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Abstract: Information on the selection and application considerations for the unit power transformer
and unit auxiliary power transformer is provided in this guide. Consideration is given to connections
that include direct connection and connections through generator circuit breakers and load-break
switches. The considerations referred to in this guide apply to hydroelectric and thermal electric
generating stations. Various power transformer connections and possible operating problems
under normal and abnormal conditions are treated. Phasing procedures, basic impulse insulation
level selection, and loading practices are not covered.

Keywords: back-feed, electrical parameters, generator bus, IEEE C57.116™, load tap changing,
overcurrent, overexcitation, transformer connections, transmission system, unit auxiliaries, unit
auxiliary transformer, unit power transformer
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the IEEE SA myProject system." An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.’

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

| This introduction is not part of IEEE Std C57.116-2022, IEEE Guide for Transformers Directly Connected to Generators.

Transformers, directly connected to generators, experience excitation and short-circuit duties beyond those
covered in other power transformer standards. Therefore, in 1979, the IEEE Transformers Committee decided
that an application guide for such transformers was needed. In 1989, IEEE Std C57.116™ was approved
and describes the selection, application, and specification considerations for the unit and unit auxiliary
transformers (UAT) taking into account their connections, voltage and kilovolt ampere ratings, and excitation
and through-fault capabilities during possible operating conditions, both normal and abnormal. Also included
are load-tap changing and isolated phase-bus duct heating considerations. This guide does not address phasing
procedures, basic impulse level selection, or loading practices.

In 2022, this guide was revised based on the latest knowledge, design, and application experience of the
industry including the following:

— Anew annex on considerations for specifying transformers directly connected to generators
— Anew annex on volts per hertz (V/Hz) considerations

— Added applicable normative references

— Added discussion of capability curve for salient-pole generators

— Expanded guidance on high-voltage winding tap voltage ratings

— Expanded guidance on unit transformer parameter selection

— Anew clause on special considerations for three-winding unit auxiliary transformers

— Expanded guidance on unit transformer operation in back-feed configuration

— Anupdated bibliography

— General edits and figure updates

— General updates to match the current IEEE Standards Style Manual

This standard is intended to provide guidance to application and specification engineers and therefore its use is
strictly voluntary. Its use may become mandatory only when required by a duly constituted legal authority or
when specified in a contractual relationship.
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IEEE Guide for Transformers
Directly Connected to Generators

1. Overview

1.1 Scope

This guide describes selection and application considerations for the unit power transformer and unit auxiliary
power transformer. Consideration is given to connections that include direct connection and connections
through generator circuit breakers and load-break switches. The considerations referred to in this guide apply
to hydroelectric and thermal electric generating stations. Various power transformer connections and possible
operating problems under normal and abnormal conditions are treated. Phasing procedures, basic impulse
insulation level selection, and loading practices are not covered.

1.2 Purpose

The terminology, function, application, theory of operation and protection, and design of unit power
transformers and unit auxiliary power transformers are not covered by existing transformer standards and
guides. The purpose of this document is to provide guidance for specifying, designing, and applying these
types of power transformers.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).*’

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
"The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

ANSI C84.1, Electric Power Systems And Equipment—Voltage Ratings (60 Hz).*
IEEE Std 666™, IEEE Design Guide for Electric Power Service Systems for Generating Stations.*!'°

IEEE Std C50.12™, IEEE Standard for Salient-Pole 50 Hz and 60 Hz Synchronous Generators and Generator/
Motors for Hydraulic Turbine Applications Rated S MVA and Above.

IEEE Std C50.13™ [EEE Standard for Cylindrical-Rotor 50 Hz and 60 Hz Synchronous Generators Rated
10 MVA and Above.

IEEE Std C57.12.00™, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and
Regulating Transformers.

IEEE Std C57.12.10™, [EEE Standard Requirements for Liquid-Immersed Power Transformers.

