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Summary

Summary

Condition-based maintenance (CBM) is a strategy where you monitor the actual condition of an asset to
decide what maintenance needs to be done — see wiki for a broad definition. We also covered CBM at
OSlsoft Users Conference 2015 — see Keeping Assets Healthy — Pl System’s Role in Asset Maintenance.

In this lab we show how to use sensor data to implement basic CBM tasks identified in the above talk:

= Exercise 1: Usage-based maintenance — Motor run hours

= Exercise 2: Condition-based maintenance — Motor vibration high condition

= Exercise 3: Predictive maintenance — Equipment failure, anomaly detection and remaining useful
life

You have several critical motors in the plant. Currently, you use calendar-based schedule (weekly,
monthly, quarterly, half-yearly, yearly etc.) to do preventive maintenance (PM) inspections and minor
repairs/service for these motors.

The motors don’t run continuously - their usage depends on the production schedule. As such, a motor
may be idle for several hours during a day and sometimes even for several days or weeks. However,
since maintenance personnel don’t have visibility into their usage, motor PM tasks are performed even
when they are not required — for example, weekly PM services on motors that have been idle for several
weeks.

Login Step by Step:

1. Loginto the machine PISRVO1
2. Username: pischool\student01
3. Password: student
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Exercise 1: Usage-based maintenance — Motor run hours

We use available sensor data for the motor — its Running/Stopped status collected by the Pl System to
create either desktop or web-based motor usage report - see sample screens below.

If a Running/Stopped status is not available, you can use other measurements such as motor amperage,
rpm etc. to infer that a motor is running, for example, Motor amps>5 or Motor rpm>200 etc.

In Exercise 1, you will learn to create reports similar to those shown below:

Using PI ProcessBook and Pl Coresight:

(‘ OSl:of. Report - Critical Motors - Run Hours Last Update: 3-12-2016
Equipment Daily Run Hours  Lifetime Run Hours  During Last Period Period Since Last Service Last Service Next Service

Agitator 1204 4.51 7,975 0 3mo 387 1/10/2016 11/10/2016

Agitator 1205

23.79 10,119 2,154 3mo 409 2/23/2016 10/3/2016

Agitator 1304 2349 9,908 2,118 3mo 697 2/11/2016 12/13/2016

Agitator 1305 23.49 9,908 2,118 3mo 697 2/11/2016 12/1/2016

Fan 5163 19.71 8,554 1,174 3mo 2,664 1011/2015  5//2016
Fan 5164 23.97 9,202 2,022 3mo 3,566 10202015 5212016
Fan 8144 9,839 2,112 3mo 3,635 10/5/2015  5/5/2016

Pump 3809 15.18 8,587 1,949 3mo 3218 10/10/2015  5/10/2016

Pump 3810 9,618 2,079 3mo 3,837 9/232015  7/1/2016

Using Power BI or SQL Reporting:

REPORT - All Critical Motors - Run Hours

Equip... ¥ Yesterday Lifetime Last Period Period Since LastService Last Service Next Service
Fan 5164 24 7732 1153 390d 7732 10/2/2015  5/2/2016
Fan 5163 24 7874 1133 90d 1984 10/1/2015  5/1/2016

These reports provide easy access to equipment usage data for maintenance personnel and provide the
basis to change over from calendar-based PM to usage-based PM and eliminate unnecessary and
wasteful maintenance work.
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Exercise 2: Condition-based maintenance — Motor vibration high condition

In condition-based maintenance, sensor data from the motors such as vibration, bearing temperature,
windings temperature etc. are continuously monitored for warning signs that indicate imminent
malfunction or failure. You are notified via email or sms regarding such conditions, say, motor vibrations
that are higher than a threshold or rising rapidly.

The notification can include links to Pl Coresight displays which can provide additional context to the
triggering event, i.e. high vibration. You can also acknowledge the event, enter comments and add
appropriate media (picture, audio, video etc.) to the event — as shown by the screens below.

(@) Pl Corssight - Bailer Fese %

€ = C | [3 dfpicoresight/Coresight/#/PBDisplays/10073 =

O Pl CQresight 228 Boiler Feedpump Overview Ad Hoc Display

" Boiler feed water pump — motor vibration is increasing

3/25/2015 7:40.22 AM < 1d > m 31262015 7:40:22 AM
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) pisrvO1:at £ ~ & | P Coresight - Ex2 Bearing 0. ||

@ pi Coresight

o Pl Coresight @ NewDisplay | PISCHOOLIstudento1

Assets Display: Ex2_Bearing Overview  Asset: | Pump 8209 ¥ + Ad Hoc Display BU

= B
Inboard Bearing Outboard Bearing

Search in P| System ﬂ Pu mp 8209 x X Power (kW)

| E Energy Management... > 1.18533 1.72352 1965
 PISRVO1 > Y Y s
1.38071 1.73093 935

Attributes

1
Inboard Bearing Temperature ) A’ Outboard Bearing Temperature
EL 119.623 °F

[ 3n2r016

You can also have a watch-list with condition monitoring alerts from various equipment in Pl Coresight
2016 — see below:

Pl Coresight

:) Back Boiler Overheat 2015-11-06 7:21:44 AM

Event Details:
Events HENE G Boiler Overheat Template Name

Boller Dverheat 2015-11-06 7:1.. CRIMCAL  7:21am— In Progress (20 min) it 6 Comments

11/06/2015 7-21am - now

Add Comment

View Details | | Kare

[l Reloted Evenit 320151106 6:1...
Related Event 1 2015-11-05 3
[l Related Event 2 20151105 6:1...>
[l Related Event 3 20151105 2:1..
[l Boiler Overheat 2015-11-04 6:1...
[l retated Fue 015-11-03 5:2...
[l Retated Event 2 50151102 61

[ Boiler Overheat 2015-11-01
Related Event 12015-11-01 112
I Redated Event 2 2015-10-31 O:1...5
[l fielated Fvent 2 2015-10-31 ¢
[ Relared Fuent 3

Actions and Comments {4]

l Stan Operator commer|©
4 minago

perspiciatis unde omnis s
Huptate explicabo.

8 11/1 115 7:41:52 AM

Trigger ATribute Event Start Sparkiine Avg Min

[] Showall onTrend
e Level psi 87 89 87 70 %0
& Temperatura deglC 87 294,452 d - 87 70 90
Variable uom B7 8aq

15-11-0

Aftributes

OO0F®

Temy ure: .
SHIRE RS 1R Variatle Uom 87 59

Pressure: 68
Flow Rate: 2D
Variable 1:12

Vasiahie 9003

Evant Attribute Unit Event Start Event End Sparklina

[ Showallon Tiend
O

s \ariable LoM 87
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Exercise 3: Predictive maintenance — Equipment failure, anomaly detection and
RUL (remaining useful life)

In this exercise, we review the predictive model created in Data Science for Machine Learning and
Predictions based on Pl System data lab (also referred as the Machine Learning lab) to flag equipments
showing signs of imminent failure. Predictive equations may be deployed using:

= Pl AF analytics, or

= Using an external script and Pl System Access tools such as Pl Web API to periodically read data
from the Pl System, perform the necessary predictive calculations, and finally, use Pl Web API to
write back the prediction to the relevant AF attribute(s) in the Pl System.

