigation GLOBAL DAY Data 4 »

T Q| © P B g




Takeaways

CBM can mean different things — whom do you ask?

Pl System covers major portions of the CBM workflow
* Layers of Analytics applied to maintenance/reliability (usage-based, condition-based, predictive)

As appropriate, include machine condition monitoring data
e vibration, oil analysis, thermography...

Get started now — make Pl part of the maintenance business process

Ask about CBM workshops (speak to us or your Account Manager)

CBM Lab at Pl World 2019 - Day3 afternoon and Day4 morning



https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf
https://pisquare.osisoft.com/servlet/JiveServlet/download/128699-28383/2019 PI World CBM Lab Workbook ToC and Summary.pdf

Pl System - CBM Resources

« Corporate Site — General info and use case search, webinars,...

« CBM Guidebook — Reference material on CBM and Condition
Monitoring

« Technical Support — technical resources, downloads, questions,...
« P| Square and CBM - Lots of resources

« P| Community — Peer discussions and OSlsoft moderation, industry
groups, development resources, whitepapers, webinars,...

* YouTube — training and introduction videos
* P| Learning — online courses, course materials,....
* |ncorporating machine condition monitoring data



http://www.osisoft.com/
https://pisquare.osisoft.com/docs/DOC-3487-cbm-guidebook-version-2
https://techsupport.osisoft.com/
https://pisquare.osisoft.com/docs/DOC-2283-additional-resources
https://pisquare.osisoft.com/
https://www.youtube.com/user/OSIsoftLearning
https://learning.osisoft.com/
https://pisquare.osisoft.com/thread/32042-i-have-maintenancereliability-background-wish-to-understandimplement-cbm-with-pi-products-i-do-not-have-the-it-background-where-should-i-start

Other resources

OSlsoft Users Conf. 2016 TechCon Lab Notes Condition-based Maintenance with Pl AF

OSlsoft Users Conf. 2015 Presentation Keeping Assets Healthy — Pl System’s Role in Asset Maintenance

Calculating Asset Health Score - OSlsoft vCampus 2013 Lab Notes

PSE&G use case showing asset health score http://www.osisoft.com/Presentations/Condition-Based-Maintenance/

http://www.ni.com/condition-monitoring

National Instruments InsightCM™ Enterprise for Condition Monitoring

Allied Reliability Group AR-C10 Data Collector for Condition Monitoring

MetrixSetpoint Condition Monitoring

Emerson Vibration Monitoring



http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://cdn.osisoft.com/learningcontent/pdfs/TechCon2016_ConditionBasedMaintenancewithPIAF.pdf
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
http://www.osisoft.com/Presentations/Keeping-Assets-Healthy-%E2%80%93-PI-System-s-Role-in-Asset-Maintenance
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
mailto:gopal@osisoft.com
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.osisoft.com/Presentations/Condition-Based-Maintenance/
http://www.ni.com/condition-monitoring
http://www.ni.com/condition-monitoring
http://www.ni.com/condition-monitoring
http://www.ni.com/insightcm/
http://www.ni.com/insightcm/
http://www.ni.com/insightcm/
https://alliedreliability.com/products/ar-c10-data-collector/
https://alliedreliability.com/products/ar-c10-data-collector/
https://alliedreliability.com/products/ar-c10-data-collector/
https://alliedreliability.com/products/ar-c10-data-collector/
https://alliedreliability.com/products/ar-c10-data-collector/
http://www.metrixsetpoint.com/explore/condition-monitoring-software/product/444/system-overview
http://www.metrixsetpoint.com/explore/condition-monitoring-software/product/444/system-overview
http://www.metrixsetpoint.com/explore/condition-monitoring-software/product/444/system-overview
http://www.metrixsetpoint.com/explore/condition-monitoring-software/product/444/system-overview
http://www2.emersonprocess.com/en-US/plantweb/wireless/products/Pages/VibrationMonitoring.aspx

CBM Ideas for Workshop

* Pump / Motor Usage

 Pump / Motor Start — Stop Cycles, Duty Cycles

* Calculate Efficiencies, Anomalies, etc.

* Energy per Unit Processed (e.g. MG/D)

* Predictive / Maintenance Event Detection & Analyses

* SAP, Maximo etc. integration



Asset Monitoring and Condition-based Maintenance
(CBM) with the Pl System

* Gopal Gopalkrishnan, P.E.
* Solutions Architect
e gopal@osisoft.com

e Keith Pierce
 Technical Advisor
e kpierce@osisoft.com
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Questions? Please remember

Please wait for
the microphone gt

—
TO DOWNLOAD &

APP, SEARCH
OSISOFT st

PlWorld

State your
name & company

# Download on the GET ITON
o« App Store P> Google Play
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Merci iﬁﬂl iﬁﬂl
Danke

Cnacubo Gracias
. Thank You
aAFE L CF HOES
Grazie Obrigado

Optional: Click to add a takeaway you
wish the audience to leave with.



