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Discussion Outline

=What is COLM?
=Goal of transformer COLM quick guide

=Brief introduction of the process followed to
develop quick guide

=Sensor information for the transformer — Seeking
your input

Purpose of the discussion is to seek your input on EPRI’s

COLM quick guide for transformer
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COLM Guidebook - Overview

Guidance and best practices for continuous online monitoring
that supports equipment diagnostics and reliability

= What is COLM?

— Installed sensors providing continuous and intermittent readings and measurements.
= Motivations and Benefits:
— Answer Why, What and Where to place or add sensors to support equipment reliability.
— Workforce optimization
— Improve equipment reliability
= Enablers:
— Advances in sensing and
— Communication technologies

EPRI is working on multiple different COLM quick guides for variety of power plant
related assets, for example; main generator, pumps, fans, motors and hydro
assets.
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Volume 7 Equipment Specific Guide Series - Goals

 Using SME knowledge,
evaluation of manual Preventive
Maintenance (PM) tasks for
replacement or extension when
continuous on-line monitoring
sensors are used.

* |n some cases, there won’t be

|denti
fy any sensor technology available,

Failure

Modes that can help replace or extend
Covered by PM tasks — Identifying those PM
Sensors tasks is also included in this

evaluation.
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Scope of Generator Step-up Transformer

COLM Effectiveness Summary: Station MPT_GSU with De-Energized Tap Changer
(DETC)

Quick Guide Boundary
The boundary of Station MPT GSU with De-Energized DETC for the purpose of this Quick
Guide is defined per EPRI PMBD as:

Included Excluded

Transformer core and windings Protective, timing and control relays
DETC — De-energized reactance type with Line isolation breakers

Oil immersed contacts Iso-phase bus and cooling

Pumps with motors Generator relays

Fans with motors Conductors

Controls Low voltage motor starters and contactors
Fans Fire suppression equipment

Heat exchanger — fin and tube cooler

or radiator both with fans and pumps

Surge and lightning arresters

Pressure relief valves

Sensors, monitors, alarms and current transformers
Conservator tanks with

Buchholtz gas volume relays if present
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EPRI Resources Used — Similar to IEEE Std. C57.143-2012

IEEE Std C57.143-2012

= List of all failure modes
from EPRI Preventive
Maintenance Base
Database (PMBD) and

= EPRI Transformer
Copper book

EPRI — Electric Power Research Institute

6 wWww.epri.com

Fan(s) and/or
Pump(s)

Radiators and coolers

Components

Electrical failures of pumps and
fans

Mechanical failure

Internal or external blocking of
radiators resulting in poor heat
exchange

© 2020 Electric Power Research Institute, Inc. All rights reserved.

Motor (fan, pump) currents
Pump flow

Top oil temperature

Winding temperature
Dissolved gas-in-oil

Bearing wear detector
Standard mechanical vibration
Infrared scan
Ambient temperature

Top and bottom oil temperatures
Winding temperature

Ambient temperature

Line currents

Inlet and outlet radiator

temperatures

IEEE Guide for Application for Monitoring Equipment to Liquid-Immersed Transformers and

Thermal Model
Gas analysis
Pumps/fans model

Thermal model
Oil and winding
temperature
forecasting
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Use of EPRI Resources

» Preliminary identification of failure modes that can be monitored continuously using these on-line
sensors

* Yes or No
= Sensors that can be used to monitor particular failure mode
= Effectiveness of each sensor in monitoring that failure mode

Bushings -
Solid

Bushings -
Solid

Conservator
Tank

Coolers - Fin
and Tube or
Radiators -
both types are
minimally
OFAF rated

Loss of BIL Severe

Loss of BIL

Severe

Bladder failure  Minor

Loss of heat

Significant
transfer &

wWww.epri.com

Chipped or
cracked
porcelain
External

contamination,

dirt
Aging

Low oil level

Bushing
Monitoring

Thermography

DGA

Thermography

Bushing
Monitor

IR Camera

DGA-9

IR Camera

Trending analysis, polar
diagram, power factor, phase
changes

Pattern recognition, trending
of hotspot temperatures

Trending of data and rate of
change, Limits according to
Standard for warings and
alarms — H2, CO, C2H2, H20,
C2H4, CH4, C2H6, CO2, 02,
N2 (9 gases LTC)

Pattern recognition, trending
of hotspot temperatures

© 2020 Electric Power Research Institute, Inc. All rights reserved.