In this lab, we show the Pl AF Analysis based approach as illustrated by the screen below:

=] \\PISRVO1\Engines - Pl System Explorer (Administrator) = I:..-
File Search View Go Tools Help
'@ Datobase [ Query Date ~ © @ (@ Back () |H, Checkin ¥} « [ Refresh | New Element = Search Elements P~
Elements Engine_1
o) E;rnéntsl . ||| Gereral | chid Elements | Attributes | Ports | Anclyses | Version |
b NgiNg.
g Engm-m o = | Name: PredictFailure
g EE:Q!”E-? e @ @ Name Backfilling Description:
i g En:::?u @ @ | Engine Failure Events ot = il
.. @ Engine_13 =|[| @ m i EngineRuntime e
J Engine_14 ® B fw PredicFailure ] Analysis Type: (@) & Follup
- g ;z:::_iz @ ® fw RunsAtfariiest WillFail_Prediction @
.. § Engine_i7 —
- (§ Engine_18 ] - E = =
& Engine_13
e
& Engine_20 Name  Expression Value Output Attribute
b () Engine_21 | =
& Engine_22 zpel |+('settingl'-(-6.89603555))/9.892185‘9.89358{-(‘settiﬂgz'—(8.9%695923)]/2.8982932’9.923137+('52'—(642.5)]/| |z:_‘ | -
b Engine_23
g Enz:::-zq +('settingl’-(-0.80003555))/6.862185%0.00358+( ‘setting2’ -(0.000005623) ) /0.006203278. 803137+( 52’ - (642.6) ) /6.5644%8.2735 |
. § Engine_25 +('53"-(1590))/6.187%0.2604+( 's4' - (1408))/9.0877*8.3006+( 's6'-(21.61))/8.801539%8.08636+( " 57 -(553.5))/0.8984%-8.2995
i g +('s8°-(2388))/0.67389%0.2847+( ‘59" -(9065))/22.72%6.08204+( 's11'-(47.51))/0.2781%0.3091+( ‘512" - (521.5))/6.7517%-0.3049
& Engne27 +('s13'-(2388))/0.087485%6.2845+( ' 514" - (8144))/19.8%8.84164+( 's15'-(8.439))/0.083783%6.2868+( "s17'-(393.1) )/1.562%0.2686 =[
B e
& Engine_29
- (G Engine_3 zpe2  |+('settingl’-(-2.00883555))/0.092185%8.08467+( s=tting2 ' -(0.@00005023))/0.000293270.808095+( ‘52" -(642.6))/
(A Engine 30 7
= pemad | (zpcl+Prevval('pel’, ' * " J+PrevVal( ‘pcl’,PrevEvent('pcl’, '*")))/3 g of last lues Map illi
if pcma3»6.s
=i ot Frames Failure|then "Will Fail" Precicted S v
] Library
=2 Unit of M. e Scheduling: (@) Event-Triggered () Periodic Achiarced.)
]@ Analyses Triggeron | Any Input =] ® Connected to the Pl Analysis Service.

The external script approach is discussed in the Machine Learning Lab notes.
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The PI System Architecture for this Lab

In order to complete the following exercises, the Pl System will need the following components installed
and running:

Recommended Version

Software (used in this lab)

Pl Data Archive 2015 R2

Pl Asset Framework (Pl AF) server 2016

Pl Asset Framework (Pl AF) client (Pl System Explorer) 2016

Pl Analysis & PI Notifications Services 2016

Pl Coresight 2016

Pl DatalLink (Microsoft Excel 2013) 2015

Pl ProcessBook 2015

Pl Integrator for Business Analytics 2016
Microsoft Power Bl Desktop 2.31.4280.361

Disclaimer: Severd of the Pl System Components used in this lab are pre-release versions, and as such
some of the user screens may be different from thosein the final rel eased software.

10|Page



The Pl System Architecture for this Lab

Pl Analysis /
gl Notifications
Senices

Pl DataLink

Pl Pl (Microsoft

ProcessBook Coresight

( Excel)
I Pl Data Pl Asset [j
Pl Interface Archive Framework (‘ ."l

Pl Integrator
for Business
Analytics

Microsoft

Power Bl

Work
Management

System/
CMMS

1. Time-series sensor data flows into the Pl Data Archive from a Pl Interface, itself connected to a
Data Source.

2. Itis then contextualized in Pl Asset Framework (Pl AF). Pl AF can also reference external data
such as those from Work Management systems.

3. The PI Analysis service and the PI Notifications service perform analyses that use Pl AF
Attributes as inputs and outputs. The outputs can be stored in Pl Tags in the Pl Data Archive.

4. Pl ProcessBook, Pl Coresight, Pl DataLink are used to visualize Pl Server data.

5. Microsoft Power Bl can be used to visualize data from the Pl Server. It can be done in several
ways; we recommend using the latest Pl Integrator for Business Analytics to publish the Pl
System data in a table format for Business Intelligence (BI) tools.
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Exercise 1 — Usage-Based Maintenance - Motor Run Hours

The step-by-step instructions below show how to use the Pl Asset Framework (AF) and AF Analysis to
calculate motor run hours. This assumes the Pl System holds information that allows you to determine
when a motor is running, or not running. In this example, the Pl Data Archive holds a tag storing the
Running Status of the motor (0 = Not running; 1 = Running).

If a status tag is not available, it can be calculated by evaluating the amperage of the motor, or the
motor rpm, or another appropriate measurement. For example, IF 'RPM'>=10 THEN "Running" Else "Not
Running".

