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Watchman™ System
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Azima DLI History & Milestones
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Agenda

= Expert Automated Diagnostic System

= Contributing Factors to Fault Detection
= |mproved Automation

= Delivered Results with Confidence
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Expert Automated Diagnostic System (EADS™)

Trained Diagnostics

6000+ Diagnostic Rules
1200+ Fault Conditions
40+ Machine Components

Expert System Flow Path

cCsSDM DIAGNOSTIC TEMPLATES
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Expert Automated Diagnostic System (EADS™)

Trained Diagnostics

6000+ Diagnostic Rules
1200+ Fault Conditions
40+ Machine Components

Normalized Data
Prioritized Actions
Statistical Averages

Supports:
* Volumetric Analysis
* Asset Template Leverage
* Business Level Metrics
e Data Quality Screening

Analyst Reviewed Results

Main Service Pump #1

MID: 6
Averages: 4
Date Acquired: 11/5/2015 3:36:59 PM (UTC)

Machine Speed: 1781 RPM
Rulebase: 20130322
Figure of merit: 201

Maximum Lewvel: 111 (+14) ¥dB at 1.22x<on Motor Drive End Acaal

RECOMMENDATICNS:

€23 IMPORTANT: ~ INSPECT COUPLING AND CHECK SHAFT ALIGNMENT
DIAGNOSTICS:

€23 SERIOUS: ANGULAR MISALIGNMENT

111 (+14) YWdE Motor Drive End Axial at 1.00xM

107 (+11) %dBE Motar Drive End Tangential at 1.00xM
107 (+12) YdBE Pump Drive End Axial at 1.00xM
105(+12) WdE Pump Drive End Tangential at 1.00xh
103 (+11) ¥dE Pump Drive End Radial at 1.00xk

(

1
+ 8) wdB Motor Drive End Radial at 1.00xM
)

DISCUSSION BY ANALYST:

The vibration has increased over the previous tests.

Analyzed by: Jeremy Smith 11542015 10:27:49 PM (UTC)

Repair Priority

Repair Recommendation

Fault Severity

Fault Diagnostic

Cited Peaks
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Automated Diagnostics
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First Six-Months
Program Review

Automated
Manual Review
Manually De-escalated

Total Machine Test
Asset Faults, Oct 2022 - Mar 2023

364, 3%

1501, 13%

9913, 84%

W Priority Emergent m Healthy
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Machine Tests, Oct 2022 - Mar 2023

86%
14%
39 0.3%

11778
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Confidence Level & Completion Score

Latest Diagnostic Result

Feb 02, 2023, 06:55 AM

ldentified Problems Recommended Actions

Check Motor Bearings For Improper Fit

Motor Shaft Looseness ALRT-22996 - OPEN

Confidence Cited Peaks

Mo warnings for this diagnostic result.

Click here to view cited peaks

Completion Profile @ Analyst

Needs Motor Bars, more averages 4 Manjunath

E Analyst Comments

Fault has increased in severty since last month's reading, prompting an
escalation to Important recommended action.

FLUKE.
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EADS Result with Confidence

New information
available in the
diagnostic result

Expert System Results

Confidence

MID:

Averages:

Report Generated:
Date Acquired:

Machine Speed:
Rulebase:
Figure of merit:

Maximum lewvel:

1113

0

1041842022 31954 PM (UTC)
8/472022 4:00:44 PM {UTC)

3580 RPM

20221123|

687

MID Completion = 40%: Needs Motor Bars. Pump Yanes. more averages
Pump looseness diagnostic CONFIDENCE IS LOW with unknown Pump Yanes
0.38 {(+2155%) infs at 5.00x on PUMP BEARING 3 Horizontal

RECOMMENDATIONS:

€3> Desirable:
€3> Desirable:

DIAGNOSTICS:

€3> Moderate

<3>» Moderate

Inspect Pump Assembly for Improper Fit.
Replace Pump Bearings.

Pump Roller Bearing Wear

0.044 {+262222) infs at 3.1 3xP on PUKP BEARIMNG 3 Horizontal
0.042 (+2368%4) infs at 16.9xF on FUMF BEARING 3 Axial
0.032 (+181522) in/s at 3.13xF on PUKMP BEARING 3 Axial
0.030 (+168222) infs at 16.9xF on PP BEARIMG 3 Horizontal
0.025 {+140422) infs at 2.86xF on PUKMP BEARIMNG 3 Horizontal
0.027 (+1221%2) infs at 15.0xF on PP BEARIMG 3 Horizontal
0.017 (+ 9812%) infs at 12.7xF on PUMP BEARIMNG 3 Axial

0.012 (+ B90%2) inyfs at 3.13xF on PUMP BEARIMG 3 Yerical
0.017 (+ B17%) infs at 4.20xF on PUMP BEARING 3 Verical
0.007 (+ 395%2) infs at 16.9xF on PUMP BEARIMG 3 Yerical
0.0067 (+ 3482%) in/s at 12.3xF on PUMP BEARING 3 Vertical LUIKE.

Pump Shaft Looseness
0.38 (+2155%:) in/s at 5.00xF on FUMF BEARING 3 Horizontal

18 Reliability



EADS Result with Confidence

Example:
Misdiagnosed
electrical fault
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Expert System Results

Confidence 2
MID:

Averages:

Report Generated:
Date Acquired:

Machine Speed:
Rulebase:
Figure of merit:

Maximum level:

1106

]

101842022 6:45:00 PM (UTC)
104472022 1:08:22 PM (UTC)

1777 RPM

20221123

459

MID Completion = 90%: Needs Motor Bars

Motor bearing diagnostic CONFIDENCE IS LOW with unknown number of Motor Bars

0.55 (+8330%2) infs at 44.0x on MOTOR BEARING 2 Axial

RECOMMENDATIONS:

£2> Important:

DIAGNOSTICS:

€2> Serious

£4> Slight

Replace Motor Bearings.

