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PRODUCT DESCRIPTION

Upgrading or replacing even a portion of the excitation system of a generator can provide
increased reliability and availability while simultaneously decreasing operational and
maintenance costs. However, the upgrade or retrofit of an excitation system is a major cost
involving some degree of implementation, installation, or performance risk. This report provides
lessons learned, experiences, practices and solutions from plants that have installed excitation
system retrofits and upgrades. This information will help electric utilities:

e Maximize their benefit-to-cost ratio by improving installation efficiency

e Help reduce possible difficulties and risks associated with the installation and operation of an
upgrade or retrofit

e Ensure the best possible implementation and installation of upgrade/retrofit.

Results & Findings

The appendices of this report provide forty-five “Best Practices” and twenty-nine “Lessons
Learned” from utilities that have performed excitation system upgrades and retrofits. The body
of this report builds upon these “Best Practices” and “Lessons Learned” with additional
information provided by utilities and manufacturers to guide power plants in the upgrade or
retrofit of their excitation systems.

Challenges & Objectives

This project is intended to provide power plant utilities with a guide to performing excitation
system modifications based on the experiences of other plants. A number of power plants have
successfully implemented excitation system upgrades and retrofits. The experience and
knowledge gained by personnel at these plants is a valuable resource for the entire electric utility
industry. Equipment manufacturers, service providers, and other vendors have also amassed a
wealth of information on performing excitation system modifications that will be valuable to the
electric utility industry. This project and report makes the knowledge and experience of these
plants and vendors readily available. In particular, excitation system engineers, design engineers,
project managers and others directly involved with upgrading and retrofitting an excitation
system will benefit from the “Lessons Learned,” “ Best Practices,” and other information in this
report.

Applications, Values & Use

This report serves to provide guidance in the upgrade and retrofit of main generator excitation
systems. It will be beneficial to any utility considering implementing an excitation system
modification. As equipment improves and changes with time, this report will remain a valuable



tool. The guidance provided by this report and the “Lessons Learned” and “Best Practices”
submitted by experienced plants will remain valid regardless of the excitation equipment
involved in a modification.

EPRI Perspective

Previously published EPRI report 1004556 “Tools to Optimize Maintenance of Generator
Excitation System, Voltage Regulator, and Field Ground Detection” discusses excitation system
maintenance. This report and the project which produced it provides “Best Practices,” “Lessons
Learned,” and additional information based upon the experience of power plants that are
experienced with excitation systems upgrades and retrofits. Additionally, manufacturers and
other vendors experienced with providing excitation equipment and services provided input into
this report. A review committee of experienced personnel from seven utilities reviewed the
report to ensure that this report will provide appropriate guidance to other utilities considering
and implementing their own excitation system upgrade or retrofit.

Approach

The project team gathered information from power plants that have already completed an
excitation system upgrade or retrofit. Ninety-one power plant units provided input through an
initial e-mail survey. From the ninety-one units that responded to the initial survey, the team
selected twenty-one companies that had reported extensive experience with excitation system
modification to provide more detailed information. The team interviewed several of the
companies that had the most experience to gain the maximum amount of their experience. The
team also performed a literature search of standards, reports, and papers regarding excitation
upgrades or retrofits and obtained further information from excitation system equipment
manufacturers and service providers. Five manufacturers and service providers agreed to be
interviewed and provide information from their vast experiences with excitation system upgrades
and retrofits. A committee of representatives of seven utilities experienced with excitation
upgrades and retrofits contributed their time and effort by reviewing the draft of this report and
progress of the project. The review committee provided beneficial recommendations and
additional information that are incorporated in this report.
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Retrofit
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Vi



ABSTRACT

Power Plants with older rotating and analog excitation systems face the burden of maintaining
their systems to be both reliable and economical, while reducing costs. Many plants have
excitation systems that are 30 to 50 years old, and in some instances, even 80 years old.
Obtaining replacements and having knowledgeable, experienced service personnel for these
older systems can be difficult. Additionally, man-power requirements for operation and
maintenance of these systems can take too large a share of limited and diminishing budgets.
Efficiency, reliability and performance issues present problems to plants trying to stay
competitive in today’s deregulated market.

Newer state-of-the-art digital excitation equipment can provide increased reliability, efficiency
and performance while reducing operational and maintenance costs. Increased functionality is
provided by the digital system, incorporating many features that were previously performed by
separate components or were not included at all in the older systems. These features can include:
protective relaying; limiters; compensators; stabilizers; testing, tuning and calibration software;
data-logging; self diagnostics; remote supervision and operation; and more.

Even when a company opts not to upgrade to a newer digital system, they may find it beneficial
to replace their rotating exciter and/or voltage regulator. While not providing all the benefits of a
fully digital excitation system, a new exciter and analog voltage regulator can offer significant
improvements in reliability, maintenance, spare parts, efficiency and other areas.

This report serves as a guide to utilities considering implementing upgrades or retrofits to their
excitation systems. A number of utilities which have already installed retrofits or upgrades to
their excitation systems have provided much valuable information for this report. Furthermore,
excitation equipment manufacturers and service providers have also provided information. The
information provided by the utilities and vendors is incorporated into important considerations
given in this report. Additionally two appendices to this report list the “Lessons Learned” and
“Best Practices” that experienced utilities have developed from their own modification and have
provided for this report.
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INTRODUCTION

Power Plants with older rotating and analog excitation systems face the burden of maintaining
their systems to be both reliable and economical while reducing costs. Many plants have
excitation systems that are 30 to 50 years old, and in some instances, even 80 years old.
Obtaining replacements and having knowledgeable, experienced service personnel for these
older systems can be difficult. Additionally, man-power requirements for operation and
maintenance of these systems can take too large a share of limited and diminishing budgets
(reference 1). Efficiency, reliability and performance issues present problems to plants trying to
stay competitive in today’s deregulated market.

Newer state-of-the-art digital excitation equipment can provide increased reliability, efficiency
and performance while reducing operational and maintenance costs. Increased functionality is
provided by the digital system incorporating many features that were previously performed by
separate components or were not included at all in the older systems. These features can include:
protective relaying; limiters; compensators; stabilizers; testing, tuning and calibration software;
data-logging; self diagnostics; remote supervision and operation; and more.

Even when a company opts not to upgrade to a newer digital system, they may find it beneficial
to replace their rotating exciter and/or voltage regulator. While not providing all the benefits of a
fully digital excitation system, a new exciter and analog voltage regulator can offer significant
improvements in reliability, maintenance, spare parts, efficiency and other areas.

Many companies with older excitation system would find it worthwhile to study whether a
system retrofit or equipment upgrade would be economically advantageous. A sizeable number
will find that installing newer excitation equipment provides a high benefit to cost numbers,
whether for a gas or steam turbine generator, or a hydro generator. This guide is provided to
give assistance on the evaluation, selection and installation of excitation system upgrades and
retrofits. “Lessons Learned” and “Best Practices” are presented to give the benefit of experience
from other plants that have actually performed excitation system upgrades and retrofits.