Step 1. Locate the Running Status and RunHours Attributes
1. Open Pl System Explorer, connecting to the Energy Management CBM PI AF database. If the
top bar of the window doesn’t show \\PISRVO1\Energy Management CBM, then click on the top

toolbarla Database ‘ button and select the Energy Management CBM database.
2. Navigate to Fan 5163 asset from the Elements section.
Fan 5163
= A.ssets |_G$a.\-ia'vild Elementsi Attributes !Pnrts_i Analyses | Motifications | Version |
+- [} Devices i
—I- [} Rotating Assets Fiter o
— (9 Agitator 1204 ‘I + | 8 name | value @
- [ Agitator 1205 ] Category: Bearing Details
[l Agitator 1304 Bl (=] Category: Identification
— (9 Agitator 1305 m | =] AssetName Fan 5163
Eﬁ = =] Asset Size Medium
- [ Fan 5164 ] =1 Asset Type Fan
¥ Fan 8144 [ Category: Performance
- [ Pump 3809 B (2 Category: Raw Data
- [ Pump 3810 L] & Power 85.19495 ki
# Pump 5301 @ .4 Production Rate | 19.25698 tid
- [ Pump 5302 o <7 Running Status .1
- [ Pump 8209 B [ Category: Run Hours
- [ Pump 8210 B¢ | ¥ Daily RunHours 24h
B¢ | ¥ LastUpdate 3-21-2016
04 | & Lifetime RunHours .3705. 185h

3. Select the Attributes tab, then locate and examine the Running Status, Daily RunHours, and
Lifetime RunHours attributes. The Running Status attribute references a raw Pl Tag, while the
Daily RunHours and Lifetime RunHours are being calculated using a Pl AF Analysis (hence the €
icon shown next to their names).

4. Expand the RunHours During Last Period attribute. It is configured as a Formula and subtracts
two values of the Lifetime RunHours attribute taken at two different times, defined by the
selected zPeriod attribute.
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Exercise 1 — Usage-Based Maintenance - Motor Run Hours

= Category: Run Hours
5 € | ¢¥ Daily RunHours 24h
B4 | ¢F LastUpdate 3-21-2016
’ € | ¢ Lifetime RunHours 8705.185h
= =] RunHours During Last Period 1068.699 h
= ¥ Lifetime RunHours Peried days ago 7836486 h
= =| Period -3mo
Ll =] RunHours Since Last Maintenance 2815483 h
= =1 zlast Maintenance 10/1/2015
= =] zMext Maintenance 512018
=1 zPeriod 3mo

Note how the Lifetime RunHours Period days ago attribute references the Lifetime RunHours
attribute at a point in time, taken from the Period sub-attribute by using a substitution
parameter of the form %@Period%:

Pl Point Data Reference -
Data server: PISRVO1
() Tag name: ‘ |
(®) Attribute: ‘ILifetime RunHours v ‘

Unit of Measure
Source Units: h

Value retrieval methods

By Time: |Automatic v ‘
Relative time:
By Time Range: |Start Time v ‘
Calculation basis: Time Weighted
Min percent good: 80

5. Modify the value of the zPeriod attribute by making a selection from the available choices.

3mo v
14d

1d

imo

1E

6mo
7d

6. Refresh the window by using the Z|Refresh top toolbar button, and note the change in the
RunHours During Last Period attribute value.

7. Similarly examine how the RunHours Since Last Maintenance attribute is being calculated. That
should lead the discovery process towards a Pl AF Table (accessible from the Library section of PI
System Explorer) containing maintenance dates:
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Asset + LastMaintenance  NextMaintenance AssetType AssetSize VibrationLimit
Agitator 1204 1/10/2016 11/10/2016 Agitator Medium 3
Agitator 1205 2/23/2016 10/3/2016 Agitator Large 3
Agitator 1304 2/11/2016 12/13/2016 Agitator Large 3
Agitator 1305 2/11/2016 12/1/2016 Agitator Medium 3
Fan 5163 10/1/2015 5/1/2016 Fan Medium -1
Fan 5164 10/2/2015 5/2/2016 Fan Medium -1
Fan 8144 10/5/2015 5/5/2016 Fan Large -1
Pump 3809 10/10/2015 5/10/2016 Pump Small 3
Pump 3810 9/23/2015 7/1/2016 Pump Small 3
Pump 5301 11/20/2015 8/1/2016 Pump Medium 3
Pump 5302 11/11/2015 8/23/2016 Pump Medium 3
Pump 8209 12/2/2015 9/1/2016 Pump Large 3
Pump 8210 10/2/2015 5/2/2016 Pump Large 3

These dates are often available in a maintenance/work managment system (such as IBM
Maximo, SAP PM, Oracle eAM, Infor etc.), and are referenced in PI AF.

NOTE: The details of integrating maintenance dates with an actual work management systems is outside
the scope of thislab. As such, we simply use an AF table containing such dates to illustrate the concept.

Step 2. Examine the Run Hours Analysis

1.

Go to the Analyses tab for asset Fan 5163, and select the Ex1_Run Hours analysis to examine

the variables and functions being used:

\General | Child Elements | Attributes| Ports \ Analyses \Nntiﬁcations|\lersion\

|
ﬂo =
@

] Name

& Ex1_Run Hours

Backfilling
]

H  Ex2_High Bearing Vibration

Name:

Description:

H Categories:

Analysis Type:

Ex1_Run Hours

(® Expression

(O Rollup

(O Event Frame Generation O sQc

Evaluate Now ﬂ

Name

DailyHrs

Expression

TimeEq('Running Status','y','t',1)/3600

Value Output Attribute

Daily RunHours ‘@

LifeHrs If Badval('Lifetime RunHours') And EventCount('Lifetime RunHours','*','*-5@d')<=1 Then @ Else If Badval(' Lifetime RunHours |(X)
If BadVal('Lifetime RunHours') And EventCount('Lifetime RunHours','*','*-5@d')<=1 Then @ Else If BadVal('Lifetime

RunHours') Then NoOutput() Else 'Lifetime RunHours'+DailyHrs ,
LastUpdate |Concat(String(Month('*')),"-",String(Day('*')),"-",String(Year('*'))) ‘ Last Update ®

Add a new variable

Scheduling:

(O Event-Triggered

(@) Periodic

Advanced...

Run every day at 12:30 AM Configure

® Connected to the Pl Analysis Service.

a. The first row calculates the DailyHrs variable, storing results to the Daily RunHours
attribute. It uses the TimeEq() function to calculate the amount of time the Running
Status attribute has been equal to 1 (Running) during the past day. Basically, the
number of hours the motor has been running in the past day.
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Exercise 1 — Usage-Based Maintenance - Motor Run Hours

b. The second row calculates the LifeHrs variable, storing results to the Lifetime RunHours
attribute. It acts as a totalizer, adding the previously calculated daily hours to the total
lifetime run hours. Note the various If-Then-Else statements to ensure the good state of
the Lifetime RunHours attribute, before attempting to add the DailyHrs variable to it.
The first condition resulting in a 0 value is there to make sure of a successful
initialization the first time the expression is executed.

c. Finally, the last row is simply generating a string indicating the last time the expression
was executed, and storing it to the Last Update attribute. This can be useful information
to display on a report.

2. Click the Evaluate Now button on the right to see the results that would be stored if the analysis
was to be executed right now.