IEEE Std C57.12.70™, IEEE Standard Terminal Markings and Connections for Distribution and Power
Transformers.

IEEE Std C57.12.80™ IEEE Standard Terminology for Power and Distribution Transformers.

IEEE Std C57.19.04™, IEEE Standard for Performance Characteristics and Dimensions for High Current
Power Transformer Bushings with Rated Continuous Current in Excess of 5000 A in Bus Enclosures.

IEEE Std C57.131™ [EEE Standard Requirements for Tap Changers.

3. Definitions, acronyms, and abbreviations
3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /[EEE Standards Dictionary
Online and IEEE Std C57.12.80™ should be consulted for terms not defined in this clause. "

back-feed: Operation of a unit transformer (UT) with the generator disconnected to supply start-up, auxiliary
power, or testing power where low magnitude current flows in the opposite direction from normal operation of
the transformer.

generator (rotating machinery): A machine that converts mechanical power into electrical power.
station service transformer (SST): A transformer that supplies power from a station high-voltage bus to the

station auxiliaries and also to the unit auxiliaries during unit startup and shutdown or when the unit auxiliary
transformer is not available or both.

SANSI publications are available from the American National Standards Institute (https://www.ansi.org/).

°The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,
Incorporated.

"IEEE publications are available from The Institute of Electrical and Electronics Engineers (https:/standards.ieee.org/).

"IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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underexcitation limiter (UEL): An electronic limiter added to excitation systems to limit the operation of
generators in the underexcited region to avoid end iron heating or steady state stability limits.

unit: The generator or generators, associated prime mover or movers, unit auxiliary transformer and unit
transformer that are normally operated together as a single source of electric power.

unit auxiliary transformer (UAT): A transformer intended primarily to supply all or a portion of the unit
auxiliaries. Syn: unit auxiliary power transformer.

unit transformer (UT): A power system supply transformer that transforms all or a portion of the unit
power from the unit to the power system voltage. Syn: unit power transformer, generator step-up (GSU)
transformer.

4. Background

The unit connected generating system came into usage as generator size and generator bus fault current levels
began to exceed the capability of breakers that were available to isolate the generator from the power system.
Generally, the generator auxiliary load is fed from a transformer that is connected directly to the generator
bus. An alternate source of power is normally supplied from the transmission system by a second transformer
during unit startup, shutdown, and other contingencies. Such a system is shown in Figure 1."* Typically,
an isolated phase-bus is used for connection between the generator and its unit transformer (UT) and unit
auxiliary transformer (UAT); thus, the system is unit connected. Studies indicate that through faults for the
UT, when a generator breaker is included, are normally not severe in terms of either thermal or mechanical
duty. However, the stresses in the UAT, and in any auxiliary transformers connected to the generator bus,
can be severe under certain conditions, such as low-side faults, generator load rejection and, if applicable,
paralleling out of phase with the station service transformer (SST), and should be designed to withstand all
expected abnormal conditions.

On units connected directly without generator breakers, faults at location (3) as indicated by the X in Figure 1
will be fed predominantly by two sources, namely, through the UT from the system and from the generator.
Normally the differential relay protection system, which will detect faults at location (3) in Figure 1, will
initiate a unit trip that will disconnect the unit from the system and remove the generator excitation. The
loss of load may result in a higher voltage on the generator that will continue to feed the fault. This higher
voltage due to load rejection will increase the generator’s current contribution to a level higher than before
load rejection. However, the system contribution will be absent. The generator’s contribution will continue
at a level and for a period that depends on the generator’s fault-current decrement characteristics. The fault-
current decrement characteristics are a function of the generator short-circuit parameters and its excitation
system. As a result of the generator’s fault-current decrement characteristics, faults at location (3) in Figure 1
may exceed the thermal and mechanical capabilities of the UAT if it is designed solely in accordance with
IEEE Std C57.12.00™.13

Abnormal operating conditions, such as generator load rejection, may result in high generator bus voltages
that may also cause overexcitation of the transformers connected to the generator bus. Conditions such as this
can vary from location to location and should be studied on a case-by-case basis.