Low

Medium

Medium

Capacitance & Power Factor

02, N2
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Definitions — Based on EPRI PMBD Database

Failure Mode Severity Classification — Sensor or Monitoring Technology
Severe - The degradation mechanism (failure Detectabilitv —_
mode) and its influence would produce an N o
equipment functional failure in a very short time —~ Capability of sensor or monitoring
if not immediately addressed. technology to detect influence/cause
Significant - The degradation mechanism (failure or failure/fault
moo-le) and its mf.luence yvould produce gn = Greater than 97% - High
equipment functional failure with trending
degradation after a much longer time than that of ¥
a Level 1 if not addressed (e.g. Emergent 5
maintenance activity required to address). = Between 50 to 80% - Low
Minor - The degradation mechanism (failure = Less than 50% - N/A

mode) and its influence results in a long term
unacceptable or undesirable operating condition
(e.g. can wait until next available and open
system work window to address)
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ldeal Instrumentation

Ambient Temperature

Dissolved Gas Analyzer (DGA) — 9 Gases
Load MW

Infrared Thermography Cameras

Top Oil Temperature

Winding Hot Spot Temperature

Cooling Outlet Temperature

Bottom QOil Temperature

Winding Temperatures

Main Tank Qil Level

Bushing Monitor

Tank Pressure

Partial Discharge - UHF

Moisture in Qil

Humidity

Cooling Flow Monitoring

Core Vibration

Fan & Motor Vibration (Inboard and outboard)
Acoustic Sensor - Fan

MCSA - Fan motor 3¢ CT & 3¢ PT

Pump & Motor Vibration (Inboard and outboard)
Acoustic sensor - Pump

MCSA - Pump motor 3¢ CT & 3¢ PT
Acoustic Sensor for PD

Cooling System CT

CT for Core Ground

Anything Missing?

Ultra-Sonic Bearing Wear

Partial Discharge - Electrical
Temperature for Fan Motor Bearings
Temperature for Pump Motor Bearings
Tank Microphone

LA Leakage Current

Cooling Control Voltage PT

Sensor Designation
igh Value Sensor

f)APR Support Sensor

@ﬂ:n ndary Sensor

System Parameters
oL ¥
¢899
i directly on th

not onthe
transformer but have been identified for
onlinemonitoring

NOTES
Thermography will require
multiple cameras and
reliable degradation
detection depends on
selected field of view.

Vibration monitoring
recommends inboard and
outboard tri-axial
accelerometer on pump,
fan and motors.

~
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Relative Value of Instrumentation

Use relative value of instrumentation
to prioritize investment.....

0.6
203
0.2

0

DGA-9 Transformer Infrared Bushing PD-UHF Acoustic Cooling Cooling CT Core  Vibration
Temp. Cameras Monitoring Sensor-PD  Controls System CT  Ground Fan & Motor
Voltage

© o o
N o © =

o O
A~ O

rmalized Value

Detection of Severe and Significant
degradation mechanism

Does this lineup with your expectations?

Failure
Mechanism

Severe
Significant
Minor
Severe
Significant
Minor
Severe
Significant

Minor

Sensor
Detectability

High
High
High
Medium
Medium
Medium
Low
Low

Low

Point Assigned

R NN W N B OO W o ©
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Contact Information
Poorvi Patel

ppatel@epri.com
7/04-232-4551

Questions and Ideas?

Contact Information
Prayag Parikh
pparikh@epri.com
/04-595-2502

EEEEEEEEEEEEE
EEEEEEEEEEEEEEEEE


http://www.epri.com/
mailto:ppatel@epri.com
mailto:pparikh@epri.com

12

Together...Shaping the Future of Eleciricity

wWww.epri.com © 2020 Electric Power Research Institute, Inc. All rights reserved.

EEEEEEEEEEEEE
EEEEEEEEEEEEEEEEE


http://www.epri.com/

Disclaimer of Warranties and Limitation of Liabilities

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OF WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH
INSTITUTE, INC. (EPRI). NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR
SIMILAR ITEM DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON OR
INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (Ill) THAT THIS DOCUMENT IS SUITABLE TO ANY PARTICULAR USER'S
CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PROCESS,
OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER, OR OTHERWISE, DOES NOT NECESSARILY
CONSTITUTE OR IMPLY ITS ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI.

THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI) PREPARED THIS REPORT.

NOTE

For further information about EPRI, call the EPRI Customer Assistance Center at 800.313.3774 or

e-mail askepri@epri.com.

Electric Power Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF ELECTRICITY are registered service marks of the Electric Power Research Institute, Inc. Copyright

© 2020 Electric Power Research Institute, Inc. All rights reserved.
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The Electric Power Research Institute, Inc. (EPRI, www.epri.com) conducts research and development
relating to the generation, delivery and use of electricity for the benefit of the public. An independent,
nonprofit organization, EPRI brings together its scientists and engineers as well as experts from academia
and industry to help address challenges in electricity, including reliability, efficiency, affordability, health,
safety and the environment. EPRI also provides technology, policy and economic analyses to drive long-
range research and development planning, and supports research in emerging technologies. EPRI
members represent 90% of the electricity generated and delivered in the United States with international
participation extending to nearly 40 countries. EPRI's principal offices and laboratories are located in
Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; Dallas, Texas; Lenox, Mass.; and Washington, D.C.

Together...Shaping the Future of Electricity

© 2020 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, EPRI, and
TOGETHER...SHAPING THE FUTURE OF ELECTRICITY are registered service marks of the Electric Power Research
Institute, Inc. 3002018371

Electric Power Research Institute

3420 Hillview Avenue, Palo Alto, California 94304-1338 « PO Box 10412, Palo Alto, California 94303-0813 « USA
800.313.3774 « 650.855.2121 » askepri@epri.com * www.epri.com
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