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Abstract: The guidelines for online monitoring of large synchronous generators are described in 
this guide. High-level discussions of each of the proposed monitoring methods, and 
recommended threshold values, whenever there is a general agreement on those values, are 
included in this standard. Instrumentation that is clearly understood to belong to the protection 
scheme of the generator (e.g., differential protection) is not covered by this guide. 
 
Keywords: flux, frequency, generators, IEEE 1129™, online monitoring, partial discharge, PD, 
probe, real-time monitoring, resistance temperature detector, RTD, TC, thermocouple, voltage 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute 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 does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
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: 
PROCUREMENT OF 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 IEEE standard is translated, only the English version published by IEEE should be considered 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, or 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 his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide 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 revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

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 imply 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. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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. 

Photocopies  

Subject to payment of the appropriate fee, 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. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:05:26 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1129-2014

http://www.avadocuments.com/doc/ieee-1129-2014
http://www.avadocuments.com/doc/ieee-1129-2014


 

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 ten years. When a document is more than ten 
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 the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

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 http://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 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. 
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Introduction 

This introduction is not part of IEEE Std 1129™-2014, IEEE Guide for Online Monitoring of Large Sychronous 
Generators (10 MVA and Above). 

The purpose of this guide is to revive, expand, and update the expired IEEE Std 1129™-1992, IEEE 
Recommended Practice for Monitoring and Instrumentation of Turbine Generators. However, while the 
original standard scope only covered cylindrical-rotor machines, this expanded version of the standard also 
includes salient-pole generators. 
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IEEE Guide for Online Monitoring 
of Large Synchronous Generators 
(10 MVA and Above) 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health, 
or environmental protection, or ensure against interference with or from other devices or networks. 
Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This document describes guidelines for online monitoring of large synchronous generators with ratings of 
10 MVA and above. The scope includes generators with salient-pole rotors as well as generators with 
cylindrical rotors. 

This standard also provides basic information on the various online monitoring techniques described as 
well as recommended threshold values for initiating a remedial or compensating action, whenever those 
values are typical within the power generation industry. 

This standard does not cover those instruments that are clearly associated with the protection scheme of the 
generator, such as: differential, out-of-step, over/under frequency, and so forth. 

1.2 Purpose 

The purpose of this guide is to 

a) Describe mechanisms of degradation and applicable monitoring devices. 
 

b) Describe methods available for online monitoring of large synchronous generators included within 
the scope of this standard. 

1 
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c) Recommend which of the online monitoring techniques described in this standard ought to be 

adopted based on machine type. 
 

d) Recommend monitored threshold values for initiating remedial or compensating actions when 
widely agreed industry practice exists. 

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. 

IEEE Std 67™, IEEE Guide for Operation and Maintenance of Turbine Generators.1, 2 

IEEE Std 421.1™, IEEE Standard Definitions for Excitation Systems for Synchronous Machines. 

IEEE Std 1434™-2000, IEEE Trial-Use Guide to the Measurement of Partial Discharges in Rotating 
Machinery. 

IEEE Std C37.102™, IEEE Guide for AC Generator Protection. 

IEEE Std C37.106™, IEEE Guide for Abnormal Frequency Protection for Power Generating Plants. 

IEEE Std C50.12™, IEEE Standard for Salient-Pole 50 Hz and 60 Hz Synchronous Generators and 
Generator/Motors for Hydraulic Turbine Applications Rated 5 MVA and Above. 

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

3. Definitions, abbreviations, and acronyms 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online should be consulted for terms not defined in this clause. 3 

monitoring: The process of observing a system, to verify its parameters lie within prescribed limits. This 
includes basic monitoring and advanced monitoring, such as with expert systems. 

protection: The process of observing a system, and automatically initiating an action to mitigate the 
consequences of an operating condition that has deviated from the established acceptable performance 
criteria. Example: alarms, runbacks, or trips. 

                                                 
1 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc. 
2 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org/). 
3IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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NOTE 1— For the purpose of this standard, online monitoring is defined as the application of permanently installed or 
portable instruments connected to permanently installed sensors while the generator is in operation. Instruments used to 
collect data from temporarily installed or portable sensors are not within the scope of this standard.4 

NOTE 2— There may be a number of online monitoring techniques being developed and/or sold in the industry that are 
not included in this document. The reasons for the omission are lack of acceptance by the industry or they are a not-yet 
proven technology. Some of these may be included in future revisions if their further development and spread through 
the industry warrants it. 