Excitation System Upgrade/Retrofit Introduction

Utilities are faced with a number of options regarding the main generator excitation system.
These options include: complete replacement or retrofit; retrofit of certain equipment, such as the
voltage regulator; refurbishment and upgrade of components in the system; and maintaining the
existing system without any upgrades and retrofits. The first option, complete replacement of the
excitation system, has the highest initial cost, but the plant gains the functionality, performance,
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Introduction

efficiency and reliability of a completely new and often a state-of-the-art system. In the long
term a complete replacement can be the most economical option.

In plants with rotating exciters which are in good condition and do not have reliability or
performance problems, an upgrade of the voltage regulator and other equipment may be the best
option. Replacing the existing voltage regulator, pilot exciter, rotating amplifier (Amplidyne™),
etc., provides most of the functionality and performance of a modern state-of-the-art system. On
brushless exciters, transient performance gain from negative forcing is not usually available,
although often this is not an issue. On all rotating exciters, the response time may still be longer
than that realized by a completely static exciter. Some efficiency gains may be attained,
although the exciter’s frictional, windage, electrical resistance and other losses will still take
away from system efficiency. However, the initial cost of a partial retrofit is less than that of
complete system replacement, and may be the most long term economical option.

Refurbishment and component upgrades can be the best option where the performance and
reliability of the existing system are not concerns. For example, if the only issue with an
excitation system is part obsolescence, there are after-market products available which may solve
the problem. With brushless exciters, problems with obtaining and maintaining rotating diode
modules may be solved by after-market modules that provide improved reliability and
maintainability.

Maintaining the existing system without any retrofits or upgrades is a viable option. If
reliability, performance, functionality and maintenance are not large concerns, with zero initial
cost in respect to the other options this option can be the best in the long term.

Maintaining the existing system can also entail overhauling and refurbishing the exciter and
other components, including a rewind to restore the system to near new condition. Overhauling
and rebuilding the excitation system component can be as costly as retrofitting the entire system
with a completely new digital system.

A number of plants do go with overhauling and maintaining the system instead of a retrofit.
Their reasons include: the operators are familiar with and experienced with operating the existing
system; the maintenance technicians are familiar and experienced with the existing equipment;
the existing equipment has provided several decades of good reliable service, and is expected
after overhauling to provide similar service; and there are no other major issues with the system
that the overhaul will not rectify.

The goal of this guide and of any decision making process regarding excitation system
replacement is to provide the tools necessary to determine the most economical course of action.
Other sources for help in the decision making process include the excitation system’s OEM,
other manufacturers and service providers, and other plants that have or had a similar excitation
system.
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Reasons to Upgrade or Retrofit

This section is intended to provide possible reasons to upgrade or retrofit an excitation system.
These reasons are not all inclusive, nor will each reason apply to every excitation system. This
section is to serve as a guide to the reader to aid in determining whether an upgrade or retrofit is
necessary. The following section, “Reasons Not to Upgrade or Retrofit,” provides guidance on
the converse: situations in which an upgrade or replacement of an excitation system may not be
feasible.

Modern excitation systems offer improvements in reliability, performance, operation,
availability, efficiency and maintainability above those provided by older systems. Electro-
magnetic and mechanical devices are for the most part eliminated; although, while reliable in
their own time, these devices suffer from wear and often require more maintenance.
Additionally, drift and other set point changes that can occur with the older devices can be
eliminated with digital devices.

Other advantages of newer digital systems include:

e Better voltage regulation, down to %%

e Built-in redundancy, as an available option

e Auto-tracking between primary and backup or redundant regulators

e Soft-start capability

e Automatic synchronization

e Data-logging

e Built-in condition monitoring and diagnostics

e Human-machine interfaces (HMI) and graphic displays

e Built-in testing and tuning routines for quicker and more reliable set-up and calibration

e Serial and Ethernet communication capabilities

e On-line and off-line voltage limiters

e Built limiter, compensator, stabilizer and protective relaying functions

e Faster transient response with both positive and negative field forcing

e Expandability: add additional bridges as needed to increase field current capability

As mentioned previously, older excitation systems, although state-of-the-art in their time, may
now be causing undue burdens for power plants seeking to remain competitive in today’s market.

These burdens can represent very valid reasons for upgrading or retrofitting. Various burdens
and other reasons for upgrading or retrofitting can include:

e Maintenance costs

e Efficiency
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e Part obsolescence

e Reliability

e Availability

e (Generator uprate

e Poor transient response

e Need for data logging

e Need for remote operation

e Reduce demand on operators

e No knowledgeable system experts

e Available opportunity for excitation system outage

e Personnel hazards

Maintenance Costs

Older excitation systems inherently required more maintenance, even when they were brand
new, than the newer digital systems. As these older systems age, wear and deterioration of
components can lead to an increased requirement for maintenance.

Rotating exciters and other rotating components need to be aligned and balanced. Additional
maintenance is required to measure, analyze and, if necessary, correct vibration of the rotating
components. Couplings on rotating components typically require periodic inspection, cleaning
and lubrication. The main generator lube oil system has to have added capacity for the excitation
components, though this typically can be almost negligible, possibly adding slightly to the
maintenance necessary for that system. Rotating excitation components will typically require
insulated bearing, necessitating precaution with installation and maintenance, and creates
additional failure points.

DC generator exciters and rotating amplifiers have commutators that require periodic
maintenance. Brush length and brush pressure have to be checked periodically to ensure proper
contact with the commutator. Brush dust build up on components creates a potential for
electrical shorts, grounds and may prevent adequate cooling and has to be periodically cleaned
from the machines. The commutator bars have to be periodically inspected and cleaned; the bar
insulation may need to be milled down as the bar metal wears.

Dust and other debris have to be periodically cleaned from the machine to allow adequate
ventilation and cooling. If build up is significant, a machine may need to be overhauled to
satisfactorily clean the machine.

Older analog regulators require periodic maintenance to ensure they are in calibration and
functioning properly. Calibrated set points often drift over time and require recalibration before
they drift out of allowable tolerances. Temperature and other environmental factors can cause
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changes in set points that have to be accounted for in the allowable set-point range. Wear and
mechanical failure can cause components such as motorized potentiometers to operate erratically
or to fail completely. The various settings in the regulator and associate components, such as
protective relays, limiters, power system stabilizers, etc., can be laborious to set properly, and
often have to be rechecked and recalibrated every two to four years.

Belt driven equipment may require added maintenance to ensure proper alignment and tension.
The equipment often requires periodic belt replacement due to wear and deterioration of the
belts.

Additional maintenance manpower may be required to maintain the DC field breaker (reference
2). Being not as common as AC breakers, the DC breaker may require long lead times for
certain replacement parts, if available. By interrupting DC current, the breaker is subjected to
more severe duty than does an equivalently sized AC breaker, and because of this, may require
more frequent inspections and maintenance.

Efficiency

Whether a rotating exciter is powered from the generator’s shaft, a drive motor or a separate
turbine, the plant’s output is reduced by the energy needed to drive the exciter. Frictional losses
in the bearings, and windage losses from the spinning rotor and fan, represent energy that is not
available for output.