3. Right-click the analysis from the top section and select Lﬂ New
Preview Results. Then enter a time range of interest, for > | Delete
example from t-10d to t. |@ Preview Results
Trigger Time DailyHrs LifeHrs LastUpdate &% | Backfill
12/20/2015 12:30:00 AM | 22.7 7596.9 |12-20-2015 B | Backfill Status

12/21/2015 12:30:00 AM | 16.433  [7613.4 |12-21-2015
12/22/2015 12:30:00 AM | 23.133  |7636.5 | 12-22-2015

12/23/2015 12:30:00 AM | 24 76605 [12-23-2015 "

12/24/2015 12:30:00 AM|19.95 | 7680.4 |12-24-2015 “&l | Convert to Template
12/25/2015 12:30:00 AM [ 2075 [7701.2 [12-25-2015 43 | Copy

12/26/2015 12:30:00 AM | 24 77252 [12-26-2015

12/27/2015 12:30:00 AM | 21.183  |7746.4 | 12-27-2015
12/28/2015 12:30:00 AM | 23.95 77703 |12-28-2015
12/29/2015 12:30.00 AM | 17.817 |7788.1 | 12-29-2015

. . Check Out
4. Note that the analysis has no E symbol next to its name, v eck
meaning it is not associated with the Element Template @ | Security...

yet. This information can be validated by navigating to the Fan 5164 asset and confirming that
Ex1_Run Hours analysis does not exist.
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Step 3. Deploy the RunHours Analysis to the Whole Fleet
1. Deploy the analysis from Fan 5163 to the whole fleet of motors (fans and pumps) by right-
clicking the analysis from the top section and selecting Convert to Template.

Fan 5163

‘ General | Child Elements | Attributes | Ports | Analyses |Versinn|

i

@

=

=]

Jud

Name

Ex1_RunHours

Backfilling
]

New

Delete

Preview Results
Backfill

Backfill Status

M & B X Es

Convert to Template

|

2. Confirm the analysis now exists for other assets, like for Pump 3809, and click on the Evaluate

button to see the current result.

3. Check in the changes by clicking on the ldv Check In button from the top toolbar.
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Exercise 1 — Usage-Based Maintenance - Motor Run Hours

Step 4. Backfill the Newly Created Analyses

1. Navigate to the Analyses main section of Pl System Explorer (available from the bottom-left
corner of the application).

7 Elements

== Event Frames
] Library

=™ Unit of Measure

34 Contacts
B}}]Analyses
2. Backfill the Ex1_Run Hours analyses from this window by following these steps:

a. Select the Ex1_Run Hours analysis from the left section, by first filtering for Analysis
Template

b. Check all instances of that analysis from the middle section

c. If not all analyses are showing the @ icon, then click the Start X selected analyses link
from the upper-right section.

Analyses Analyses
Ch i 2
T filter 9 total analyses selected (9 on this page) 1-90f9 <[> Operations
Analysis Template v
Status B  Element Name Template Backfilling Start 9 selected analyses
No Template (0)

Stop 9 selected analyses
v | Assets\UFL\UCAssets\Fan 5163 Ex1_RunHours Ex1_RunHours ) Stop 9 arlodded oalyecs
UFL.Rotating Templates\DownTime (9)

UFL.Rotating Templates\RunTime (9)

Backfill 9 selected analyses
Jta | Assets\UFL\UCAssets\Pump 8210 Ex1_RunHours Ex1_RunHours

]
(]
e Assets\UFL\UCAssets\P 8209 Exi_RunH: Exi_RunH; :00: e
UFL.Rotating Templates\Ex1_RunHours (9) v () il ) S ot il = daliie Start ‘1/1/2015 12:00:00 AM H
@ o Assets\UFL\UCAssets\Pump 5302 Ex1_RunHours Ex1_RunHours End ‘x [
@ 4w Assets\UFL\UCAssets\Pump 5301 Ex1_RunHours Ex1_RunHours -
@ 4o Assets\UFL\UCAssets\Pump 3810 Ex1_RunHours Ext_RunHours
i Assets\UFL\UCAssets\Pump 3809 Ex1_RunHours Ex1_RunHours
© AL \ i = — Event frames in the time range are deleted
@ 4o Assets\UFL\UCAssets\Fan 8144  Ex1_RunHours Ex1_RunHours before backfilling begins. The time range is
@ 4o Assets\UFL\UCAssets\Fan 5164  Ex1_RunHours Ex1_RunHours expanded to include event frames that start

or end inside the specified range. End time is
adjusted to exclude active event frames.

For expression and rollup analyses, existing

d. Finally, launch the backfill process from the top-right section. Backfill the
data from January 1%, 2015 as shown below. Click the Queue button to
launch the backfilling process.

3. Note the progress of the backfill from the bottom-right section.

oy

Reset to Template
New Analysis

Create or Update PI Point

S, Categorize...

4. Once completed, confirm the data has been successfully backfilled Limits...
by selecting the Fan 5164 from the Elements main section of PI FEEEHE
System Explorer, right-clicking its Daily RunHours attribute and Time Series Data...

Trend

selecting Trend. Add to Trend

Change Display UOM
Hide Excluded Attributes
2] Refresh

=3 Copy
Copy Cell
Copy Path
Paste

A7 Properties
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Step 5. Display the results in Pl Coresight
1. APIProcessBook display file has been created to display the results. It was published over the
Web using the Pl Coresight Web application.

(‘ OSl=ci. Report - Critical Motors - Run Hours Last Update: 3-12-2016
Equipment Daily Run Hours Lifetime Run Hours During Last Penod Period Since Last Service Last Service Next Service
Agitator 1204 7,975 0 3mo 387 1102016 11/10/2016
Agitator 1205 10,119 2,154 3mo 409 2232016 10/3/2016
Agitator 1304 9,908 2,118 3mo 697 211172016 12/13/2016
Agitator 1305 9,908 2,118 3mo 697 2112016  12/1/2016
Fan 5163 8,554 1174 3mo 2,664 1011/2015  5/1/2016
Fan 5164 9,202 2,022 3mo 3,566 10/2/2015  5/2/2016
Fan 8144 9,839 2,112 3mo 3,635 1052015 5/5/2016
Pump 3809 8,587 1,049 3mo 3218 10/10/2015  5/10/2016
Pump 3810 9,618 2,079 3mo 3,837 91232015 7/1/2016

2. Open Internet Explorer from the taskbar, and then use the PI Coresight link from the bookmark
bar to navigate to the PI Coresight home page.

3. Once on the home page, the Ex1_Motor Run Hours Report should be visible. If not, use the left
navigation to select ProcessBook Displays >.

4. Modify the time range at the bottom to inspect the values at different times, for instance any
day in 2015.

Step 6. Report the Results in Microsoft Excel with Pl DataLink (optional)
1. Open the Excel spreadsheet from the machine desktop, named Ex1_PI DatalLink Report.xIsx.
2. Validate it shows data for all rotating assets.