NOTE 3— Due to the development of new grid codes that may affect the operation of generators (e.g., ride-through 
requirements), generator operators may need to monitor grid variables not commonly associated with those parameters 
monitored as part of the generator protection/monitoring scheme. The authors of this standard did not find it warranted 
to include such new monitored variables moving at different paces depending on the countries in question given that 
this is still work-in-progress. It is then recommended that generator owners and operators remain attuned to further 
developments in this arena so that additional monitoring instrumentation may be added at the right time. 

3.2 Abbreviations and acronyms 

AVR automatic voltage regulator 

CT current transformer 

DFR digital fault recorder 

GCM generator condition monitor 

GCMA generator condition monitor—air 

HFG high-frequency generator 

OEM original equipment manufacturer 

PD partial discharge 

PMG permanent magnet generator 

RF radio frequency 

RFCT radio-frequency current transformer 

RFM rotor flux monitor 

RTD resistance temperature detectors 

SCADA supervisor control and data acquisition system 

SCW stator cooling water 

SOE sequence-of-event recorder 

TC thermocouple 

VAR voltampere reactive 

VT voltage transformer 

4 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 

3 
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4. Brief description of degradation mechanisms, online monitoring 
methods, and instrumentation 

4.1 Stator frame 

Typically, stator frames for machines within the scope of this standard are made of fabricated steel. There 
are significant structural differences in the design and construction of frames for cylindrical-rotor versus 
salient-pole generators. There are also major differences in the design and construction of frames for 
horizontal versus vertical machines. In the case of horizontal machines with cylindrical rotors, two major 
types of frames exist: one in which the core is permanently attached to the frame, called an integral frame, 
and another in which the core is constructed in a fabricated steel cage that itself is inserted into the frame. 
The cage supporting the core can be also considered part of the frame. Also, in many air-cooled machines 
the core is mainly supported-attached to the bedplate while the enclosure is designed primarily to contain 
and control the flow of air.  

In all generators, the main purpose of the frame is to provide support to the core, as well as to anchor the 
machine, by transmitting stator tangential torques to the foundation. In most generators, the frame also 
includes an outer cover (the casing) to contain the cooling air or hydrogen. Air or hydrogen coolers are 
inserted inside or supported above, below, or at the sides of the frame. Some air-cooled machines do not 
have heat-exchangers. 

4.1.1 Frame vibrations 

Problem Description: There are number of problems that can develop with the frame, such as cracks, 
distortion, loose footing, and excessive vibration. Frame issues are normally detected during periodic 
maintenance inspections. In most cases, the frame is the less problematic component of a large generator, 
thus monitoring is unusual. In those cases where monitoring is applied, the parameter tracked is vibration. 
Vibration of the frame can be the result of a problem intrinsic to the frame (such as cracks, distortion, or 
loose footing), but in most cases it is due to other component problems.  

Instrumentation: Frame vibration is tracked with the help of vibration probes mounted on the frame inside 
or outside the casing in one location or several locations. Triaxial probes may be used but are not 
necessarily required for this application. 

4.1.2 Presence of liquids 

Problem Description: Free liquids (water and/or oil) inside the casing or in the winding itself are the result 
of undesirable leaks from coolers, bearings or hydrogen seals, and from inner-cooled coils (by oil or water). 
These free liquids have the potential to challenge the integrity of the insulation of the core laminations and 
the coils and create corrosion on metal components, loosen stator wedges and coil packing (by oil), and 
block the flow of cooling gas (by oil and/or water). Loss of liquids can also cause loss of lubrication, 
cooling, and the failure of hydrogen seals. Furthermore, in machines with open enclosures oil can combine 
with dust from the surrounding environment and clog cooling air passages. 