The windings of the exciter field and armature have ohmic losses that also represent energy that
is unavailable as output. Additional loss may be due to cooling requirements for the exciter.
Power requirements for providing lube oil to the rotating exciter are usually insignificant, though
can represent some small loss.

Pilot exciters and exciter drive motors will have similar losses as given above for the main
rotating exciter. Although the total loss from the exciters, pilot exciters and motors are just a
small fraction of the total plant’s output, it does represent actual value that cannot be realized and
sold to the consumer.

Part Obsolescence

As with any older system and equipment, obtaining parts for an older excitation system can
become difficult, if not impossible. Manufacturers often find it is not economically feasible to
continue providing replacement parts for equipment that has been out of production for a decade
or more. The low volume of orders for the parts may cause the production and the inventory of
old parts to be cost prohibitive. Additionally, mergers, acquisitions, and business closures may
hasten the unavailability of replacement parts.

Occasionally, after market parts may be available from other suppliers. However, the

availability of after-market parts is based upon the need for the parts justifying the cost of
manufacturing. As the age of a system increases, there will likely be less similar systems in
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service, and there will be less demand to justify continued manufacture and inventory of the parts
by the after-market suppliers. Another possible source for spare parts could be other plants with
a similar system. Although, the older the system, the less likely the exact same system will be in
service at another plant that is willing to relinquish needed parts.

Part obsolescence can cause a significant cost to a plant if the part cannot be obtained or requires
a long lead time. Plants have had to rent or borrow regulators and other components until a
needed part could be acquired and repairs made. Although the cost of obtaining, installing and
setting-up a temporary component is less than the cost of lost production, it still can be a
significant expense.

System and component obsolescence can be a major factor in determining whether to retrofit or
upgrade. Not only should the cost of obtaining parts be considered, but the impact on the plant
as well, such as lost production.

Reliability

As the equipment ages and wears, system and component failures can become more prevalent
causing more frequent forced outages. Not only is there a loss in production, but forced and
unscheduled outages typically cost a utility more for replacement power than for a scheduled
outage.

Other reasons listed in this section for upgrading or retrofitting the excitation system can have an
effect on the system’s reliability. Maintenance costs may limit the amount of work that can be
performed on the system. Limited budgets may cause periodic maintenance outage intervals to
increase and other necessary work to be deferred. With less maintenance, the possibility of
decreased reliability may occur. Additionally, obsolescence may cause parts that should be
replaced to remain in service, again potentially causing a decrease in reliability of the system.

Since electrical power production is dependent upon the proper functioning of the excitation
system, the reliability of the entire plant is directly and adversely impacted by decreased
excitation system reliability. Any measure, such as an excitation system retrofit, that improves
the plant’s reliability can typically be shown to provide a substantial benefit by reducing lost
production.

Availability

While reliability is a measure of the system’s ability to function properly when in operation,
availability is a measure of the time the system can be in service. A system that requires
frequent and lengthy periods of maintenance has low availability even though it might have high
reliability. Low availability, like low reliability, represents lost production; although with low
availability, the system down time may often be scheduled versus forced outages and
unscheduled maintenance.
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Aged components may require more frequent and longer duration maintenance, making the
system, and the plant, less available for producing power. Even when the maintenance can be
performed during scheduled outages, production can be lost if the excitation system maintenance
becomes critical path.

Besides age-related failure and wear, part obsolescence and the loss of skilled experienced
service personnel can adversely affect the system’s availability.

Generator Up-Rate

Many companies are economically producing more power by taking advantage of design
margins in the plant which may allow operation at higher levels of power. However, the
excitation system may not have the design margin to be able to operate or respond to transients at
a higher power level. In order to take advantage of the higher power levels, or plant uprate,
certain limiting plant components and systems, possibly including the excitation system, will
need to be replaced or upgraded.

The increase in revenue from uprated power production alone will likely provide economical
justification to upgrade or retrofit the excitation system. Coupled with other reasons such as
increased reliability and availability, reduced maintenance, and better performance, solid
justification for upgrading or retrofitting the excitation system can often be had.

Poor Transient Response

Older excitation systems may not be able to react fast enough to a grid distribution, causing the
generator to trip. Newer excitation systems may eliminate time constants associated with pilot
and main exciter field windings, providing faster and better transient response. Higher excitation
ceilings may be achieved and possibly two-quadrant operation (positive and negative field
forcing) with modern excitation systems. A higher excitation ceiling and fast response allows
for better coordination with electrical system protective relays. With better coordination, and by
providing more time for protective relays to trip appropriate breakers to clear a remote fault, the
newer excitation system can keep the generator on line during transients that otherwise may trip
the plant.

Reliability council requirements may dictate accurate system models and certain transient
response characteristics of excitation equipment. Some of the requirements for new and
upgraded excitation systems may include: high initial response as defined in IEEE 421.1
(reference 3) and an excitation ceiling voltage of 150% with an external disturbance causing
generator terminal voltage to drop to 70%. Although these requirements usually do not force an
upgrade to an existing excitation system, they do represent desired performance, and may be
required if significant work is to be done on the excitation system.
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Data Logging

Digital excitation equipment typically provides some capability to record system parameter
points and sensed or monitored points, such as generator terminal voltage and current. These
points can later be retrieved in tabular or graphical format for assessment and analysis. Analysis
and corrective actions for electric system disturbances can be facilitated by accurate recording of
the transient. Periodic response testing, often required by reliability councils, can be simplified
by the data-logging or oscillograph functions of the digital voltage regulator.

Remote Operation

Digital regulators are often equipped with communication ports that allow monitoring and
control via a computer network. In an effort to improve efficiency, plants may need to be
operated from a remote location or from a distance over which analog control signals cannot be
effectively transmitted.

Smaller units at remote locations can be controlled from a central location. Multi-unit plants can
be operated from a control room on the same site but situated relatively far from one or more
units. Independent System Operators (ISO’s) in the USA and similar organizations in other
countries may require the ability to monitor and/or control generator VARS and other parameters
to maintain electric system stability.

Monitoring and analysis also can be performed at locations remote from the plant. The
performance of the excitation system can be checked and analysis of transients can be performed
virtually anywhere in world with a computer and an appropriate network connection. However,
in practice, network and computer security requirements will limit access. Still, the data
recorded by the digital regulator can often be accessed as needed at key remote locations.

Reduce Demand on Operators

With older excitation systems, plant operators may have to spend a considerable amount of time
monitoring the system and making adjustments as needed. One task commonly required is to
periodically check the null meter to verify that the outputs of the automatic and manual
regulators are the same, and make adjustment as needed. This is necessary to ensure that if the
system were to transfer to the manual regulator due to a fault in the automatic regulator, the
transfer will be bumpless and not cause a transient.

Plant start up and synchronization are other tasks which demand operator attention. Putting the
system into service, flashing and energizing the generator field, monitoring generator voltage and
system parameters, and finally, synchronizing and switching to the automatic regulator distracts
the operator from other duties in the plant or may require an additional operator.