Out-of-phase paralleling of the UAT with the SST can produce high currents that may exceed the mechanical
capability of these transformers. Frequency mismatch between the generator and system voltages also can
cause severe mechanical stresses on the transformers.

”Notes in texts, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this
standard.
PInformation on references can be found in Clause 2.
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A generator breaker at location (2) in Figure 1 would not completely eliminate all of the system problems
described in the preceding paragraphs. Generally, it can be shown that thermal and longtime overexcitation
exposures of the UAT can be eliminated by the use of a generator breaker, but the mechanical aspects of
paralleling two sources out-of-phase or of frequency mismatch should still be given consideration in the
design of the UAT.

A generator breaker at location (2) in Figure 1 could simplify operation by eliminating the need for transferring
auxiliary power during startup or maintenance. Depending on the plant’s configuration, a generator breaker
could eliminate the need for a station service transformer and associated circuit breakers; and will isolate the
generator if a unit trips or a fault occurs as indicated by the X in Figure 1.

In addition to the characteristics of a UT, the application of a UT must consider the installation and operation
of it within the system. Two important subjects in this context are the concerns for UTs connected by Isolated
Phase-Bus, and for the operation of UT transformers in back-feed configurations. Both are discussed in
additional detail in this guide.

The following is a list of other considerations that should be evaluated in the selection and application of UTs
and UATs.

— Cooling requirements
— Single-phase versus three-phase transformers for UT applications
— Short-circuit withstand of UTs with single high-voltage winding and split low-voltage windings

— Overall economic evaluation of equipment costs, installation costs, and the cost of losses

Due to limited scope, these other considerations are not discussed in this guide. However, they should be
considered in the selection of transformer parameters.

SYSTEM . O Es  SYSTEM )
/\

3 UNIT 1
AUXILIARY
TRANSFORMERS
UNIT (UATs)
TRANSFORMER ===~ / \ STATION SERVICE
(uT) ™ ~—~—~—~ TRANSFORMER
(8ST)
@ 1 828
& X
GENERATOR AUXILIARY BUS
HV BUS FOR GENERATOR CONNECTION O
GENERATOR BUS AUXILIARY LOAD
LV TERMINALS CONNECTION OF UAT
AUXILIARY LOAD

MAIN BUS BREAKERS ON AUXILIARY BUS

SYSTEM HV BUS FOR SST CONNECTION

INDICATES FAULT LOCATION

NOTE 1—UT HV and UAT LV groundings are design dependent.

200000

NOTE 2—UT and UAT neutral connections are omitted for simplicity.
Figure 1—Typical generating station auxiliary power system one-line diagram
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5. Transformer connections
5.1 Unit transformer connections

The most common connections used for large UTs are shown in Figure 2. For voltages above 115 kV where the
neutral is normally solidly grounded, the high-voltage wye connection is advantageous due to the economics
of reduced neutral dielectric insulation.

H, H,
X, X, Y,
X, Q X, Q v, <]
X3 XS Y3
H1 H3 H1 H3
Yd1 Yd1d1

NOTE—UT neutral connections are omitted for simplicity.

Figure 2—Typical unit transformer connections

5.2 Unit auxiliary transformer connection

The most common connections used are shown in Figure 3. The Dyl11 or Dyllyll connections shown in
Figure 3 are the most common connections used, but the Dyl or Dylyl connections shown in Figure 3 can
also be used if reconnected as shown to replace Dy11 or Dy11y11 transformers when necessary.

B B
H, B H, B B
X2 X2 Y2
x3 C X3 C Y3 C
H, H:  x H, H, X v
1 1 1
A A A C A A
Dy11 Dy11y11
B B
H, B H, B B
X, X, Y,
C X C X, cY, /
\ \
H1 H3 )(3 H1 H3 X Y3
c A A c A N A
Dy1 Dy1y1

NOTE—UAT neutral connections are omitted for simplicity.

