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PPL Electric Utilities

We Deliver.

Driving Forward with Condition
Based Maintenance

Brandon Gustafson - System Maintenance Senior Engineer
PPL Electric Utilities




Transformer #2 Qil Results

© DGA
Hydrogen (H2) 72
Oxygen (02) 440.0

Nitrogen (N2)  75000.0
Methane (CH4) 8.26

Carbon Monoxide (CO) 34.9
Carbon Dioxide (CO2) 1053.0
Ethylene (C2H4) 45
Ethane (C2H6) 42
Acetylene (C2H2) 4.1
Propane (C3H8)
Propylene (C3H6)

Total gas  76556.0
TCG (headspace or relay)
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158.1
782.0
55700.0
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27.3
914.0
77.3
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Transformer Inspection Findings

* Electrical Testing was completed

* Concerns with the results of the core
ground test as well as DC winding
resistance test

* Internal inspection of the

transformer performed
e Deteriorated core ground
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The Ask: Continue to drive down

operating cost without risking
failure or reliability
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* Time-based maintenance plan cost
exceeding yearly budget
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* How can we reduce cost without increasing
risk?
* Focus in on the need to have maintenance
* Ensure correct maintenance is being completed
* Do not just rely on past practices
e Utilizing all available data to drive priority
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Past Maintenance
Practice

 Completely time-based
maintenance schedule

* Only condition based
completed was as result of
time-based maintenance
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* Review completed of all breaker models
and maintenance triggers created based on
manufacture suggested operation counts

 TCUL maintenance triggers also developed
based on operation count

* Hesitation of these approaches led us to

(LTTTTT

keep a time component as part of the —di

trigger
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Where we are going

* Monitoring installed on all major equipment

types
 Dashboard for real time health index to drive

future maintenance and replacements
e Alarming and Alerts in place to have round the
clock oversight

Fully condition based maintenance program




Battery Monitor Display

Battery Data: LAUS 230.BATT.Acation: BATT_BLDG Cell Voltages Cell Resistances  Inter-cell ~ ELS

Max 2234 VDC Max 170 p0 i Module Status
120V CONTROL BATTERY SYS A 230KV CONTROL HOUSE e Nerge 2214V 79 wasgs 1510 e RESISEANCES
Min 2191\0C |7 ¥ Min 153 402 |
s Ambient Temperature 72.96 °F B L e | ey vl 188D
-& Positve  11.10MOhM Cal# VDG poyc e W — — F
) String Voltage 133.55 VDC Negative  11.57 MOhm v # 5% 1@19 lg # Nomdl 716
# 2 # Normal 716
Float Current 463 mA Charger Cable Resistance Y 153 15 4 Nomal 707
Ripple Current 0.00A Posifve 18,889 40 o o o - -F
; B ; #2218 161 19 4 Nomal 707
Operating Mode ¢ Normal LyL Negative 18,2100 g 220 159 15 S Nomdl 707
i #2202 157 19 8 Nomal 718
140 B0 - EString Voltage w2 162 15 # Nomal 716
admin / alber 120 | 13355 #0223 168 ) #10 Nomal 707
Al /St t . VDG #102213 164 15 #1 Normal 716
; #2 2206 161 18 #2 Nomal 718
arms a us 343;\& [/\.1 (_\\ - 2% ‘ nggg!emTemperaturedegreeFahrenhen i3 %;g; 123 13 #3 Noml ﬂg
: o) #a 2 #14 Nomal 71
Hardware Failure 3% NORN = ~ NN A W\ w \Y i 5 220 r 31 5 Nomal 716
: / #18 2215 162 16 #18 Nomal 725
Major Alarm ¥ NORM #7200 161 5 #7 Nomal 725
136 #18 2207 162 16 #18 Nomal 734
L #10 gg?ﬁ lgi ;8 #10 Normal gg
i f #0 2 #0 Normal
Minor Alarm % NORM 7 #1224 182 15 #1 Nomal 725
2 2215 182 17 #22 Nomal 725
) = ras 3 2207 158 15 #3 Nomal 725
ELSi Alarm ¥ NORM #24 2208 160 1 #24 Nomal 725
i #25 2199 162 15 #25 Nomal 725
w6 224 160 17 #6 Normal 716
. 130 §0 #7 2219 162 15 #27 Nomal 725
Discharge Status ¥¢ False TBT0EM B8 T0dys > E 421202 T200BAT #8 228 184 4 £28 Nomal 716
#9 228 185 15 #29 Nomal 725
: #0 2220 185 743 [ | 0 Nomal 725
CeII Voltages Cell Resistances  Inter-cell ELS 1 o @ ; £ toma 125
2 ormal
B R Tare Mav 470 a0 — v o Madiila Qtatiie 03 2215 183 5 33 Nomal 716
R 2 o i 4 Nomal 116
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Transformer Monitoring Display