Modern digital excitation systems provide features that can relieve the plant’s operators from

many of the routine duties associated with start up of the excitation system. Commonly included
features are:
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e Self start - the excitation system on command will put itself in service, perform diagnostic
checks and monitor its own performance.

e Field flashing and putting the regulator into service.

e Soft start with the regulator raising generator terminal voltage at a pre-determined rate and
preventing voltage overshoot.

e Built-in volts/hertz and off-line and on-line voltage limiters ensure that generator and
generator step transformer volts per hertz limits are not exceeded.

e Auto synchronization, as a possible option, automatically adjusts generator output and closes
the generator output breaker at precisely the correct point.

e Auto-tracking between the automatic and manual regulators, or between redundant
regulators, ensures that if a regulator transfer occurs it will be bumpless and without causing
a disturbance.

e Backup control channels can extend the redundancy of the system by providing backup
control of the excitation system.

Certain modern, completely digitally-controlled plants, such as combustion turbine plants, may
operate with a single operator at times, who can solely start one or more units within minutes.
The digital excitation system plays a big part in providing the lone operator the ability to start
and place a unit on line. Plants that still require more than one operator still benefit from digital
excitation systems. The operations staff can be reduced or the operators can devote their
attention to other critical aspects of starting and running the plant.

No Knowledgeable System Experts

As specific excitation systems get older, the availability of knowledgeable service personnel with
the skill and experience typically decreases. The original equipment manufacturer may have
stopped supporting certain old equipment, or may no longer be in business. Service support
companies likely will not have personnel who are trained and experienced with older, less
common systems as the demand for such support does not justify the training or provide the
experience. Personnel who have been testing, maintaining and troubleshooting the system for
years may have retired, moved to other positions, or have become otherwise unavailable, taking
their unique system knowledge and experience with them.

Some level of support can usually be obtained for any system, particularly from companies
having personnel with a broad general knowledge of excitation systems and familiarity with the
various excitation system schemes that have been used and put into service. However, intricate
knowledge of the various components and interactions between the components and the rest of
the system is often lacking. The modern digital systems being fairly new should have support
for years to come, and as the systems become more common, the support availability may
actually increase. Furthermore, the digital systems typically incorporate self diagnostics and
troubleshooting features.
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Available Opportunity for Excitation System Outage

Occasionally, a plant may need an extended outage to perform extensive modifications and
repairs on systems and equipment other than the excitation system. An extended outage presents
an opportunity to install and commission a new excitation system without the installation being
critical path. While an opportune outage is not a valid reason in and of itself to retrofit a new
excitation system, it does provide an economical incentive to install a new system earlier than
otherwise necessary.

Of course the impact of installing a new excitation system on the outage would have to be
analyzed. The ability of the plant to support the added work and provide sufficient manpower
and resources needed would have to be verified. Additionally, at the end of the outage, the new
excitation system will require start-up and some testing and tuning which could actually add a
little time to the outage length. However, during a long outage, the new excitation system could
be installed, commissioned, tested and pre-tuned to be ready at the end of the outage. Typically
an excitation system upgrade or retrofit can be performed within an outage of a few weeks at
most.

Personnel Hazards

Older electrical and rotating equipment does not have the designed and built-in safety features
typically included with modern equipment. Present day requirements and regulations often
dictate significant personnel safety features in electrical equipment. Older excitation equipment
often has exposed bus bars, unguarded rotating elements, easily accessible electrical connections,
and other potentially harmful items that present hazards to personnel working on the system.
Additionally, older systems may contain asbestos and other materials that are now known to be
harmful.

Modern day equipment is often supplied with built-in barriers and guards to protect personnel
from inadvertent contact with energized components. Plexiglas shields allow visual inspection
and are usually easily removable and replaceable to allow maintenance on the covered
components. The following are real examples of hazards in older excitation equipment. The
first two are actual electrical shock incidences and the third is a potentially fatal design flaw.

Electrical Shock Incidences

A maintenance electrician was in the process of inspecting the main generator exciter enclosure.
During the inspection, the electrician began cleaning up an oil spill near the exciter brush rigging
support. While wiping up the oil, the electrician's thumb came in contact with the rigging
support and he received an electrical shock.

A plant was shutdown and the turbine generator on turning gear, when two machinists entered
the generator alternator housing to view the location where run out checks of the generator rings
were to be performed. A work group supervisor and an electrician were escorting the
machinists. Without warning, one of the machinists reached out and touched the area where he
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would be mounting a mechanical indicator. As he touched the component, he felt a slight
electrical shock in his forearm.

A well known and respected manufacturer had provided excitation cabinets with a potentially
serious design flaw. The 480-volt feed cables were routed through the top of the cabinet, past
the cabinet’s main breaker to an exposed terminal block. From the terminal block, jumper cables
ran back to the top of the main breaker. The safety hazard of this design is significant as a
worker could easily and accidentally make contact with the exposed terminal block which was
mounted at elbow height. Even with the cabinet’s main breaker locked and tagged out, the
terminal block was still energized. This is a design mistake that could have seriously injured a
worker. Modern equipment is designed and supplied now with a much greater detail given to
personnel safety. Though the risks cannot be totally eliminated usually there will a lowering of
the risk.

Failure Incidences

The following are failure incidences that occurred with older excitation systems. The incidences
may not have occurred with a modern static excitation, or may have been minimized or
prevented with a modern digital regulator used with a rotating exciter.

With a unit operating at 88 percent power, vibration levels on the main turbine-generator
alternator exciter bearings increased. Operator actions in correcting the vibrations were
unsuccessful and the unit was manually tripped. The high vibrations occurred when oil
deflectors for the vibration probe assemblies, installed at each exciter bearing, rubbed the rotor
shaft. The oil deflectors were determined to have an insufficient bore to maintain clearance with
the rotating shaft to prevent rubbing. The root cause of this event was that the vendor did not use
the correct drawing and manufactured the deflectors with the wrong inner diameter.

A unit was operating at 50 percent power steady state when the generator tripped. Failure of the
main generator exciter bearing caused the armature of the Permanent Magnet Generator (PMG)
to grind into its stator. When this occurred, the PMG discontinued supplying voltage to the field
of the main exciter. The event was caused by not performing a weekly generator exciter bearing
ground insulation check. This allowed a prolonged ground resulting in the failure of the
generator exciter bearing.

During a unit outage, the coupling between the main generator and the exciter was dropped while
being rigged. The coupling weighs 350 to 500 pounds and was dropped approximately five feet.
No injuries occurred as a result of the event. However, the coupling sustained some damage.

A nuclear unit was tripped when an undervoltage condition was sensed on the buses feeding the
reactor coolant pumps. The unit safely shutdown and an investigation determined the
undervoltage condition was caused by the main generator being transferred from the automatic
voltage regulator to the manual voltage regulator. The transfer was initiated by a defective
exciter field current limiter, and would not have caused an undervoltage condition if the manual
regulator’s set point was adjusted to match that of the automatic regulator. There was no auto-
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tracking feature between the regulators, and the station procedures failed to have the operator
periodically monitor the null meter and adjust the manual voltage regulator as needed.

An incident at another plant involving a mis-operation caused a potentially dangerous transient.
Because of historical problems with the GEN VOLTS ADJ (90P) potentiometer in the automatic
voltage regulator,

Operators were required to perform a weekly PM of transferring generator voltage
control to MANUAL and wiping 90P by cycling it full scale in both lower and upper
directions.

