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Computerized Maintenance
Management System (CMMS)

@ PSEG
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What iIs CMMS

CMMS is a decision support system that assists In
making repair, replace and maintenance decisions
for our high profile assets:

— Transformers

— Load Tap Changers

— Breakers & Circuit Switchers

— Transmission OH and UG Assets

— 26 KV UG Transformers & Protectors g
O PSEG
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Business Challenges

* No predictive maintenance program or strategy
* Formalizing the equipment replacement strategy

 Significant liability risk and system outage potential
from old equipment vulnerable to failure

* Limited assessment tools for determining asset
condition and maintenance efficiency

* Decreasing expertise in both field maintenance and

engineering
O PSEG
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Solution & Benefits

» Centralize and correlate  Perform the right

operational, diagnostic, maintenance at the right
real time sensor data, time. based on the

order history and asset otent analvsis of
characteristics/nameplate consistent analysis 0

down to asset level within data
AF « Use data to drive

« Create condition based business plans for asset
and life cycle algorithms replacement

that turn data into

actionable information. « Avoid costly asset failures

O PSEG
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CMMS Strategy

Collecting data Storing the Acting on
from the infarmation in a the
CMMS platform data warehouse information
Transforming data Analyzing
into the
actionable information data
& PSEG
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CMMS Pl System

Pl Data Archive
Pl Asset Framework
« PI MDB
 PIACE
 RLink
* PI Manual Logger
* Interfaces: Pl DNP, Pl OPC, PI to PI, Pl UFL
« Client Apps:
— PI Coresight, Pl WebParts, Pl Datalink, Pl ProcessBook

O PSEG

OSlsoft. INDUSTRY FORUM 2015



OSlsoft.

Data Collection

CMME P
Operational Data

cMmms

Relational Data '
SOl Server .
Relational & T
Diagnastic Data "
S
- - - = 1———5‘ I %
g ~5 :
=N = e — Solar GIs
- - —— -t ) .
\ - . ) T e
P ] B 5
|\ 3 YUY
\ . h S | Doble PI-RLINK
I|I R hﬂ__p/ h A s --H-'“'--H o
- T~ =
-l
. SDAMS N, _ =
. ST . cAD
= I ' >
- ¢ werizon L° ]
SDA =
Interfa
(Primary)’, " LABE
Substation 1,..x A .
I b A
I
3 P &5
I
Il Block 1..x SEL-2414 [19] LS Pipe Cathodic CF.‘E:SL&: - | .|
Frojecion PSEG

© Copyright 2015 OSlsoft, LLC.



orrelate Data to Asset
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Transformer Analytics

« Condition Based Algorithms based on
— Detectable Acetylene
— Moisture
— Dielectric Strength
* Replacement Algorithm based on
— Condition Score
— Chronological Age
— |EEE Loss of Life Aging Factor
« Weighted Algorithms
« CA=F1*W1 + F2*W2 + Fn*Wn

* Apply calculations to peer groups by Voltage Class O PSEG
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Transformer CA-Action Summary

[ Fitter By Substation |

[ Filter By Volage ]

@ Action Results
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Floc Descr
A1Z20-27 PAR

= 2 Phase Angle Regulator (W-2223)

= 3 Transformer
CORBETTS

= 3 Transformer

= 1 Transformer

= 1 Transformer

= 1 Transformer

= 1 Transfarmer
S500-2 Transformer
= 2 Transfarmer

= 1 Transfarmer

= 1 Transformer
Spare Equipment
220-2 Transformer
= 2 Transformer

= 1 Transformer

= 2 Transformer

= 2 Transformer

= 1 Transfarmer

= 1 Transfarmer

=0O= Equipment

000000000010525875
000000000010523399
000000000010515628
0000000000107 80221
0000000000105017 17
000000000010514655
000000000010502608
000000000010507 016
000000000010501997
000000000010523375
000000000010506092
000000000010515624
000000000010506094
000000000010018481
000000000010500124
000000000010508549
000000000010502648
000000000010525782
0000000000105086132
000000000010506962
000000000010507 135