Instrumentation: One of the methods for monitoring for the presence of free liquids in the machine is by 
collecting them at the bottom of the casing and removing them from the machine via drain lines. These 
drain lines may be fitted with sight glasses and/or detector circuits generating alarms in the presence of 
liquids. The sight glass can be considered a monitoring function as defined in Clause 3. 
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4.2 Core 

4.2.1 Core description 

The main functions of the generator core are to provide a low reluctance path for the magnetic flux, support 
the stator winding, and transmit the developed forces to the frame. 

Large generator cores are made of up to several hundreds of thousands of insulated steel laminations. There 
are numerous core designs. Nevertheless, all are based on keeping the integrity of the insulation of the 
laminates. The insulation can degrade or become damaged by excessive temperatures or relative movement 
between laminations and between them and the frame due to vibrations. 

4.2.2 General overheating 

Problem Description: A general increase in the core temperature beyond the normal full-load temperature 
can be caused by an increase in the cold gas temperature, a load output above the full-load point, a 
reduction in cooling gas pressure, deterioration of hydrogen purity, loss of or reduction in gas-cooling 
water temperature flow, or an increase in gas-cooling water temperature. It may also be caused by a flow 
restriction, such as from a damper or cover plate or a bypass around the gas flow circuit.  

Instrumentation: General core overheating can be measured by thermocouples (TCs) or resistance 
temperature detectors (RTDs) embedded in the core at several locations. Monitoring of the hot gas 
temperature and gas pressure also provides good information about the core temperature condition. 

Generator condition monitors (GCMs), previously known as core monitors, a form of smoke detector, also 
alarm on general overheating by sensing byproducts of overheated insulation (see 4.2.3). 

4.2.3 Local overheating 

Problem Description: If the generator is being operated in the under-excited (leading power factor) region 
of the capability curve (corresponding to high reactive power absorption), the resulting flux distribution 
may create higher losses in the stator iron at the ends of the core. The higher losses in turn create higher 
temperatures that may lead to overheating. The load should always be limited to points within the 
capability curve to help ensure that the core temperature limits are not exceeded.  

Operation in the lagging power factor region is preferred in minimizing stator core end temperatures. As a 
backup, particularly for larger machines, the stator core temperature may be monitored.  

Core temperatures should not be utilized as the sole basis for machine operation. Low local temperatures on 
the stator core should not be used to allow operation beyond the established capability curve.  

Core heating may vary with terminal voltage and frequency, and the boundaries of the capability curve are 
valid only for the voltage and frequency for which the curve is drawn.  

Instrumentation: The core temperature can be measured by a group of TCs or RTDs, with an accuracy of 
1 °C, strategically located in the stator core in anticipated hot spot regions and especially at the core ends. 
Core temperature probes can sometimes be used for initial factory tests on prototype machines, or they may 
be installed during manufacture of the stator core by special customer request. The temperatures can then 
be displayed and recorded. If the core temperature exceeds a preset limit, an alarm may be activated. 

Severe localized overheating also may be detected by a particulate detector (so-called “GCM” or 
“Generator Core Monitor” or “Generator Condition Monitor”). Pyrolysis byproducts of burnt insulation are 
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captured by the GCM, which acts as a smoke-detector. GCMs were initially installed only on hydrogen-
cooled machines; however, later developments resulted in GCMs that are suitable for air-cooled units. They 
are known as GCMA, for generator condition monitor—air. 

Tagging compounds that release pyrolysis byproducts at different temperatures can also be used in 
conjunction with the GCM to alert to overheating and to allow location of the affected region during a 
visual inspection. 

NOTE—Temperature and pyrolysis product-monitoring have inherent time delays at the detector, so some period of 
time will elapse before the abnormal event is identified. This delay may be needed to be factored in the decision-
making about the urgency of de-loading or removing a unit from service. 

4.2.4 Circulating core currents 

Problem Description: Local overheating of the core could be the result of a short circuit between adjacent 
core laminations allowing axial (longitudinal) flow of current between core laminations. Usually, the 
insulation breaks down, creating an electrical short circuit due, for example, to mechanical damage or a 
metallic foreign object shorting a number of laminations.  

Instrumentation: Core circulating currents are not directly detectable during operation of the machine, 
although modern shaft-voltage monitoring devices may be able to detect anomalies in the core, such as 
shorted laminations producing circulating currents. 