Motor Bearing Wear

0.55 (+244822) in/s at 44.7xM on MOTOR BEARING 2 Axial

0.45 (+101522) in/s at 44.7xM on MOTOR BEARING 2 Wertical
0.29 (+334122) in/s at 44.7xM on MOTOR BEARING 2 Horizontal
0.054 (+1368%2) infs at 40.1xM on MOTOR BEARING 2 Werical
0.060 (+2212%2) infs at 45.1xM on MOTOR BEARIMNG 2 Axial
0.025 (+14472%2) infs at 40.7xM on MOTOR BEARING 2 Horizontal
0.012 [+ 520%) infs at 3.17xM on MOTOR BEARIMNG 2 Axial

0.017 (+ 222%) infs at 3.171=M on MOTOR BEARING 2 Yertical

Pump Roller Bearing Wear

0.017 (+ B13%%) infs at 2.30xF on FUMPF BEARING 3 Horizontal
0.012 [+ 439%%) infs at 12.9xF on FUMPF BEARING 3 Horizontal
0.0096 (+ 166%) infs at 11.7=F on PUMF BEARING 3 Verical
0.0094 [+ 193%) infs at 11.4xF on PUMP BEARING 3 Axial
0.009 (+ B713%%) infs at 6.45xF on FUMF BEARING 3 Vertical
0.0087 (+ 226%) infs at 3.44xF on PUMP BEARING 3 Axial

UKE.

leliability



Analysis - Automated Diagnostics

Setup / Input Diagnostics / Output

Automated Analyst Prioritized

EA Review & Assignment Actions &
Workflow per SLA Alerting

/ S \

/"« 6000+ Trained Diagnostic Rules
Asset Configuration for e 1200+ Fault Conditions Workflow Automation for

Expert Automation - Automated Baseline Averaging Volumetric Analysis

e Automated Fault Code Finder
* Result Confidence Scoring

\_* Result Persistence Logic 4 FLUKE.

Reliability

Asset Install Automated
Details Sensors Learning
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Analyst
.o . Utilization
* ~30 seasoned & certified analysts available Fully Automated, by
* Full = Priority Exceptions — Second Opinion — Setup & Coaching Prioritized, Actionable
. . Di ticR Its with
* Leverage VibeAl Tools, Completion Score el 152
* Missing Fault Codes (PV, MB, CV, etc.) Confidence Score, &

« Automated Baselining Exception Review

* Volume Analysis Tools

* Automated Reviewing
* Persistence Logic

Semi-Automated,
Prioritized,

* Fault Confidence Level L >7
e Results with Low — High Confidence Generation
* Feedback Loop, KPIs, Metrics

* Assessment Reporting

* Bad Actors, Saves, ROI
* Program recommendations

Manual

Diagnostic 2 5

Report

| gl S = Ny —
21
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2023 WATCHMAN Machine Test Results

All Delivered Results

2023 WATCHMAN Machine Test Results by Platform

_ o

’ Wireless Delivered Results

Wireless (Ser/Ext)

2.8%
Ondine (Ser/Ext)

' Online Delivered Results 53608

_ 7%

| Trio Delivered Results

Trio (Mixed SLA)
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What's Needed for Diagnostic Confidence?

Machinery Information
Vibration Setup Parameters

Diagnostic Comparison Reference

Additional Contributing Factors

5. Diagnostic Historical Trends

FLUKE.
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How do I complete my asset setup?

* Asset template completion score

* Evaluate criteria based on component definitions
* Missing or unverified settings are identified

* Improve the statistical average baseline

* Templates can be locked once trained

Initial Setup Certified Setup

FLUKE.
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Vibration AI: Automated Fault Codes Examples

Identifies number of pump vanes Identifies number of motor rotor bars

Alr Gap

Slator

FLUKE.
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Band Alarms at rotor bar frequency vs statistical Average Baseline

|- Rotor Bar Frequency

Blue line is vibration data exceeding the
Baseline Average statistical alarms.

| e -t_.4.___-_...4.1...l..A.'..._.;AllL4L.LLL. sl —

26

FLUKE.

Reliability



Al to Achieve Autonomous Vibration

* Al for machine baselining I | . e
* Find & synthesize baseline I ' /Wm
" '-‘| y
* Automatically find asset details p\w | [J ,[
* Motor bars, pump vanes, gear teeth, blade "MJM YLJW[,‘ J-I' m] s ‘ APM Data 360
pass, transmission ratio, bearing tones, belt > mm.-% al L | E D
| | \
pass " : ' H 148 500
_ B 2 2 256 soo
* Unmanned Analysis e
: . : Cm = oo w0 127,632
* Feature Extraction from incoming data : ' * PR o fu A
« Compare millions of historical tests x ey e N - TR L S
* Presents diagnostics & prescription , | i
e User defined workflows and assignments % TEAY .

N b =

27

Reliability



Feedback to Improve Confidence

* Contributing Factors Close Aler
* Historical Trends
* Confirmed finding feedback

- ——LE.
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Summary: Building Confidence

* Determine criteria that defines faults
* Ensure complete asset profile
e Establish proper statistical baseline representation

* Confidence presented in automated diagnostics
* Fault frequencies are noted as Al-based or validated
* Missing criteria is presented with score
* Take applicable action

FLUKE.
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