Equip Descr
Phase Angle Regulator Exciter
Phase Angle Regulater 2 Exciter

Power Transformer

Mobile Substation [M-14) - SPARE 60MWA 28

Power Transformer

Power Transformer

Power Transformer T1

Power Transformer

Power Transfarmer

Power Transformer S00-2B
Power Transfarmer

Power Transfarmer

Power Transformer

“oltage Regulator 26Kw Spare
Voltage Regulator 220-2 Z6Kw
Power Transformer

Power Transformer

Power Transformer

Power Transformer

Power Transformer

Power Transfarmer
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Transformer Action Details

@ Equipment Nameplate

Oneline Division Station Code Station Station Type Floc Descr

# Scuthern STS STATE STREET A # 4 Transformer/8041

Content Editor Web Part

Equipment

000000000010524286 Unit Transformer E-TRF-UNT

Construction Year Serial Number
1972 C0441152

Equipment Descr  Equipment Type

@ DGA Tests

Manufacturer
MCGRAW EDISON 550C

Model Number

E Equipment Home Page

El wiew and Trend Equipment PI Points

= sap Order Details

F ca Comment History

E caA Transformer Action Algerithm Rules

@ algorithm Factors by Peer Group

OSlsoft.

Factor Raw Value Case Value Weight oo Score
Detectable Acetylens 614 25 2.5
Gas Rate of Changs 275 15 1.5
High Tetal Gas 2571 s 20 1
Low Dielectric z8.4 o 10 o
Top Oil Temperature 30.72 < 10 0.4
Water Content 21 < 20 o.8
@ CA Score

Score maxScore Rankcing( %) Peer Group

5.2 5.5 93.94 Z6-5BKV

@ CA Score History

INDUSTRY FORUM 2015

Details ApprType Sample Date CO H2 Acetylene Ethane Ethylene Methane
o= TRN 06/28/2008 730 605 614 70 527 425
0= TRN 06/27/2008 545 586 623 27 470 335
-O= TRN 06/16/2008 355 375 417 28 329 182
o= TRN 05/15/2007 104 O o 3 =
=-O= TRN 04/19/2006 104 8 o <] 4 <]
0= TRN 06/07/2005 210 14 O 20 s 26
-O= TRN 0s/16/2004 49 O o £ s 2
0= TRN 03/24/2003 62 O o & 7
o= TRN 02/28/2002 52z 8 o 25 2 17
0= TRN 06/26/2001 254 34 0O £ s 12
-O= TRN 09/29/2000 205 40 O 7 =] 15
0= TRN 07/24/2000 265 42 0 =3 & 7
o= TRN 11/12/1999 270 37 0 = 5 11
0= TRHN 08/04/1997 189 32 0 =2 & 5
0= TRN 08/09/1995 222 22 0O 2 5 5

@ Fluid Tests

(=]

‘Combustible Gas

2971 21
2596 is
1686 15
112 11
122 15
276 17
61 v

79 5

104 1z
z1z 15
375 11
222 5

226 S

226 12
257

Showing 1 to 15 of 17

¥

Appriype
TRN

Sample Date
04/17/2014
TR 06/25/2008
TRMN 06/16/2004
TR 09/29,/2000
TRNM 07/24/2000

TR 09/08/1997

0000000

TRMN 08/09/1995

P

Cooling Performance

Time

11/2/2014 3:00:00 PM
10/26/2014 9:00:00 AM
10/19/2014 10:00:00 AM
10/12/2014 10:00:00 AM
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i@ DeltaX Gas Test Results