Operator experienced a problem performing this PM. Generator voltage control was
successfully transferred to MANUAL, but instead of taking 90P to LOWER, the Operator
mistakenly operated the EXCITER VOLTS ADJUST (70P) potentiometer. Generator
output voltage went to its minimum value, the Transfer VVoltmeter indicated +2.5 V, and a
Low MVAR alarm actuated. Believing that something had happened to the MANUAL
Regulator, the Operator attempted to re-null the Transfer Voltmeter by operating 90P, but
the Transfer Voltmeter remained at +2.5 V. Not realizing that this indicated maximum
unbalance between the AC and DC regulators, control was shifted back to AUTO. This
transfer resulted in generator MVVAR transient from -230 MVAR to +775 MVAR
(generator rating is 484 MVAR). Grid response and quick reflexes allowed the Operator
to reduce MVAR load back to within the generator capability curve within the next 14
seconds before any serious core end heating or field heating occurred.

A fully modern excitation system cannot eliminate all failure modes nor prevent all mis-
operations. However, safeguards built into the newer equipment can often help prevent or
minimize many failures and mis-occurences.

Upgrade or Retrofit Alternatives

Just as there are reasons to upgrade or retrofit the excitation system, there are reasons not to
upgrade or retrofit. It would be prudent to ensure that all alternative solutions have been
eliminated prior to committing funds for an upgrade or a retrofit. This is not to say that an
upgrade or a retrofit should be avoided or delayed, but that careful analysis should be performed
so that the best possible solution to an excitation system problem can be selected. The goal is to
select the most economical means to achieve the best possible reliability, efficiency and
availability from the excitation system. Alternative to an upgrade or retrofit to solve excitation
problems can include:

e Maintenance Program Enhancement
e Environmental Improvement

e Subcomponent Upgrade

e Limited System Upgrade
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Maintenance Problem Enhancement

An improvement to the maintenance program may be the best solution. With various new
technologies and techniques developed since the 1980s, certain problems can be identified and
corrected before they become evident through failures and poor performance. For example,
failures of electrical and electronic components may not be directly age related, but may be due
to component overheating. A predictive maintenance technology such as thermography may be
able to identify the overheating before it can cause additional failures.

Thermography can be used to identify overheating caused by poor or blocked ventilation,
cooling subsystem problems, over-burdened components and numerous other causes. One
instance was found where a modification located an external heat source near the excitation
equipment. The excitation failures weren’t age related or caused by defective components, but
rather the components were being slowly cooked to failure. Identifying and correcting the ill-
positioned heat source rectified the problem with the excitation system. An upgrade to newer
excitation equipment would obviously have been a mistake in this case, as the problem was not
with the old system and its components.

Environment Improvement

Environmental or external factors that may be affecting the reliability and performance of the
excitation system can include: vibration from nearby equipment; changes in ambient temperature
and humidity; activities creating dust and dirt; and components or structures blocking air flow. It
is important to identify whether these or other possible causes are responsible for adversely
affecting the system. In these cases, an excitation system upgrade or retrofit would be an
unnecessary expenditure that may or may not eliminate system problems. ldentifying and
rectifying ambient factors having a detrimental impact on the excitation system could be the
solution to reliability issues with the excitation system.

Subcomponent Upgrade

Another possible reason for wanting to upgrade the excitation system may be component failures
which cause poor reliability. Maintenance may be troublesome on these components and
obsolescence may make obtaining spare parts difficult. In cases where age-related failures are
occurring and are not due to external factors, it may be possible to upgrade the particular
component. Thereby the reliability of the excitation system can be restored and maintenance
decreased without having to upgrade or retrofit the entire system.

An example of where a component can be replaced to restore reliability is on the diode wheel of
a brushless exciter. Age failures of capacitors in the diode modules can short out the diodes.
The module design prevents ready replacement of the capacitors, and part obsolescence makes
obtaining spare modules difficult. After-market diode modules can be obtained and installed to
replace the original manufacturer’s modules. The new modules being of a heftier design and
allowing ready replacement of subcomponents such as the capacitor can restore the exciter’s
reliability and reduce maintenance costs.
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Limited System Upgrade

In other cases, upgrading a major component instead of the entire system may be the best
solution to excitation system problems. When the rotating exciter is still in good condition and
not causing operational and maintenance issues, problems with poor response, age-related wear
of regulator components, lack of redundancy, excessive operator attention, and other factors can
be relieved by just upgrading the voltage regulator. A new, modern digital-voltage regulator can
provide much of the functionality, performance and reliability of a new excitation system at a
fraction of the cost, provided that the rest of the existing system is in good condition and has
many years of remaining life. Additionally, on those systems with pilot exciters, both the pilot
exciter and voltage regulator may be able to be replaced by a new voltage regulator.

Upgrade or Retrofit Concerns

A complete upgrade or retrofit of the excitation system as described in the previous section may
not be the best solution to reliability and other system issues. Furthermore the upgrade or retrofit
may cause new issues or concerns which will need to be addressed in the design, installation and
commissioning of the modification. Some of these other issues and concerns are:

e Additional failure modes may be introduced by new equipment and circuit configurations.

e Infant mortality failures of circuit cards and other components can adversely impact initial
reliability of new system.

e New and increased skill levels may be required of craftsmen and technicians in order to
maintain, test, troubleshoot and repair the new system.

e A greater reliance on vendor support may be needed to service new equipment.

e Lateral and torsional vibration characteristics of generator can be altered by removal of old
excitation equipment and installation of new equipment.

e New power sources may be required to supply excitation system.

e New cabinets and other components, such as a power potential transformer may require
significantly more floor space than what is made available by removal of the old equipment.

e Heavy components, such as the power potential transformer, may require structural
modification to facility in order to support the added load.

e New electronic components may require special environmental features, such as air
conditioning.
e Operators, technician and other plant personnel will require training on the new system.

e Power electronics components may cause harmonic distortion on electric lines, and possibly
cause radio frequency inference.

e Longevity of specific models may impact the length of time new excitation equipment will
be serviceable. Specific models of digital exciters have had only six to ten years of
manufacturing runs, before the manufacturers switch to newer models. Spare parts and OEM
service may only be available for limited number of years after the manufacturing run.
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There are other issues and concerns with a complete upgrade of the excitation system; some may
be particular to one type of system and not to others. However, all the issues and concerns are
not insurmountable and can be dealt with in a properly designed and implemented modification.

If the entire excitation system is antiquated and causing operational and maintenance problems,
the utility should not be discouraged from upgrading or retrofitting the entire system. This may
be the best cause of action, producing the highest reliability and availability, and being the most
economical solution. However, it is a decision which cannot be rushed into and implemented
hastily. In many cases, the best economical decision can be improved maintenance or simple
component modifications. The cost-benefit section in Appendix D of EPRI Report 1004556
“Tools To Optimize Maintenance of Generator Excitation System, Voltage Regulator and Field
Ground Protection” can help analyze problems with the excitation system and determine the best
course of action to take.