4.2.5 Volts per hertz (V/Hz) 

Problem Description: Inter-laminar current flow and consequent severe local overheating can also be the 
result of an over-fluxing incident, caused by excessive V/Hz applied to the machine (due to operation at 
overvoltage and/or under-frequency). In almost every case, this over-fluxing is an over-excitation event 
occurring while bringing the unit online as it ramps up from zero speed to full speed with the excitation on.  

Instrumentation: V/Hz protective relays are designed to remove the excitation in a short time; however, 
serious damage to the core insulation could have occurred. This damage may show up later during normal 
operation as hot spots in the core. 

4.2.6 End-tooth heating 

Problem Description: Core-end iron can overheat when magnetic flux enters in the axial direction the ends 
of the stator core during under-excited operation of the generator. The problem worsens when a unit is also 
operating at rated megawatts while under-excited.  

Instrumentation: A particulate detector (e.g., a GCM) may be used to detect overheating. Core-end teeth 
TCs may be used if they were installed during manufacturing of the generator. 

4.2.7 Flux-trap heating 

Problem Description: The flux trap (a generic term for either flux shunt or flux shield), which acts as a flux 
shunt or barrier lessening the magnetic loading of the core-end-laminations and structural elements of the 
core ends, can also overheat during under-excited operation. Being an integral and important part of the 
machine, exposing these components to temperatures above normal can result in serious degradation of the 
core and stator windings. 
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Large machines have flux shields or flux shunts mounted at both ends of the core. The purpose of these 
components is to capture the axial magnetic field that enters the stator core at both ends, in particular 
during operation at leading power factor when this axial flux is at its strongest condition, and keep them 
from overheating the active part of the core. In the process, eddy currents are generated in the shields 
and/or shunts, increasing their temperature. As the machines increase in size, it may be required to cool 
these components directly, for instance with stator cooling water (SCW).  

Instrumentation: Flux-trap temperature probes can be used if installed during manufacturing of the unit. 
Depending on the mode of cooling, TCs or RTDs can be used to monitor the temperature of the flux shields 
or shunts. 

4.2.8 Core vibration 

Problem Description: The core vibration of the generator results chiefly from the unequal magnetic pull in 
the airgap (magnetostriction adds to magnetic noise but very little to measurable vibration). Large salient-
pole machines have cores with relatively large diameters and smaller depth than generators with cylindrical 
rotors. This, together with a large number of poles, results in more bending modes and vibration induced 
stresses. The vibration is mainly at twice line frequency. Loose cores may respond dramatically to the 
vibration driving force from the rotor. Keeping the core tight by torqueing the axial bolts and 
circumferential bands (when incorporated) help reduce core vibration. Designs developed in order to have 
the natural frequencies far from twice line frequency and from line frequency also favor low vibration 
amplitudes. A loose core can result in higher unit noise or, in extreme cases, the breakage of laminations 
near the bore surface. A loose core also can force vibration of the end-turns and cause winding failure. The 
detection online of a loose core may be performed by a sound analysis and more readily by vibration-
pattern analysis by trending frame vibration, particularly when the core is not spring-mounted as with most 
four-pole smaller units. Most two-pole units have cores that are spring-mounted. 

Instrumentation: Core vibration is monitored online by mounting accelerometer probes on the back of the 
core in strategic locations. The measurement also includes phase measurements. Phase measurement is 
critical for understanding the relative movement between two components, in this case, the core and the 
frame. 

4.3 Stator winding 

4.3.1 Stator winding description 

The stator winding is an important item to be monitored in gauging the health of the generator. Operating 
load conditions can normally be correlated to temperature, vibration, and other parameters being monitored 
to judge the condition of the machine. The winding may be monitored for temperature rise of the copper 
strands and of the cooling medium. The bar/coil ends may be monitored for radial, axial, or tangential 
vibration at twice operating frequencies, and phase connection rings and terminal bushings may be 
monitored for both temperature and vibration. 

Correlations normally are made of identical quantities at fixed operating conditions, held constant for an 
adequate time period to establish steady-state conditions. However, some occurrences relate to changing 
conditions. In these cases, an exact record and methodical variation of conditions may be required for a 
proper diagnosis. 
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