= M Ex1_Step5_Report - Excel
FILE HOME  INSERT  PAGE LAYOUT FORMULAS DATA REVIEW VIEW = PIDATALINK  PIBUILDER

B 4 GR o ' Q5§ @3

Current Archive Compressed Sampled Timed Calculated Time  Explore Compare Search Asset Properties Update

@
Value Value ~ Data ~ Data~ Data Data - Filtered ~ - - - Filter @ Help
Single Value Multiple Value Calculation Events Search Properties Update  Resources
C19 - Je
A B C D E F G H
RunH Si
Full Path Equipment Daily RunHours HifStime LS i zPeriod = T.:;: = gtase 2NExe
quip! Y RunHours Last Period i Maintenance Maintenance
aintenancy
1 =1 = - | - | - | - | o
2 \\PISRVO1\Energy Management\Assets\UFL\UCAssets\Fan 5163 Fan 5163 8161.802734 1222.083984 3mo 2295.95166 10/1/2015 5/1/2016

18| Page



Exercise 1 — Usage-Based Maintenance - Motor Run Hours

Step 7. Analyze the Results in Microsoft Power Bl (optional)
For more details on how to accomplish Power Bl reports, please refer to the Operational Insights using
Real-time Dashboards and Self-service Business Intelligence lab. Here, the Pl Integrator for Business

Analytics is used to publish the 2015 dataset to be visualized in Power Bl Desktop.

1. Open the Ex1_Power Bl Report.pbix file from the desktop.
2. Use the various slicers/filters to dynamically change the aggregations being performed by this

business intelligence tool.

@i e Ex1_Power Bl Report - Power Bl Desktop [= =
Home Modeling ~0
Cut L — p— ] l = Text Box. [j
[EES| , == |
1|52 L B il g L g a0
PN ot Comotpainger Ot Recent Enter | Edit  Refresh New New cpo . Page New  Publish
AR Data~ Sources~ Dats  Queries Page~ Visual T View= R Measure =
Clipboard External Data Insert View Calculation: har
Visualizations
Daily Run Hours Average by Asset (hours)  Asset Type Asset Size
Asset Size ®large ®Medium ®Small Agitator Large — ||
Fan Medium |
Pump Small « B Rotating Assets

PAGE 10F 1

2276

2178
2133

2099

1732

Page 1 +
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Exercise 2 — Condition-Based Maintenance - Motor Vibration High

Condition
For critical assets, you want to be informed as soon as you as the data you are monitoring indicates a

potential malfunction or equipment failure — for example, the two large pumps of this site - Pump 8209
and Pump 8210.

This exercise looks at evaluating a simple condition to determine whether or not a check and/or
maintenance should be performed for the asset. Then, it looks at the notification capability of the PI
System, more specifically at sending an email notification if an action needs to be taken for the pumps.
The bearings are the pieces that will be evaluated in the Pl Server for those pumps, and specifically
vibration and temperature measurements will be used to assess the equipment’s condition.

More complex logic/rule to determine the asset’s condition could be performed in the Pl Server, or even
externally. Exercise 3 discusses how you can use external tools with Pl System data to perform
advanced analytics/machine learning and bring back the results to the Pl System for predictive
maintenance.

Step 1. Examine the Available Information in Pl AF
1. Open Internet Explorer, navigate to the Pl Coresight home page and open the Ex2_Bearing
Overview display. Try switching the Asset pick list from Pump 8209 to Pump 8210.

Display: Ex2_Bearing Overview Asset: | Pump 8209 ¥ EU

Inboard Bearing Outboard Bearing
Pump 8209

X X Power (kW)
1.47796 1.60361 196

Y Y
2.02082 1.76652
‘ -

Inboard Bearing Temperature | S &' Outboard Bearing Temperature
128.723 °F 119.98 °F

2. Navigate to element Pump 8209 in Pl System Explorer, and look at its Attributes.
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Exercise 2 — Condition-Based Maintenance - Motor Vibration High Condition

3. Expand the Bearing Details attribute category. Available are information on the following:

Pump 8209
| General | Child Elements | Attributes | Ports I Analyses | Notifications i Version |

| Fiter P -
{f: 4 8 % B Name 4| Value Tl el
E C-:! Category: Bearing Details

. ] . =] Bearing Vibration High Limit . 3 mils
] l ¥ Inboard Bearing Temperature ;81. 232 °F
B . ¥ Inboard Bearing Vibration X D 1306752 mils =
. &# Inboard Bearing Vibration 01080904 I';'Ii|‘5 .......
] . «* Outboard Bearing Temperature :81.3191? =

.-* ] . ¥ Outboard Bearing Vibration X .0.054}"98 mils
B . &% Duthoard Bearing Vibration Y ;.0.056 mils [ N

There are two bearings for each pump, one inboard and one outboard, with each having two
sensors for capturing movements on the X and Y axis. Bearing temperature in degrees

Fahrenheit is also available.

Step 2. Confirm the Event Frame Generation Analysis is Working
1. Each one of the bearing vibration measurement is being evaluated against the Bearing Vibration
High Limit. Event frames are being generated when values go above that limit. From the
Analyses tab, select the Ex2_High Bearing Vibration analysis and take a look at the Start trigger,
as well as the Variables definition used to simplify the syntax.

Name Expression

@ Variables

Limit 'Bearing Vibration High Limit'
InXFault 'Inboard Bearing Vibration X'>Limit
InYFault 'Inboard Bearing Vibration Y'>Limit
OutXFault 'Outboard Bearing Vibration X'>Limit
OutYFault 'Outboard Bearing Vibration Y'>Limit
(B Start triggers

StartTriggerl|If InXFault Or InYFault Or OutXFault Or OutYFault Then True Else False
B End trigger

EndTrigger Type an expression (optional)

2. Click the Evaluate Now button to verify if the trigger is currently active or not.

3. Right-click the analysis name from the top section and select =8 Go to Template | |n the analysis
template, the Severity drop-down can be used to categorize different events based on their
importance.
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Major

None
Information
Warning

Step 3. Finalize the Configuration of the Notification Trigger Rule
1. Optionally, it is now possible with PI AF 2016 to enable the notification feature on top of an
Event Frame. To access this option, select the Notification Templates tab for the Rotating Asset
Template.
2. For the High Bearing Vibration Notification Template, click on the Edit Trigger link from the
Trigger section.

€ Trigger
A notification will be triggered when an event frame is created that satisfies all of these criteria.

Referenced Element Template = Rotating Asset Template

Template = High Bearing Vibration

Edit Trigger

3. Since notifications are only desired for the two large pump assets, Pump 8209 and Pump 8210,
two attribute value criteria will be added, as shown below:

Trigger Criteria

A notification will be triggered when an event frame is created that satisfies all of these criteria.