Excitation Systems

A number of sources on-line and in literature provide excellent descriptions of excitation systems
and components. It is not necessary to reproduce this information in this guide, nor the intent for
this to do so. The IEEE 421 standards (references 1, 3, 4, 5 & 6) provide information on various
excitation systems and their models. An overview of various excitation systems can be found in
the EPRI Report “Tools to Optimize Maintenance of Generator Excitation System, Voltage
Regulator and Field Ground Protection” (reference 7).
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UPGRADES AND RETROFITS

There are numerous varieties of excitation equipment and schemes used today in electric power
production; some of the equipment dating back eighty years or more. For each excitation system
there are several different ways to upgrade or retrofit the system. As discussed in the previous
chapter, the system can be partially upgraded by replacing minor or major components. An
entire retrofit of the system can be performed by replacing the whole system with a completely
new and different system.

The different combinations of excitation systems and upgrades are too numerous to discuss each
in detail in this guide and would not serve much benefit. This section is to provide a general
overview that will cover different ways an upgrade or retrofit can be accomplished. From this
general overview, an idea can be formed of which upgrades and retrofits will be beneficial.

Component Replacement

In some cases, system reliability can be enhanced by replacing or upgrading minor components
in the system, such as diode modules on a brushless exciter as mentioned in the previous section
on Reasons Not to Upgrade or Retrofit. Certain components, such as surge capacitors, may have
a limited lifetime, and need to be replaced on a periodic basis to prevent in-service failure. A
ten-year replacement of electrolytic capacitors is not uncommon and does not require extensive
maintenance expenditure. Additionally, items such as capacitors are common place and not
typically obsolescence issues. Although the exact same make and model may no longer be
available, another make and model with the exact same ratings can usually be easily obtained.

Besides capacitors, other items that might require periodic replacement to maintain system
reliability can include diodes, thyristors, and relays or relay coils. Replacement parts for all
items will not necessarily be as easily obtainable as capacitors. If a routine replacement program
is established, adequate lead should be available to obtain sufficient replacements of the exact
item or to evaluate and obtain sufficient equivalent replacements.

When replacing minor components it is important to ensure that there is not an external factor
that is adversely affecting component life. Excessive heat, humidity, electrical surges,
contaminants and vibration can cause components to prematurely fail. Identifying and correcting
these external factors, if present, can reduce or possibly eliminate the need for periodic
replacements.

Upgrading minor components that are sources of decreased system reliability or part of a
periodic preventive maintenance replacement program can improve reliability and extend the
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component replacement period. Capacitors, diodes and other items which are designed and
manufactured to better withstand temperature, voltage spikes, overcurrent and other factors may
be obtainable and offer longer service life.

Even more complex items such as circuit cards may be reversed engineered and replacements
provided by companies that offer this service. The reversed engineered after-market boards can
offer improved performance and reliability by taking advantage of materials and technology
which may not have been available at the time the original boards were manufactured. When
obtaining reversed engineered boards and other components, assurance should be obtained from
knowledgeable parties that the original equipment manufacturer’s rights are respected. Patents
and other rights may have expired by the time a replacement is necessary, and may not even be
applicable in all cases; however, this guide does not intend to and cannot provide assurance of
such. A company’s legal department or purchasing department may be able to provide the
needed assurance, or the original equipment manufacturer may provide such assurance if they
consider the part obsolete.

An equivalency evaluation should be performed to ensure that the upgraded and replacement
components meet all the requirements of the original components and that the replacements will
be economically beneficial. Most plants, or their parent companies, have in-house procedures
and processes for evaluating replacement components, usually through their engineering or
purchasing departments. Additionally, the excitation system’s original equipment manufacturer
may be able to recommend, or even provide an upgrade component.

The periodic replacement of minor components are a continuing expenditure, though are likely
only a fraction of the cost of replacing a major component such as the voltage regulator or the
entire excitation system. However, if there are other problems or issues with the excitation
system, the periodic component replacement and the upgrade of minor components can represent
an expense that is not beneficial to the plant’s overall reliability. A common theme presented
throughout this guide is that a careful cost benefit analysis and system evaluation will ensure that
the best and most economical solution is used to address excitation problems and issues. The best
solution may be simple, minor component replacement, and in other cases with other plants the
best solution may be an upgrade to a major component or a system retrofit. In some cases an
improved version of an original component may be available. Examples include solid state
devices to replace motor operated potentiometers (a frequent source of reliability problems) and
pneumatic timing relays.

Major Component Replacement

Major components such as a pilot exciter and the voltage regulator may require upgrade or
replacement in certain instances. Replacement and upgrade of major components is not always
the best solution to excitation system problems and issues. Bearing failure, winding faults and
other problems with a pilot exciter may be repairable, though costly and could reduce the
reliability of the pilot exciter. Failures and trouble with multiple components and with
components that do not have available replacements may require change out of a major
component. Parts for items such as motor driven potentiometers and rheostats, particularly with
old or less common systems, may be impossible to obtain and may be too difficult or expensive
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to have a single unit fabricated. Furthermore, replacing one component does not offer increased
reliability of other potentially faulty components in the system. It will not be worthwhile to
expend an amount of money and effort to obtain a replacement for one component when other
components in the system are likely to fail or cause decreased system reliability.

Other issues with the excitation system besides the reliability of minor components may
necessitate a major component replacement. Performance issues may necessitate an upgrade. A
higher excitation capacity and faster response time, both to better handle transients, may be
desired and needed to improve plant reliability and aid electrical system stability. Reliability
enhancements such redundant or back-up regulators with auto-tracking may be essential not only
for improved reliability, but for increased availability of the system. Operations and
maintenance man-power requirements are usually reduced with the new voltage regulators.
Modern digital regulators can offer soft start and auto synchronization, along with the previously
mentioned auto-tracking between regulators, all which reduce the attention needed from the
operators. On-board diagnostics and test features, as well as simplified tuning requirements, aid
in reducing maintenance requirements.

If the main exciter is in good condition and has years of predictable remaining life, it can be
economically reasonable to keep the main exciter in service and only upgrade the voltage
regulators, and pilot exciter if applicable. Though the main exciter will still require more
maintenance than that required for a completely new modern static exciter, the benefit of
reducing the continued maintenance may not outweigh the cost of a complete static exciter.
Additionally, by keeping the main exciter, a new electrical power source for the generator field is
not needed. Problems or predictable potential problems with the main exciter may eliminate the
advantage of keeping the exciter. Again, a cost benefit analysis that includes the actual
maintenance costs and a reasonable prediction of future maintenance requirements will aid in
determining whether to keep the main exciter.

In systems with a pilot exciter, the pilot exciter may be retained or replaced along with the
original voltage regulator. There are advantages and disadvantages to either option. In retaining
the pilot exciter a separate feed is not needed to provide the power necessary for the main
exciter’s field. As with the main exciter, the pilot exciter has to be in good condition with years
of remaining predictable life. Often, it is better to replace the pilot exciter, eliminating potential
problems and required maintenance. Typically, a power source for the main exciter’s field can
be made available in most plants, eliminating the need for a pilot exciter.