Temperature Data

HV KV
Ambient  Top Oil Winding Winding TCUL Temperatures Trend Temperatures vs. Load
NO DATA NO DATA NO DATANO DATANO DAT[F% Wc\"-‘m
10000 T (2% 3 3 {1\ | 8E Tempersture_Ambient e I —— e eI R I TR
20.00 , &.0000 T e e ed oo 025,000
ﬁ }m A 10E.Te r2_HV_Winding 5 € o
i 2 = p 0.0700 »
T0.00 Jj \k\ n 22| #3600
" ‘I\ 2 DCJ.-}EVC" [3
50.00 12
42 LER 3 N .
1 / 16 S Loste ] Tyl O [IRPRP] (e
30.00 \U

34%*—»—0—»—% S -
\J [ 12 . —- s i
10.00 \\ 1 b
4 & H—H«Hﬂﬂw
oo b 20 V{‘ 4 : g EE E 3 10 05 1 15
1NTIZ022 T43:02 AW 7.00 days V42022 T43:02 AN 11180 WA b
- o e CE 63 61304

# Quafitrol Ambient temp 84
o Quafitral HV winding temp 78

Alarms DR System + Qualitrol LTC Temp 83
Cooler Fail

Fan Bank
Status: |4

Fan Bank Data  FanBank 1 j
Statu

Loading Data

Bl Loading Trend
MVA 11.180 MVA ¥ =¥ #E MVA_Loading A Phase Amps 102 Amps
| | E, AEEE RN g [ |
0 0 200 300 40 500 B0 — e — - = I 055?“\;25-"-""55& o 0
MVAR N I [ ,éﬁps_ajm B Phase Amps 83 Amps
‘ | I N N _‘—“__““———__ ' 83000 I

[T —+ \ Amps
-20n -0 o 00 0 : +E.Amps_C_Phase 0 w00 1000 500 2000
1 102,00

MW -10 MW 1 e C Phase Amps 108 Amps
a0 0 e LA L__= || et ! E) 1000 1500 2000

101272022 T-42:02 AM L5, 24.00 houre 10/18/2022 T:43.02 AM
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Transformer Monitoring Display

TCUL Data Oil Moisture Data
Tap Position Total Relative
4 it Tap Position Trend 2 PPM NO DATA™™ Gil Moisture Trend

18| 3 i 25 25 #E.Oil_Moisture
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CB Monitoring Display

SFLD.CB.BUXM_2
SF6 CB Monitor

| Log in to Monitor Webpage I

Ala rmS https://10.85.0.26

Alarm Relay

Close Time Alarm
Close Travel Time Alarm |’
Open Time Alarm

Open Travel Time Alarm
A-B Logic Alarm

SF6 Data _

SF6 Sensor Status
SF6 Low Gas

SF6 Gas Trend
SF6 Gas Forecast
Pressure

Pressure Trend

-0.01 PSIG/Day

Trend Confidence 98 %

Density 2.23 Ib/ft?

Density Trend 0.00 Ib/ft*/day
Mass Loss -0.01 Ibs

Low Gas Forecast 1000 Days [ﬂM

O©203UPYL Corporation-

Load Current 212 Amps 199 Amps 213 Amps
Last Arc Time @oms @0oms @0ms
Last Interrupt Time B0oms @oms Boms
Contact Life 90 % 90 % 90 %

Contact Wear 12T 13,436,905 A2Sec 12,800,000 AZ2Sec

12,800,000 A2Sec

Op Metrics

Open Live Camera View

Non-Fault Interrupt Count 19
Fault Interrupt Count 2
Since Last Op 373 Days

Last Operation Metrics:
Operation Number 211

Op was a Fault @ False

Op was an Interrupt False

Close Time 34 mS

Close Travel Time 14 mS I

Open Time @0 mS ,_ _ ! [

Open Travel Time Boms - SR TN
=] = -~ CB Status’

Charge Motor Metrics | | caie cones

= Temp I

Charge Motor Current 0 Amps \u | B 93°F '

Avg Time Between Run 202 Hours é El ‘ ¥

Avg Run Time 6 Seconds i DC Supply u

Avg Run Frequency 0.00 Runs/Day A i 132 Volts

Total Run Time 0.04 Runs -



Additional Monitoring

 PT and CCVT Monitoring

* Predictive algorithms created to flag
voltage abnormalities coming back
through PI

 Air Break and Disconnect

* EXxercise and maintain stagnant
disconnects
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Monitoring Challenges

Proper setup to ensure that data being collected /
IS accurate and desirable

* Understanding the data being brought back

e Alert and Alarm setup
* Critigue to fit companies needs

* Upkeep of additional components now on the
system
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Other Sources of Data

* Due to the advancing age of most
utilities' infrastructure, it is crucial that
maintenance and replacement decisions .
are based off the best available data

 Other data sources: | rh 18\
- |
» Sub configuration ~— 7 —
— A | )8 | “/
° Stranded load IP._‘,_ii l. | L . éunm-ooﬁ.-;n
« Customer count A3 ey | |
« Unit age e ' :
. 2aC - l ” l
» Inspection data wa | A & l L
w | o 2 V2N OFUR BU8 SECT
* Past DGA results "*"—"’9—"—%—1*—’—“5 e 1T & |
me Y, Tl e
_— T e | I+ 1M
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