Referenced Element Template  Rotating Asset Template

Name

Category |

Template | High Bearing Vibration

Attribute Value Asset Size ~ || Equal v | Large 3 X

Hence only when event frames will be generated for pumps 8209 or 8210 will it also trigger a
notification.
4. Save the changes by clicking on the [Ev Check In button from the top toolbar.
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Exercise 2 — Condition-Based Maintenance - Motor Vibration High Condition

Step 4. Customize the Student Contact Email Address
1. Since the goal is to receive an email notification when the vibration is too high, a preferred email
address should now be chosen to test the email delivery. Navigate to the Contacts section of Pl
System Explorer.

(7 Elements

== Event Frames
i Library
= Unit of Measure

& Contacts

&E] Analyses
2. Expand the Contacts folder, click on New search..., and search for the contact named Student.

-1 =¥ Contacts L
2 New search... Search Contacts
= Escalation Teams
v Groups Name v = [studend] |
v Delivery Endpoints [ ok |[ Cael |
& student01

3. Select the Student contact and modify its Email address field accordingly.

Contacts Student
@ New - ¥ Search cont. »~ Name: |Student
=¥ Contacts S -
Description:
) New search... - > |
=]~ Name = "student*" Department: |

+ %2 Student " . |
& student01 Manager:

& student02 Web

T
+ & student03 ; :

:  |MyEmail@outlook.com
£ & student04 Email address: | Yl @
+ & student05 IM address: |

B bdantne

4. ldvChecklIn the changes.

Step 5. Confirm your Subscription to the Email Notification
1. Navigate back to the Library section of Pl System Explorer.
2. For the High Bearing Vibration notification template, click on the View/Edit Subscriptions link
from the Subscriptions section.

€) Subscriptions

There are currently 1 subscribers to this Notification.

View/Edit Subscriptions

Manage Formats

3. Confirm the Student - Email entry is present, meaning a triggered notification would send an
email to the configured email address for that contact. Note the Notify Option can be set to
send an email both at the beginning and the end of an alert.
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Subscriptions

Name Message Format Notify Option
{=3 Student - Email New Format v & Eventstart v

4. The pencil icon (#") next to the Message Format column can be used to modify the message

formatting to be sent via email. This is useful if the same alert needs to be sent to two different
contacts in the enterprise with different roles, hence not necessarily requiring the same amount

of details on a particular event. For the purpose of this lab, the message format already selected
will be used.

Step 6. Force the Triggering of the Notification Rule
1. The trigger rule in this case will generate an event frame whenever one of the vibration reading

goes above the limit of 3 mils. In order to test the email delivery, the Inboard Bearing Vibration
X attribute will be manually sent a value above that limit. First navigate to the Elements section
of Pl System Explorer.

Select the Pump 8209 asset and its Inboard Bearing Vibration X attribute.

From the configuration pane on the right, highlight the Value: field. Entering a value in that field
and hitting the Enter key on the keyboard will cause that entered value to be sent to the Pl Tag,
and will trigger a notification if that value is above 3 mils. Enter a value greater than 3 in that
field and hit Enter.

Q \\PISRVO1\Energy Management CBM - PI System Explorer (Administrator) - o I
File Search View Go Tools Help

@ Database [] Query Date - (® @ © Back H, Check In %) « (2] Refresh (3 New Element - New Attribute [Search Elements P

Elements Pump 8209

& Elements | General | Child Elements| Attributes | orts | Analyses | Notifications | version |

— (3 Assets Group by: V] Category || Template
+- @ Devices Filter P v ‘ Name: Inboard Bearing Vibration X
—~ ( Rotating Assets
& Agtator 1204 7% 8.6 8 Name & Value YR T —
(3 Agitator 1205 B =l Category: Bearing Details Properties:
(9 Agitator 1304 . - -
£ Agitator 1305 L] — Bearing Vibration High Limit 3 mils Categories: Bearing Details =
(9 Fan 5163 8 & Inboard Bearing Temperature 130.1204 °F Default UOM: one-thousandth of an inch
- (3 Fan 5164 ; + . =
9 Fan 8144 @ ;(," Inboard Bearing Vibration X 14.6981 mils Value Type: Single
3 Pump 3809 (] &% Inboard Bearing Vibration Y 1.999882 mils Value: 4.6081 _mils}
(9 Pump 3810 | . -
a Pumg 5301 s ¥ Outboard Bearing Temperature 119.2711 °F = Data Reference: | Point bt
3 Pump 5302 ] (," Outboard Bearing Vibration X 1.600579 mils ‘ Settings... l
(9 Pump 8209 7 R . 1
L} & Outboard Bearing Vibration Y 1.760992 mils B\PISRVOI\NBFPT BRG #2 VIB
~ @ Purp 8210 |(INBOARD);UOM=mils;ReadOnly=False

(3, Element Searches B =l Category: Identification ‘

4.

] 1 Asset Name Pump 8209

Wait a few seconds and an email should be delivered to the previously configured email
address.

Step 7. Check the Notification in Pl Coresight

1.

Once the email is received, notice the information displayed, and specifically check for the two
links at the bottom. Both server the same purpose, that is to allow an end user to review the
alert in the PI Coresight Web application. One allows to do this within the lab VM environment,
the other one is to access Pl Coresight from the outside world, say on a tablet, phone, or any
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Exercise 2 — Condition-Based Maintenance - Motor Vibration High Condition

personal device connected to the internet. Click the appropriate link to access the Pl Coresight

page.

| N T High Bearing Vibration for Pump 8209 - Message (HTML) & - u

“ Message Q Tell me what you want to do

Fri 11-Mar-2016
pismtprelay@gmail.com
High Bearing Vibration for Pump 8209
To B Louis-Philippe Page-Morin
O i message was sent with High importance.

Click the following links to review this event

Locally from the lab computer:
http://PISRV01:8080/Coresight/#/EventDetails?mode=kiosk&server=pisrv01 &eventid=90c0f339-453e-4375-0000-000000003ef7

From a personal device (like a tablet or a phone):
http://2475vlecs2.cloudapp.net: 8080/Coresight/#/EventDetails?mode=kiosk&server=pisrv01&eventid=90c0{f339-453e-4375-0000-

000000003ef7

IMPORTANT: Thelab VM machine name will be different for every student, please make sure to edit
the machine name, here shown as 2475vlecs2.cloudapp.net, with the machine name that was assigned to

you.

2. If asked for credentials, use the pischool\studentl user with the student password to login.

iexplore.exe
Connecting to 2475vlecs2.cloudapp.net.