Exciter Replacement

Obviously with a complete excitation system replacement the benefits of an entirely new system
are realized. If the original system had performance issues in which transient response was
insufficient, or if the excitation system was a limiting factor in up-rating the plant, a new system
can eliminate these issues. Reliability and maintenance concerns with the original system can
also be eliminated. In most systems, only the collector rings and generator field will remain,
possibly with some of the old control elements.

Old excitation systems having separately driven exciters provide a relatively clean retrofit of a
static exciter into the system. In somewhat oversimplified terms, the retrofit consists of
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connecting the new static exciter’s output to the generator’s brush rigging, in place of the old
exciter’s output. The old exciter may be left in place, or removed to make floor space available
and for possible salvage value.

Retrofits of direct driven exciters with a static exciter can also be thought, in oversimplified
terms, as connecting the new static exciter’s output to the generator’s brush rigging in place of
the old exciter’s output. There is usually no technical reason to remove the old exciter as long as
it is decoupled and adequate clearance prevents expansion of the generator shaft causing the
generator (collector) shaft to contact the exciter shaft. The existing collector rings, shaft,
bearing, brush rigging, enclosure and cooling can be retained. If the original exciter has to be
removed, possibly for floor space, modification to the collector enclosure and the cooling system
may be required.

A retrofit of an older static exciter to a new static exciter is perhaps the simplest to make. The
existing Power Potential Transformer (PPT), field breaker, power bridges and power cables may
be retained if in good condition of the necessary capacity. If negative field forcing is required,
the power bridges will also have to support a two quadrant operation. In many cases the static
excitation system may just need an upgraded voltage regulator.

A brushless exciter is more complicated and costly to upgrade to a static system. The rotating
exciter has to be removed, collector rings and brush rigging installed, adding bearing(s) and lube
oil supply/drain for the stub, and enclosure for the rings fabricated. Other major issues can
include maintaining hydrogen cooling system integrity and providing ventilation and cooling for
the rings. Still, replacing a brushless system with a static system can often be economically
desirable and be installed during a routine maintenance outage.

The new static exciter, whether for a brushed or brushless original system, will require space in
which to be installed and have field power and control power circuits supplied to it. Larger
units may require cooling for the bridges, though many are simply air cooled. Interfaces to
existing controls, protective relaying and other circuits will need to be made.

Most static excitation system retrofits will require a new power source to supply the generator’s
field. A PPT connected to the generator’s output, or a station bus, is used to feed power to the
static exciter for the generator field current. It is usually preferable to use the generator output,
making a tie at the generator breaker, unit auxiliary transformer, or if necessary, by tapping into
the isophase bus. A station bus is often easier to connect into, however, considerations regarding
the effects on the exciter from bus switching, large motor starts and other bus transients have to
be made. Additionally, the effect on the bus from the exciter, particularly when responding to a
generator transient, will also have to be considered.

Not all excitation system upgrades are to install digital static systems. Some plants may prefer
an analog voltage regulator and a rotating exciter. Some reasons for these preferences are:
familiarity with analog regulators, availability of a rotating exciter, maintaining similarity
between equipment in other units at the plant and other company operated plants, a preference
for discrete analog components over a nearly all-inclusive digital processor, and keeping a
resemblance to the original system. Installing a new analog regulator and/or a rotating exciter is
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not usually less complicated nor less costly than a digital static system, and could in fact be more
complicated. The set up, testing and tuning of the regulator can be more difficult and lengthy.
Lubrication and cooling for the rotating exciter will likely have to be altered to match the new
fittings. The new exciter will need to be balanced and aligned, and may require foundation
rework.

Regardless of whether the retrofit is to install a static or rotating exciter, the voltage regulator
and other parts of the system will need to interface with control and relaying circuits. The
control circuit may be entirely replaced, with digital operator controls and touch screens, or tied
into an existing DCS system. Another option includes maintaining the existing controls and
meters by having the new excitation system equipped with appropriate interfaces. A variation of
this option may retain portions of existing controls, such as metering, while the actual control
devices are upgraded to digital devices,. If retaining the existing controls, or installing a separate
digital excitation control system, consideration should be given to providing for possible future
tie-in to a plant DCS system. Even if the plant does not currently have a DCS, a number of
plants have upgraded to a DCS system and many will likely do so in the future. It should be a
relativity simple matter to specify the new excitation system providing for a DCS interface.

More detailed discussion on the various options and types of retrofit is presented later in this
guide. Considerations on the decision to upgrade or retrofit and the issues and various factors
involved in the specification, design, installation and commissioning will be covered in more
detail than in this introductory section.

An important last note in this section is to make sure that the operators are aware of the
differences in operation that they will see with the new excitation equipment. One difference
that has caused concern at first with operators was noticeable fluctuations in VARS due to a
more accurate and faster acting regulator. Although a new system is performing correctly, and
better than the previous system, differences in exciter and generator performances should not be
allowed to create a concern with the operators or cause them to question if the system is
performing correctly.

2-5






3

INITIAL PROCESSES

As with any major project a detailed and deliberate process for developing and implementing the
modification has to be followed to ensure that issues are properly addressed and that the
modification is as cost effective as possible. Most plants have detailed procedures and processes
for developing and implementing modifications. This chapter is intended to provide guidance
particular to excitation systems that only supplements existing procedures and processes.
Information for consideration during the initial processes in excitation system upgrade or retrofit
is provided in this chapter. A basic outline of the initial processes is as follows:

e Identify major and minor issues with the existing system, and required and desired features
of the new system with consideration for potential future unit uprates

e Assess condition of existing equipment and circuits

e Evaluate and determine initial scope of modification, whether to replace minor component,
upgrade a major component, or retrofit an entire new system

e Ensure accurate complete documentation of the modification process

The above outline and the detailed description that follows are not necessarily in sequential
order. Certain items may be performed simultaneously or out of the order shown. For example,
ascertaining the condition of wiring and existing equipment may add a major issue to those
already identified for the existing system.

Existing System Issues

Obviously the need to upgrade or retrofit the excitation system must start with problems or issues
with the original system. The upgrade or retrofit will be a major expenditure and the benefits of
the new system must be clearly shown. By identifying all the problems and issues with the
original system, the new excitation equipment can be chosen with the features that are needed
without expending more funds than necessary. While there may be one or a few primary issues
that a new system is required to address, secondary and smaller issues should also be addressed.
It is much better to identify all the desired features for a new system up front than trying to add
more features later in the process. Starting with a complete list of all desired features and
requirements will allow items which are not cost effective or practical to be eliminated, while
ensuring the inclusion of items which are needed.

