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Presentation Overview:

A SmartGen Equipment Monitoring
A Advanced Pattern Recognition
A EtaPRO Thermal Performance Monitoring
A PlantView Program



CBM Program Owner Smith Energy Complex Hamlet, NC
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Old School PdM gugo out there collect the
data, looktouch-smeltlisten to your
machines
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Program Implementation Background

Drivers
Reliability & WorkforceChallenges
Plant Closures, Aging Coal Fleet & NlawmplexEquipment
Market Dynamicg longer CC runs & cycliegal plants
Challengesv/ Reliability Programsg
Existing programg 80% manual data collection/review
M&D Centerg utilizesexistingprocess instrumentation
Shaping the Future
Technology Innovation new wireless, sensors, diagnostics

Workforce Utilizatiorg highervalue analytical tasks
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SmartGen Advanced Condition Monitoring

Integrating
Energy,
Space, &
Industrial
Technologies
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SmartGen Scope

Enhanced Diagnostic/Risk Capabilities
-Implement EPRI Diagnostic & Risk Advisors
-M&D Centers i more info & diagnostic advise
- PdM - more analytical T less data collection
- Operations i reduce rounds w/ new sensors

Expanded Instrumentation

More equipment monitoring using
wireless technology and low cost sensors
at a fraction of the cost of conventional

instrumentation. . . : . :
New Plant M&D Network: - Engineering i enhanced Risk Analysis

) Wired/wireless network to

i Sensors .

e Sensors key remote Plant locations,

u Vibration ik

aTemp ike equipment areas,

u Ol

u Motor
i Ultrasound M Q‘@ Router (optional)
ulR ,

uLeak Detectlon \-J‘ (( ))

u Press e S

u DGA Natlonal ,
Wired or wireless Wireless

i EMI Instruments N iR

u Partial Discharge L£L
% 1
I L=

i Operator Rounds %g o - o
u Cameras -
Plant Nod
uSmell Sensors & Accoss Paiit an e M&D Center

u Microphones
SmartGen Asset Health Management Software
-Integrated Equipment Condition Monitoring
-Data Fusion & Visualization

Integrate Dlagnostlc System§ . -Smart Diagnostics and Risk Advisor
Leak detection, stress wave, partial discharge, - Link to Long Range Planning - Budget
DGA, Motor analysis, etcé
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Smart M&D Overview

A T " Corporate Monitoring |
Monitorin : :
Sensors g Plant Servers and Diagnostics
Systems (M&D) Center
4 N ( o D
Pl ant Vi ew
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o v
Imll Temperature NI Software | nStep PR
L Sensors ) N Pattern Recognition
[ oil Analysis ] CompactR il
Sensors 10 - GP EtaPROE
h i Efficiency Monitoring &
( ) Thermal Modeling
Thermal Cameras " J
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| Miscellaneous
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SmartGen DesktoffurbineGenerator/Large Rotating
Equipment Monitoring