‘ pischool\student01 ‘

el [....... |

Domain: pischool

D Remember my credentials

3. From the Pl Coresight page that opens up, examine the top trend and the bottom attributes
table giving the measurement details within the time frame of the notification.
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© PI Coresight

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

Major 3/11/2016 1:45:21 AM - 3/11/2016 1:45:30 AM Asset: .. \Assets\Rotating Assetfi Comments

Add Comment

Actions and Comments (1)
3/11/2016 1:45:21 AM 8.48923s 3/11/2016 1:45:30 AM NT SERVICE\PINotificationsService
Trigger Attributes | | commented
% | 9 hours ago
Name End Value Units Trend Average Minimum Maximum Notification sent to 1 subscriber(s).

Pump 8209|Inboard Bearing Vibration X

Related Asset Attributes

Name End Value Units Trend Average Minimum Maximum

Pump 8209|Asset Size Large No Data No Data No Data

Pump 8209|Bearing Vibration High Limit 3 mils 3 3

Step 8. Comment/Annotate the Notification in Pl Coresight
1. From the same Pl Coresight screen, add a comment for the Comments
Notification, say for example:

Add Comment

“Pump was checked and is out of alignment. Needs to be re-

aligned. LPPM” Pump was checked and is
out of alignment. Needs
to be re-aligned. LPPMI

2. Try to add a file to the event by clicking the % button.
Depending on the device being used to access the Pl
Coresight page, it will be possible to browse the device for )

Add

files or pictures, or even to open the camera of the mobile
device automatically to take a picture or a video/audio file,
and save it to the notification event.

Actions and Comments (2)
3. Save the comment and/or attachment by clicking the Add PISCHOOL\studento1 attached

2 hours ago

Step 9. Confirm the Addition of the Comment to the Event Pump was checked and is out of

Frame alignment. Needs to be re-
1. Navigate to the Event Frames section of Pl System Explorer. aligned. LPPM

2. Search for the latest event frames by first right-clicking the
Event Frame Search item and selecting New Search.

Event Frames Event Fi

¥ Event Frame Searcihe=
' £

1 Transfer Searches
+- =7 Transfer Searq

New Search

New Attribute Search
New Event Frame
Refresh

N |
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Exercise 2 — Condition-Based Maintenance - Motor Vibration High Condition

3. From the window that opens up, leave the default settings, press the Search button in the top-
right section, and then the OK button in the bottom-right section.

4. From the results that are displayed, find the most recent High Bearing Vibration event for Pump
8209, select it from the left tree view, and navigate to its General tab.

Event Frames

HBV_Pump 8209 _2016-03-11 08:57:32

I P Event Frame Searches
—+-"P=g Event Frame Search 1

ump
[== HBV_Pump 8209_2016-03-11 0 21
== HBV_Pump 8209_2016-03-11 06:39:34
= HBV_Pump 8209_2016-03-11 06:38:13
[== HBV_Pump 8209_2016-03-11 06:35:30
== HBV_Pump 8209_2016-03-11 06:34:16
= HBV_Pump 8209_2016-03-11 06:32:18
[== HBV_Pump 8209_2016-03-11 06:28:58

- p== HBV_Pump 8209_2016-03-11 06:26:29
= HBV_Pump 8209_2016-03-11 06:23:42
== HBV_Pump 5302_2016-03-11 05:53:34

- p= HBV_Pump 3810_2016-03-11 05:53:34
== HBV_Agitator 1305_2016-03-11 05:53:34
== HBV_Agitator 1205_2016-03-11 05:53:34

- p= HBV_Agitator 1204_2016-03-11 05:53:34
[= HBV_Pump 8209_2016-03-11 05:53:34
== HBV_Pump 5301_2016-03-11 05:53:34
= HBV_Pump 3809_2016-03-11 05:53:34
== HBV_Agitator 1304_2016-03-11 05:53:34
== HBV_Pump 8209_2016-03-09 08:12:40
= HBV_Pump 5302_2016-03-09 08:12:40
[== HBV_Pump 5301_2016-03-09 08:12:40

General ‘Child Event Frames | Referenced Elements | Attributes

Name: ‘HBV,Pump 8209_2016-03-11 08:57:32

Description: ‘

Template: ‘High Bearing Vibration

5] severity: [Major

Start time: ‘3/11/2016 8:57:32.833 AM

[] End time: [3/11/2016 8:58:15 AM

| @] Default Attribute: |<None>

Categories: ‘

Extended Properties (0 ) Security
Find: Parents Children
Actions: Recapture Values Lock

Acknowledge

HBV_Pump 8209_2016-03-11 08:57:32

Annotations

B New Annotation ﬂ Change Attachment B Delete Annotation x Delete Attachment ﬂ Refresh

L ~]

Comment

Attachment | Creation .4 Creator & ‘

Notification sent to 1 subscriber(s).

- 3/11/201... NT SERVICE\PINotificationsService

Nmp was checked and is out of zdignr‘nent Needs to be realign‘ed; LppM %BFP.png

3/11/201... PISCHOOL\student01

5. Click the Annotations link and confirm the entries that were just added are showing up as

expected.
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Exercise 3 — Predictive Maintenance — Engine Failure

In this Exercise, we review the predictive model created in Use Data Science for Machine Learning and
Predictions based on Pl System data lab (hereafter referred as the Machine Learning lab). The model is
used to flag equipments showing signs of imminent failure. Predictive equations may be deployed in the
Pl System using:

= Pl AF analytics, or

= With an external script and Pl System Access tools such as Pl WebAPI to periodically read data
from the Pl System, perform the necessary predictive calculations, and finally, use Pl WebAPI to
write back the prediction to the relevant AF attribute(s).

The PI AF analytics screens are shown below. The external script approach is discussed in the Machine
Learning lab notes. The Machine Learning lab summary is as below:

Machine Learning Lab Exercise: Predict imminent equipment failure using sensor data and failure
history

In a deployment with 100 similar engines, sensor data such as rpm, burner fuel/air ratio, pressure at fan
inlet, and twenty other measurements plus settings for each engine — for a total of about 2000 tags —
are available. On average, an engine fails after 206 cycles, but it varies widely - from about 130 to 360
cycles.

Using an open source machine learning tool such as R, you will create a multivariate model to predict
engine failures within approximately a 15 cycle window before they fail. The lab will walk through the
end-to-end data science process — preparing the dataset, visually exploring it, partitioning the data for
training and testing, validating the models using previously unseen data, and finally deploying the model
using the Pl System for predictive maintenance.