Serial_Murn  Equiprient i nation SpprT ample Date Fluid Temp [C] Equipment Condtion CO C 2 2 02 re Ethane Ethylene Methane ater Total
3067 el ACADBWY ST Mo, 1 TRM 0142202015 301 TOE 3388 90330 103 2770 6 fi 12 19 254 17 0325 L
3067 el ACADBWY ST Mo, 1 TRM 11072014 A1 G 3655 94051 91 5218 5 fi 1 18 7T it 02315 L
3067 el ACADBWY ST Mo, 1 TRM 0232014 3 G746 3612 93812 096 4250 6 7 15 18 a1y 35 0224 L
3067 el ACADBWY ST Mo, 1 TRM D6 22014 40 2 G32 3355 96552 B16TIT 6 7 12 18 Tak 43 0.7a4 L
3067 el ACADBWY ST Mo, 1 TRM 022452014 1 G33 3801 96942 100 2144 0 7 12 0 a2 16 0367 L
3067 el ACADBWY ST Mo, 1 TRM Dhi2G2013 301 G4 4004 S6246 27 4052 5 7 15 19 Tas 4 0.3z L
3067 el ACADBWY ST Mo, 1 TRM 032552013 01 G287 4184 Q6730 02 5255 5 10 1 | a3z 16 0773 L
3067 el ACADBWY ST Mo, 1 TRM 032202012 1 G958 3650 OXGT2 20 4043 3 7 10 19 226 4 017 L
3067 el ACADBWY ST Mo, 1 TRM 05052011 301 TIT 3T Q0556 105 3846 2 a 16 | 231 26 0.3as L
3067 el ACADBWY ST Mo, 1 TRM 03092010 1 TE1 3TTR 04862 102 2465 0 a 12 i a0z 19 0.4ava L
3067 el ACADBWY ST Mo, 1 TRM 03042009 A1 1363 G800 22333 02 2238 6 15 19 a7 1638 10 1.679 L
3067 el ACADBWY ST Mo, 1 TRM 022002008 1 GEO 367E S4364 107 2134 2 10 12 4 a8 12 0396 L
3067 el ACADBWY ST Mo, 1 TRM 03272007 1 G112 91470 113 3858 2 12 12 7 244 18 0.359 L
3067 el ACADBWY ST Mo, 1 TRM 031452007 01 673 38 93147 109 5776 2 12 12 7 237 15 0.207 L
3067 el ACADBWY ST Mo, 1 TRM 0112006 301 G2 3726 7545 02 3143 2 12 12 39 748 0 0325 L
3067 el ACADBWY ST Mo, 1 TRM D05 2005 | 530 3403 80570 90 2554 0 1 10 il 674 14 0773 L
3067 el ACADBWY ST Mo, 1 TRM D07 2004 A1 S6G 3170 93043 102 3362 0 12 12 it T2 18 0.795 L
3067 el ACADBWY ST Mo, 1 TRM D GA200% 401 587 3446 SO0TE3 106 1931 0 17 12 36 744 9 0.791 L
3067 el ACADBWY ST Mo, 1 TRM 01142002 A1 519 3406 91801 95 2023 0 14 14 it 670 7 0762 L
3067 el ACADBWY ST Mo, 1 TRM 0F1 152001 301 494 AT 83431 93 4342 0 16 1 k3| fida 3z 0.701 L
3067 el ACADBWY ST Mo, 1 TRM 0572001 A1 580 ZEGZ 95525 102 2094 0 15 12 3z 77 k3| 0.7va L
03067 el ACADBY ST Mo, 1 TRM 05252000 301 538 IO20 95335 106 21256 0 17 13 35 To4 4 077y E |
3067 el ACADBWY ST Mo, 1 TRM D06 1999 1 Gfid 3477 Q5170 105 5940 i 17 42 Ta0 17 0.74

3067 el ACADBWY ST Mo, 1 TRM 09161998 2 S92 FOOF 49v19139 9710 26 16 4 214 47 0325
3067 el ACADBWY ST Mo, 1 TRM 024271998 50 2 GG 3328 O7622 157 9360 9 17 Ll a14 Ll 0.4
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@ DeltaX Fluid Test Results