Issues and Problems

Problems and issues to be addressed by the new system can include:
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e Equipment failure/system reliability

e Equipment and system availability

e Condition of existing equipment

e Inadequate transient response time

e Need for two quadrant operation, negative field forcing

e Lack of capacity/Power uprate

e Excessive maintenance

e Excessive operator burden

e Lack of auto-start and auto synchronization

e Lack of soft start capability

e No redundancy of components

e No auto-tracking between regulators

e Lack of remote operation capability

e Lack of self and remote diagnostics

e Lack of data logging capabilities

e Poor operator interface

e No built-in testing and tuning features

Some of the features may seem to be, and can be redundant to other listed features. For example
the items for auto start and synchronization, auto-tracking, remote operation and operator
interface can be included in the item for reduced operator burden. However, listing them
separately ensures that these items stand out and are identified as not all new systems may
include them. If desired, these items could be listed as sub-items under reduced operator
burden. Similarly items relating to maintenance, reliability and other areas can be listed as sub
items of their specific areas. It is important to realize that the above list is not complete and

should not be considered all inclusive. Each plant is unique in certain aspects and issues, and
features important and applicable to one plant may not be so for another.

Identification of the issues that have to be addressed is the first step to the upgrade or retrofit
process. The first three listed items of failures, reliability and availability may be addressed by
simple replacement or upgrade of minor components. Though some of the other issues and
features listed may be desirable, they may not be cost effective if the major issues are only with
minor components. Obviously, if the major issues are not addressable by handling problems
with components, then the cost effectiveness of including desired features improves with a larger
scope.

Having identified the major issues with the existing system and desired features in the new
system, the type and scope of the system modification can be evaluated and determined.
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Depending on the scope of the modification, desired features can be included or eliminated from
the change based upon whether they can be cost effective.

Experience from Other Plants

The value of the experience from plants that have performed an excitation system upgrade or
retrofit cannot be overstated. Other plants may have had issues with their excitation system
similar to those at one’s own plant. Talking with and obtaining information from personnel at
other plants which have performed a similar modification will aid in determining if a project to
upgrade or retrofit the excitation system upgrade or retrofit should be implemented.

Additionally, studying their lessons learned will prevent having to learn the lessons through
one’s own trial and error process. Of course the purpose of this guide is to provide a compilation
of “lessons learned” and “best practices” based upon the experiences of plants that have
performed the retrofit and upgrades. Still unique and specific experiences can be garnered by
communicating with experienced plants.

If possible, a visit to one or more plants with a new excitation system will provide even more
help with developing and implementing one’s own modification. Especially when the
experienced plants are very similar to one’s own plant, information regarding the issues that
were addressed, the benefits that were achieved, the type of equipment which was installed and
processes to develop and implement the modification can only help and improve one’s own
modification development and implementation process.

System Condition Assessment

Equipment

The condition of the main exciter, pilot exciter, if present, and other components should be
assessed and a determination made of remaining life. If components are in good condition and
can reasonably be expected to have significant life, it may be desirable to retain some or all of
the components if an upgrade or retrofit is performed (reference 1). Ascertaining the condition
of the equipment will aid in the determination whether to uprate or retrofit; and will aid in
determining the scope of the upgrade or retrofit if one is to be performed. Additionally,
equipment determined to have faults, or is failing, can provide economical justification for a
modification.

Data from previous testing and maintenance of the exciter and other components can be used in
lieu of, or in conjunction, with the preliminary testing if that data is sufficient enough for making
a well based decision on the equipment’s condition.

The condition of the main generator, including the field and collector rings, should also be

assessed, especially with older machines, to ensure that potential generator problems will not
negate the expected benefits from upgrading the excitation system. Generator condition testing
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may not be necessary, as with the exciter, if it is known that the generator is in good condition
based upon previous test data and maintenance overhauls

Circuits

The condition of control and power cables should be assessed early in the project. This will aid
in determining the scope of the modification and if wiring problems could be become an issue
during implementation of the modification. In older plants the existing wire insulation may have
become brittle and so deteriorated that the wiring should be replaced. For circuits that would be
retained, such as those that would be used to tie existing controls and metering to the new
equipment, the wires and cables may need to be replaced during the modification if they are in
poor condition.

Additionally, wire diagrams and other drawing may not accurately reflect the current
configuration, or the drawings may no longer exist. Wire labels in the equipment may be
missing or have become unreadable. Tying the new equipment into existing interfaces will be
more difficult and add to the scope of the modification if wiring details are incomplete or
inaccurate. ldentifying and correcting wiring issues early in the modification process will allow
for better and more effective implement of the upgrade or retrofit.

Upgrade/Retrofit Scope

Having identified the issues and concerns with the existing excitation system and its components,
and having evaluated those with desired features for the new system the exact scope of the
modification can be developed. The process to determine the scope and type of modification to
be implemented should select that which will address the major issues and provide the most
benefit with the minimum possible expenditure of funds. A cost benefit analysis of various
scopes and schemes will identify which will provide the best return of the funds spent. Utilities
typically have their own processes to evaluate modifications and performing cost benefit
analysis, though Appendix D of EPRI Report “Tools To Optimize Maintenance of Generator-
Excitation System, Voltage Regulator and Field Ground Protection” (reference 7) can help
provide an overview of a typical process.

A brief synopsis of the scope selections is shown below. A detailed discussion of the sections
follows the synopsis.

e For reliability and availability issues due to one or a few minor components, a component
replacement program or upgrade is usually the best selection.

e For issues beyond the reliability of a minor component, but where the main exciter is in good
condition, an upgrade of the voltage regulator is usually the best selection.

e Where excitation system issues cannot be adequately handled by component or voltage
regular upgrades, a retrofit of the entire excitation system can be the best selection

As previously mentioned, when a replacement program or upgrade to existing minor components
can address the major issues with the existing excitation system this will probably be the best
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course of action. The cost of periodically replacing or upgrading minor components can be a

fraction of what could be spent to upgrade the voltage regulator or to retrofit the entire system.
Performing an upgrade or retrofit could have no or negative value if nearly the same reliability
and other benefits can be achieved through a problem addressing the minor components.

The next step in increasing scope is replacing the existing voltage regulator. If components in
the regulator need replacement but are too expensive, too difficult to obtain or too numerous to
begin replacing to achieve the desired reliability an upgrade or retrofit of the voltage regulator
will begin to be the best choice. Other factors as previously mentioned in this guide such as:
better performance and transient response, improved functionality, higher power (if the regulator
is the limiting factor) and reduction of operator burden, can lend themselves to making the
regulator upgrade the better selection to address issues with the excitation system.

Other major components such as a pilot exciter, power potential transformer and power current
transformers may be eliminated or upgraded with the voltage regulator. The condition of these
other major components and the configuration of both the existing and the upgraded system will
determine whether to include these components in the modification. The initial cost of the
modification may be reduced by using an existing power potential transformer to provide
excitation power, in those existing systems that have one. However, the long term cost benefit of
the modification could suffer if the PPT is in poor condition or is under-rated.

Replacement of the entire excitation system and retrofitting new equipment in its place has the
highest initial cost of the possible modifications; however this typically also has the highest
benefit value. The evaluation process and cost benefit analysis should favor a complete retrofit if
the cost-to-benefit ratio is better than those of the other choices. Also failure or poor condition
of the main exciter will push the analysis in favor of this choice to replace the entire system.
Other issues such as increase excitation power for plant uprate and demand for better transient
may also push the analysis towards this choice.

An alternative to a complete retrofit is to overhaul, rewind and refurbish the existing exciter and
other components, possibly replacing some components such as the AVR. The existing exciter
may have given 30 or more years of de