Level: 300 (familiarity with R will be useful but is not a requirement)

A B C D E F G H | J K L M
2 lid ~|eycle | r|settingl | setting2 - |setting v |s1_T2 Fanln |~ s2 T24 LPCOut v s3_T30 HPCO!~ s4 TS0 _LPTC v s5_P2 Fanln | s6_P15 Bypa v s7 P30 _HPCOu ~ 58 Nf_FanRPM | ~
3 1 1 -0.0007 -0.0004 100 518.67 641.82 1589.7 1400.6 14.62 21.61 354.36 2388.06
4 1 2 0.0019 -0.0003 100 518.67 642.15 1591.82 1403.14 14.62 21.61 5353.75 2388.04
191 1 189 -0.0006 0.0002 100 518.67 644.18 1596.17 1428.01 14.62 21.61 550.7 2388.27
192 1 130 -0.0027 0.0001 100 518.67 643.64 1599.22 1425.95 14.62 21.61 551.29 2388.29
193 1 191 0 -0.0004 100 518.67 643.34 1602.36 1425.77 14.62 21.61 550.92 2388.28
194/ 1 192 0.0009 0 100 518.67 643.54 1601.41 1427.2 14.62 21.61 551.25 2388.32
185 2 1 -0.0018 0.0006 100 518.67 641.89 1583.84 1391.28 14.62 21.6 554.53 2388.01
196/ 2 2 0.0043 -0.0003 100 518.67 641.82 1587.05 1393.13 14.62 21.61 554.77 2387.98
197 2 3 0.0018 0.0003 100 518.67 641.55 1588.32 1398.96 14.62 21.6 555.14 2388.04
198 2 4 0.0035 -0.0004 100 518.67 641.68 1584.15 1396.08 14.62 21.61 554.25 2387.98
199 2 5 0.0005 0.0004 100 518.67 641.73 1575.03 1402.52 14.62 21.6 555.12 2388.03
200 2 6 -0.001 0.0004 100 518.67 641.3 1577.5 1396.76 14.62 21.61 554.98 2388.04
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pe2

Remaining useful life for Engines 1, 2 and 3

Bl @
=

&

=

1
3,
§ 4 factor(id)
a 1
9
a2
a2 3

The final step in the Machine Learning lab uses Pl AF to deploy the predictive equation via AF analysis to
predict “OK” or “Will Fail” status. The screens below show the AF analysis and the predicted and actual
Status of an engine.

‘ File Search View Go

Tools  Help

ﬂamba;e ¥ QueryDate ~ O @ 3 Back () |, Checkin %) « [#] Refresh | |3 New Element -

Search Elements 4

| |Etements Engine_1
| (B Elements General | Chid Elements | Attributes [ Ports | Analyses |Version
v () Engine_1 " " 3
& Engine_10 o ] | Name; PredictFailure
.. @ Engine_100 o @ ® Name Backiilling Description:
] g :3:::'3 @ ® | CEngine Failurs Bvents 0
& Engine_13 @ ® fw EngineRuntime e
.. & Enaine_14 @ ® iy PredictFaiure ) Analysis Type: (@) Expression () Rollup () Event Frame Generation
- (3 Engne_15 @ ® fw Runs AtFariest WillFail Prediction @&
& Engine_16 B - -
b (G Engine_17
& Engine_18 =
- (§ Engine_19 e ] e
8 e 2 ElE]
- (§ Engine_20 Name  Expression Value Output Attribute
- (§ Engine_21 I%
& Engine_22 zpcl |+('settingl'—(—G.EEBO}SSS)),"G.BEZISE‘E.W!SEH('SEttingZ'—(B.BCOGBSBZB))IE.GGBZQEZ‘B.HBBIET+('52'—(642.6))/| |E | et
o Engine_23
g Eﬂ:::?m +('settingl’-(-8.88083555))/6.082185%0. 86358+ ( setting? - (0.888865023))/0.6002032%0.803137+( 52 - (642.6))/6.5844%8.2735
s 25 +('53'-(1590))/6.187%8.2684+( 's4 ' -(14088))/9.8776.3006+( 56 -(21.61))/0.801539%8.8636+( 57 -(553.5))/0.8984-8.2995
& e +('s8'-(2388))/8.67380%0, 2847+( 50" -(9065))/22.72*0.03204+( 's11'-(47.51))/8.2781%8.23801+( 512" - (521.5))/6.7517%-0.3049
. & Engine27 +('s13'-(2388))/0.07485%6.2845+( 514" - (8144))/19.8%0.84164+( 's15'-(8.439))/0.03783%6.2868+( "s17'-(393.1) )/1.562%0.2636 5!
B Eﬂg _28 A teant faa aaniia aa1ak A aeia.ftoaalt a3 A IR aanak A anar
- gine_.
& Engine_29
- (3 Engine_3 zpe2  |+('settingl'-(-2.00883555))/0.092185%8.00467+( ‘s=tting2 ' -(0.@00005023))/0.0002932%0.808095+( 's2' -(642.6))/ pc
(7 Engine 30 L
= pema3  |(zpcl+Prewwal('pel’, ' *' J+Prewwal( ‘pcl’,PrevEvent('pcl’, " *")))/3 //mov f last Map il
if pemadr6.5
Failure|then "Will Fail" Predicted Status [ |
Library
e Scheduling: (@ Event-Triggersd () Periodic e
[ Analyses Trigger on {A"yinput '] ® Connected to the Pl Analysis Service.
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Archive |Sampled | Plot | Summary | Data Pipe |
Attribute: [Predicted status =]
StartTime:  [2/21/2015 12:00:00 AM ||Eﬁ{ End Time: [+4n ||||I| E
Retrieval Type: |T|rne Range v | Boundary Type: |Ir:side v |
Filter: | | ] show Filtered
= | [
Data
@ ? B & TimeStamp Value e
2{21/2016 2:58:00 AM [Ok
2/21/2016 2:55:00 AM Ok
2/21/2016 3:00:00 AM |0k
2/21/2016 3:01:00 AM | Wil Fai
2/21/2015 3:02:00 AM | Will Fai
2/21/2016 3:03:00 AM |will Fai
2/21/2016 3:04:00 AM | Will Fail
2/21/2016 3:05:00 AM | will Fail
2/21/2016 3:06:00 AM | Will Fai
2/21/2016 3:07:00 AM | Wil Fai =
| Trend
4 hours ' 2/21/2016 4:00:00 AM
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StartTime: [2/20/2016 11:53:00 PM ||E|E| End Time: |2/21/2016 5:00 am ||E|E| EE

® Engine_1|5tatus O Engine_1|Predicted Status
Stopped Will Fail

Q_0
2202016 11:59:00 PM 5.02 hours 2/21/2016 5:00:00 AM

| Add Attrbutes... | | AddPIPoints... | | Traces.. || Close

Note that AF predicts that the engine “Will Fail” (red trace) before actual failure (blue trace).

Please consult the “Use Data Science for Machine Learning and Predictions based on Pl System data” lab
notes for additional information.
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