Equiprnent Designation BoprType Sample Date Fluid Condition IFT D188 Dav? PF&5 FF100 Wiiate Cornrmert Reazon
403062 Mo, 1 TRH O 32014 z 1.4 286 0158 38 LT 40 ROUTINE
403062 Mo, 1 TRH D4s26/2013 I 221 7a 0,126 7 LT 20 ROUTINE
403062 Mo, 1 TRH 032672013 z 214 ana 0115 17 LT 20 ROUTINE
403063 Mo, 1 TRH OEfF3fE013 I 16 308 0133 T4 LT 32 ROUTINE
403062 Mo, 1 TRH 051052011 z 1.4 26 fi 0.1 ar LT 20 ROUTINE
403063 Mo, 1 TRH 02010 1 57 3%8 0115 0 LT 34 ROUTINE
403062 Mo, 1 TRH 0342009 z ] 45 4 014 14 LT 25 ROUTINE
403063 Mo, 1 TRH OFf37 2005 I I8 443 0135 14 LT 25 ROUTINE
403062 Mo, 1 TRH 032712007 z 216 44 0107 1 LT 25 ROUTINE
403063 Mo, 1 TRH D11 f2006 1 4.1 314 01z 0 LT 30 ROUTINE
403062 Mo, 1 TRH 0405 /2005 z 214 an. 0122 17 LT 22 ROUTINE
403063 Mo, 1 TRH D 2005 I I8 306 0105 e LT 40 ; PCH < &0 TK CED ROUTINE
403062 Mo, 1 TRH 04112002 z 1.4 A 009z 5 LT 25 ROUTINE
403063 Mo, 1 TRH e 12001 I 353 317 011 39 LT=20 ROUTINE
403062 Mo, 1 TRH 05752001 1 246 any 0097 a0 ROUTINE
E kel Mo, 1 TRH 05 A 32000 1 56 303 .10z I3 TEWP=30C ROUTINE
403062 Mo, 1 TRH 4061999 1 6.4 anz 0121 16 ROUTINE
E kel Mo, 1 TRH 09021995 I 18 15.1 0093 39 ROUTINE
403062 Mo, 1 TRH 0272771998 z 458 16.1 01 ETEMF=5D|: ROUTINE
E kel Mo, 1 TRH 04297 1 i1 344 0 08 1fi ROUTINE
405062 Ma. 1 TRH D1 241996 z 731 0.091 43 ROUTINE
E kel Mo, 1 TRH 07 31995 I i 0 0094

403062 Mo, 1 TRH OFS30/1995 z 21 01

E kel Mo, 1 TRH 05 f331995 I 0 m 0 09

OSlsoft. INDUSTRY FORUM 2015 © Copyright 2015 OSlsoft, LLC.




Equipment Order History

@ Time Range
Start Time | =5y 5 End Time | = | 0 = | »w

@ Hameplate

HEVY FREED QR X

@ PM Teco Orders

Order Order Description Priority k Center Status Planned C Btz Completion Date _Llate f Maint_|

A 000100534035 Southemn TRMR Z30kAAE00KW 1yr 1 50-hE TECO 047 e FE SO0 4 12:0000 Shd Z009-03-18 09-03-18 o
OO0 DOT36713 Southem TFhR Z30kWS00KY 1yr 1 50-ME CLED 1302 5 G11.27 20013 12:00:00 A AN ii-12-12 Aile=12-12 @
OO0 DOTETESS DGA Sample B 50-ME CLSD o 107 55 1142252012 12:00:00 A AN AN 2
DO0100743589 OGA Rezample C 50-ME CLSD i 1651 FA3002012 12:00:00 A A0SR -SR] D
000100679524 Southemn TFRR Z30k\ASO0KY 1yr 1 50-ME CLSD 4303 5 336,01 HTEE013 12:00:00 2 DT D {EHIRHIE 2
DO01006 14164 So. Transt.-Z20kv -S00KN 2yr 1 S0-ME CLSD 13308 54,37 HIHE01Z 12:00:00 A
OO0 00614428 Southam TFRR 22000k 14y 1 %0-ME CLED 40321 11208 5022011 12:00:00 204 @ PM Actual Cost