Figure 3—Typical unit auxiliary transformer connections
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5.3 Unit transformer and unit auxiliary transformer external connections

In Figure 2, in order for the voltages supplied by both the UATs and the SST to have the same magnitude and be
in-phase at the auxiliary bus for bus transfer considerations, the transformation ratios and phase displacement
of'the UT, UATs and SST need to be properly selected and connected.

The UT is normally constructed with a wye-connected HV winding and a delta-connected XV winding or XV
and YV windings, with the XV or XV and YV phase voltages lagging the HV by 30° as shown in Figure 2. The
UAT transformers are then connected as shown in the Dy11 or Dyl1yl1 upper pair of connections in Figure 3,
with the XV, or XV and YV, phase voltages leading the HV voltages by 30°, making the auxiliary bus in-phase
with the system bus connected to the UT’s HV terminals. If the SST is connected to the same system bus as the
UT, the SST should then be connected Wye-wye or Wye-wye-wye, or alternately Delta-delta or Delta-delta-
delta, with no phase displacement between the HV and XV or YV phase voltages.

If a UAT is not available with the XV, or XV and YV phase voltages leading the HV phase voltages by 30°,
a UAT with the XV or XV and YV phase voltages lagging the HV phase voltages by 30° can be connected
to provide the required phase displacement if two of the system phase voltages are interchanged on the HV
and XV, or HV XV and YV terminals. For example, if the UT terminals are connected, A to H1, X1 and, if
equipped, Y1, B to H2, X2 and Y2, and C to H3, X3 and Y3, the XV or XV and YV windings will lag the HV
phase voltages by 30°. For the UATSs, if the transformers are constructed with the XV or XV and YV phase
voltages lagging the HV phase voltages, the A and C phase system voltages terminals should be reconnected,
connecting A phase to H3, X3 and, if equipped, Y3, B phase to H2, X2 and Y2, and C phase to H1, X1 and
Y1, as shown in the lower pair of Dy1 or Dylyl connections in Figure 3. This will change the phase rotations
and displacement so the XV or XV and YV phase voltages will lead the HV phase voltages by 30°. It should
be noted, however, that there may be practical difficulties in making these phase interchanges, particularly
when the UATSs are connected to isolated phase-bus that may make this a less-than-optimal option. For further
information on this subject, see IEEE Std C57.12.70™,

6. Selection of parameters of unit transformer
6.1 Overview

The primary function of the UT is to transform the power output of the generator (less auxiliaries power and
unit transformer losses) from the generator terminal voltage to the transmission system voltage. Thus, the
correct selection of UT parameters should be governed by the electrical characteristics of the generator system
and the transmission system to which the UT connects.

6.2 Generator bus electrical characteristics
6.2.1 Generator capability curve

A typical round rotor generator reactive power capability curve is shown in Figure 4 at rated generator voltage.
The curve is based upon three thermal limits of typical hydrogen cooled generators. At the top of Figure 4, the
limit as labeled, is the field heating limit. When operating in this region the generator is overexcited and the
field is carrying greater than rated dc field current. The I°R losses in the field reach the limit of the maximum
amount of heat that can be dissipated by the rotor without overheating. Toward the right side of Figure 4,
the limit as labeled is the stator heating limit. When operating in this region, the ac stator output current has
reached the limit of the winding design to dissipate I’R losses in the stator at near unity power factor. At the
bottom of Figure 4, the limit is due to end iron heating. In this region, the generator is operating underexcited,
that is with minimal field current, and is not limited by IR losses like the other two limits, but rather by heating
of the core laminations at the end of the generator stator core. When operating in this region, the generator flux
enters the end laminations almost perpendicular to the core stack and produces large eddy current losses. In
addition, system stability may also become a limitation when operating in this region.
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