Speed Trend

Bode Plot
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Py

File View Settings Help
) &[] e My ol
e a = A "3 & A = A s
S MatinalInstuments . WA = [l ok~ 2 2| D [ W[ [H-F = A7 D= B D %]
= (3 MopacC B Z3500 4 k " Channel | Feature |«
= [§ Phasel g 3007 CT1-TRE-... : 1xPhase (deg..,
=@ cTom = 200 "I CTi-TRE-.. | 2xPhase (deg...
=-[8 CT1 Turbine - Generator £ 10 | O] CTLTRE-... | 1xPhase [deg..
£ [@ CT1_Turkine_Generator g e ) O, axphae deg
CTI-BENCERELH = i % CT1-TRE-... | 1x Phase [deg
CT1-GEN-CE-RELY mZDDD* 1.44 L | :CTL-TRE-... : 2xPhase [deg...
CT1-GEN-CE-SEY O] CTi-TRE-.. | 1xPhase (deg...
TAENLEE 127 a CTLTRE-... | 2x Phase (de
...
CT1-GENTE-RELH 1500 7 a CTATREL... 1x Phase (deg
CT1-GEM-TE-RELY 3 =
"I | CTi-TREL. 2% Phase [deg...
CT1-GEN-TE-SEl% 1000 4 0.6 | 0[] :CTL-TRE-L.: 1x Phase [deg...
CT1-GEN-TE-SEIY el O] CTLTRET.. 2x Phase (deg..
CT1-KPH1 500 4 : = CTLTRB-L... Tx Phase (deg...
CT1-TRE-4=1 0.4 0] CTLTREL. 2x Phase [deg...
CT1-TRE-#<-2 78 9 101112 13 1915 16 17 1B 192021 22 23 24 25 26 27 28 23 30 31 | O] CTLTREAL. ixPhase [deg..
CT1-TREB-EX-REL 1 L ! i ! ! i will =] .. 2xFhase [deq... -
CTI-TRE-EXRELY  ~ Timestamp 500 1000 1500 2000 2500 3000 3500 | ———
A =, * Ta = A
= B = |28 2| -] A B = |36 2| o~
CT1-KPH1 = Pair Unit =
E 0.4 O] CTLTRE.E... il E VI
. ) [V ETATRE-E.. | mil =10 v )
Location: CT1 Turbine - Generator 0.6 a CTLTREIN. il V| CTLGEN-.. wolt
| O CTLTRE-IN.,, mil W CTL-GEN-... valt
.44 5
Speed: 2320.2 RPM ] CEILT Crigen = -
021 Ol TGN %
" O] CTi-GEN-C.. 1
9-Jul-2014 11:18:01 o] | o] T
Speed (RPM): 232023 RPM 0.2
0.7 5
Collection Condition: Stream Block # 203 e
03] -10
ok 0806 0402 0] 02 04 06 08 B 5 i s 0
CT1-TRE-EX-RELEY Filtered 1:x Crbit [mil] 4 m b CT1-TRE-EX-REL-X faw Corrected Gap- [volt] 4 m b
P1; 204 Trend ¥-Cursorl: 2320.23 Trend X-Cursorl: 07/09/2014 11:18:01.1511

Orbit
ADisplay Multiple Orbits
across multiple planes

Shaft Centerline

5

DUKE
ENERGY.



SmartGen Desktepypical Equipment Monitoring Screen

Site Hierarchy

Hear your data

Feature Trend Viewer

Data Annotations

J& NI InsightCRy Data Explorer -

Fle View Sefings Help
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Location: CT1 Turbine - Generator
Speed: 3600 RPM
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Value: 0.217 mil Peak-Peak
Harmonic Fundamental: 60 Hz
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Lines of resolution: 3200

Delta F: 0.5 Hz

Collection Condition: Stream Block # 302

Comment:

[6/24/2014 4:33 PM -05:00 ] Appears to be a synchronous = |
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SmartGen Desktop Data Options
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What to do with all this data?

A Challenges
A Large number of sensors/channels
A Limited validation resources (People)

A Incomplete machin®peratingstatus information
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Solution:
A Automateddata screening
A Manual testing of a random sample of channels
A Trend Analysis to identify intermittent problems

A Operating Status from Vibration Data
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Advanced Pattern Recognition

A The Duke M&D Center éghsnced Pattern Recognition software to mor
plantand equipmenperatiom hesoftware detects subtle deviations from
normal operation that can be used as early indicato ablemse

A The M&D Center partnershdthtations and fleet technical support to cap
their knowledge of the equipittagtnowledgs used inur models to free
the plants from repetitive monitbinisgapproach reinforces the focus of mc

diagnosis and less routine data review on correctly functioning mack

A Portiorof fleet monitored by APR
A 43,000MW, 76.4B MWhr in 2014
A234 Units, (44 Steam, 13 CCo:¢
A >8000 APR Models, (5459 Classic, 2462 SG)
A >50,000 Points monitored every 5 minutes
A 53 PI servers
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A Pull raw data from Pi
A Typically data sets will be 5 min samples for 1 year

Training Data Comparison
SUTO3 _ITIZONORE (B FD FAN MTR IB BRG TEMP) vs. SUT03_3TI3103 (AMBIENT TEMP)
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A Cleaned data set represents operation during all ambient / MW loading conditions

Training Data Comparison
SUTDA_ITIZON0BE (B FD FAN MTR 1B BRG TEMP) vs, SUTD3_3TI3 103 (AMBIENT TEMP)
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A-eed historical data to APR algorithm to build predict
Aeed Redime values to APR algorithm every 5 minute

Anlgorithm predicts output values and compares real ti
predicted
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Predicted values

wFan OB Bearing Temp

wFan IB Bearing Temp

A[LG@RHTHM wMotor IB Bearin_g Temp
wMotor OB Bearing Temp

wMotor Winding Temp

wWAMps
wDischarge Press