Total PM I

@ PM Teco Order Operations ZETT.A

Operation Description Flammed Hours Betoual Hours Sub-Operation

o010 TRF (aLL) Desicant System - Transm 1yr 1 0.5 0000 @ PM Actual Hours

o020 TRF (ALL) Cooling System - Transm 1 yr 16 0.5 0000 Total PM Hours

o030 TRF (ALL) Gaz in Oil Test - Transm Tyt 1 0.5 0000

DoG0 WATS-Tran=t. £ ALL D1 Yr. Oil Test ] 0 DooD

@ CM Actual Cost

@ PM Open Orders

Total CM C
Order Order Description fork Center Status Planned Cost Bctoal =t DOue Dzate 252 T
A 000100002409 Transformers BOEMS00KY Transm <yt 1 S0-ME OFEM O o TARZ016 12:00:00 20
000100851772 Southerm TEME 1230%2500kK% 1y 1 S0O-MmE OPEM 31239 o S20GE0TS 12:00:00 S @ CM/PM Ratio
4 1] F

@ PM Open Order Operations

GAENAS00EY Phy= Oil Test - Transm dyr
AT 5-Phyyzical Qil Test - TrAnsm dyr 1]

lCa
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Southem  SHF NEW FREEDOM X ETRF-PAR

# I Phase Angle Regulator (-2223)  D0O00DDOOD10523999  Phase Angle Regulator 2 Bsciter

@ Max Value @ P| Data Time Range

stan Time o0 £ e Time & [ J[0][«][»]

3162015 0:26:46 PM 1461,

. @ Pl Points

@ Min Value

COUNTER #2 PAR AUTO GROD DEV CTR SHF:PAR. ROO0Z b Inspection  415/2015 12:00:00 Phd

3420/2015 3:40:18 PR 1400.
ESOC LOAD M ki HENFREEDOM 2223 PAR MhiS SMF:PAR.EIDZ.0 EsOC 4M5/2015 8:52:11 A i
GAS DETECTION REL&Y #2PAR W-2223 GAS DET RLY EXC SNF:PAR.PODS W Inspection  4f15/2015 12:00:00 Phd

@ Average Value A HYDRAN PPM NFREEDOM 2PAR EXCITER GAS SMF:PAR.ODOT M PR ESOC 162015 11:19:02 A 1443

g HYDRAN ROC # 2 Phaze fogle Regulator (Wi-2223) Hydran FRM SHF:PAR.Q007 N1 Deg C 22002015 2:00:00 A i
420/2015 B:54:54 A 14401 54 Wi LIDUID #2 TEMP HIPAR W-2223 M&K LIO #2 EXC SHF:PAR.TOOS M Deg F Inspection  &/15/2015 12:00:00 PR
WK WHINDING TEMP #2 PARH WL2253 MAAWD G #1 TP SHF:PAR.TOOT M Deg F Inspection  4/15/2015 12:00:00 PR
@ Standard Deviation WK WINDING # TER #2 PARH W2233 WD G #1 TP SHF:RAR.TOOT M Deg F Inspection  4/16/2015 12:00:00 P
WK WHINDING #2 TEMP #2 PARH W25 MAWD G #2 TP SHF:PAR.TODE M Deg F Inspection  4/15/2015 12:00:00 PR

FIML COOLING PERFORM #2 PAR EXC W-2223 0IL/AMB DIFF SHF:CRR.TO1Y Deg C 40152015 12:00:00 PR 5
IS ERES AL B 5F-6 GAS PRESSURE #2 PAR GRD DEV GAS PRES SNF:PAR.POOZ M psi Inspection  415/2015 12:00:00 Ph
TANK OIL LEVEL #2 PARH W23 OIL LWL SHF:PAR.LDOH M Inspection 4152015 12:00:00 Ph

@ Archive Values MLEIET PAR Ml MEUWFREEDOM 2223 PAR Wit SNF:PAR.EIDZ.0 hhi®  ESOC 1552015 8:58:11 A 1]

i WLZIEE PAR WAR MEW FROM Wi PAR MR SHF:PAR.EDO.0 MuER  ESOC 4152015 £:58:11 A o

' WLZIEE PAR W MEW FROM Wi-FAR b SHF:PAR.EDOZ W M ESOC 4152015 £:52:11 A i

G015 11:19:02 Al Good 1442,
G015 10:40:10 Al Good 143,
HIG2015 10:30:20 A Good 1443,
HAGL015 10:30:20 A Good 142,
HIE2015 10:32:15 Al Good 1443,
G015 10:20:40 A Good 1442,
62015 10:05:25 Al Good 143,
G015 10:02:25 Al Good 1442,
H152015 10:45:05 Al Good 143,
H15/2015 10:45:06 Al Good 1443,
552015 Q:03:44 M Gaod 1442,
H1552015 Q0344 A Good 13,
HAGL2015 2:52:11 A Good 144,
H15£2015 8:45:36 A Good 143,
H15/2015 2:45:36 A Good 1443,
HIEL015 8:23:00 A Good 142,

1 s 5
ABIZD15 12:44:42 PR Gaod  1d43. k ] ] =R
SIS ADAEAE A Good 1443 ! P&E{]
2B015 6:41:25 A . .

@ Pl Data Trend

OSlsoft. INDUSTRY FORUM 2015 © Copyright 2015 OSlsoft, LLC. 17
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[ama Diescription Walug Units Time Trend Average Minirmum haxinum
Powear TransformerHYT 220-5 TRF HYDRAN FRRAF] 44 posy 4715,/ 2015 1004434 AR M_ A 44 45
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Transformer Alarming in ACE

« Event Based Calculations
— Low Nitrogen Pressure
— Low Nitrogen Cylinder Pressure
— High / Low Oil Levels
« Scheduled Calculations
— Daily Combustible Gas Rate of Change
— Weekly Combustible Gas Rate of Change

* Inputs SCADA or Weekly Inspection data collected by
operators

« Output is email to Asset Engineers or SAP notification for
Maintenance Supervisor .
& PSEG
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Benefits

« Have been very successful in the past 13 years identifying problems
and remediating issues before a failure

« Extremely valuable system when you have
— $5 B of installed assets with a replacement value > 9B
— Average age of the assets exceeds 40 years
— All equipment is expected to be used and useful all the time

- Justify millions of dollars in saving over past 13 years in equipment
failure avoidance

- No secret sauce for success — program success is contributed to
Asset Engineer’'s commitment to program and data owners ensuring

data integrity &) PSEG
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Advanced Analytics on Real Time
Sensor Data

@ PSEG
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Non-Operational Data Collection

OSlsoft.
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Advanced Analytics

« Geographical view of
Transformer Loading . | >
and Loss of Life .//\ S S
(LOL) Situation ,3;/

e Calculates Transformer
LOL based on IEEE
C57.91-2011

O PSEG
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Transformer Load & LOL Situation

BT Transtormer Load Analytics
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Transformer Loss of ere (LOL) Calculatron

IOv rall loss of life 41163(14%« 1.1279 (2013-11-24 00:00 -

« Calculate
transformer loss-of-
life using IEEE
C57.91-2011 (for 1
year with 1-minute
measurements)

« Calculate using load
or actual measured
winding hot spot
temperature.

« See development of
resulting hottest-spot
oil temperature (red)
and loss-of-life factor -
(green) over the year
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Overall loss of life: 209.56 d f FAA: 0.5742 (2013-11-24 00:00 - 2

OSlsoft. INDUSTRY FORUM 2015 © Copyright 2015 OSlsoft, LLC. 26



Transformer Loss of Llfe Calculatlon

« Display load curve
and see
relationship
between load and
loss-of-life factor

e Here:

Impact of colder
winter months
on loss-of-life

combined effect
of higher load
and higher
ambient temps
In summer
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Investigating Individual Load Curves

* Display percent
current load to
nameplate rating

« Conduct forecasting
of the next
day's load (blue
color, on the right

© PSEG
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Benefits

« Calculate true age of the transformer using IEEE
C57.91-2011 Loss of Life

« Use true aging factor to drive replacement algorithm
* Provides engineers with load & loss of life profiles
« Extrapolate/forecast data into future and past

« Excellent tool for calculating transformer end of life
for future engineers (installing monitoring devices on

new transformers
O PSEG
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* Angela.rothweller@psed.com
* Principal Engineer
« Public Service Electric & Gas (PSE&G)
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