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Abstract: The procedures for installation described in this guide apply to all types of synchronous 
generators and generator/motors rated 5 MVA and above to be coupled to hydraulic turbines or 
hydraulic pump/turbines having vertical shafts. 
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Notice to users 

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 

This document is copyrighted by the IEEE. It is made available 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 this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE 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Users of IEEE Standards documents should be aware that these documents may be superseded at any time 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. 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://standards.ieee.org/index.html or 
contact the IEEE at the address listed previously. For more information about the IEEE Standards 
Association or the IEEE standards development process, visit IEEE-SA Website at 
http://standards.ieee.org/index.html. 

Errata 

Errata, if any, for this and all other standards can be accessed 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. 
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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 1095-2012, IEEE Guide for the Installation of Vertical Generators and 
Generator/Motors for Hydroelectric Applications. 

Large hydraulic turbine-driven generators are shipped as components and completely assembled and 
installed at the site. The installation, therefore, becomes a continuation of the manufacturing process, and 
many of the operations involved are those that are normally performed in the factory on smaller generators. 
Close tolerances must be maintained in the fit and alignment of the various parts. The use of proper 
installation procedures is essential to achieve satisfactory operation of the unit. This guide, originally 
intended for new construction, continued to be useful whenever the generator rotor or turbine is reinstalled 
in its operating placement, following removal for maintenance or repair. 

This guide incorporates much of the information previously found in the National Electrical Manufacturers 
Association (NEMA) publication MG 5.2, Installation of Vertical Hydraulic-Turbine-Driven Generators 
and Reversible Generator/Motors for Pumped Storage Installations. MG 5.2 was originally issued in 1972 
and revised in 1975 and 1977. NEMA sponsorship was withdrawn and MG 5.2 was rescinded in 
September, 1982.  

The Hydroelectric Power Subcommittee felt that this guide continued to provide usefulness to the 
hydropower industry and in 1985 decided to undertake the maintenance of this guide for the benefit of the 
body of users.  

In 2006, the Hydroelectric Power Subcommittee decided to review this guide to address significant 
technology changes impacting the installation of vertical generators and generator motors for hydroelectric 
applications that have occurred since this guide was originally prepared. Guidelines contained in this 
document were harmonized with current international practices. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:18:50 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1095-2012

http://www.avadocuments.com/doc/ieee-1095-2012
http://www.avadocuments.com/doc/ieee-1095-2012


 

 
Copyright © 2012 IEEE. All rights reserved. 

ix

Contents 

1. Overview .................................................................................................................................................... 1 
1.1 Scope ................................................................................................................................................... 1 
1.2 Purpose ................................................................................................................................................ 1 

2. Normative references.................................................................................................................................. 2 

3. Tools and facilities ..................................................................................................................................... 2 
3.1 General ................................................................................................................................................ 2 
3.2 Erection contractor-supplied tools ....................................................................................................... 2 
3.3 Manufacturer-supplied tools ................................................................................................................ 3 
3.4 Customer-supplied materials, services, and facilities .......................................................................... 4 

4. Personnel .................................................................................................................................................... 4 

5. Generator construction ............................................................................................................................... 4 
5.1 General arrangement............................................................................................................................ 5 
5.2 Stator construction............................................................................................................................... 7 
5.3 Rotor construction ............................................................................................................................... 8 
5.4 Shaft and coupling ............................................................................................................................... 9 
5.5 Thrust bearing...................................................................................................................................... 9 
5.6 Guide bearings................................................................................................................................... 11 
5.7 Brakes and jacks ................................................................................................................................ 11 
5.8 Field assembly requirements ............................................................................................................. 12 

6. Preparation of generator and turbine shafts in factory.............................................................................. 13 
6.1 Factory preassembly and alignment .................................................................................................. 13 
6.2 Field alignment .................................................................................................................................. 13 

7. Installation precautions............................................................................................................................. 13 
7.1 Position references............................................................................................................................. 13 
7.2 Handling of generator parts ............................................................................................................... 13 
7.3 Matching of parts............................................................................................................................... 14 
7.4 Use of plumb lines ............................................................................................................................. 14 
7.5 Precautions in welding....................................................................................................................... 14 
7.6 Cleanliness......................................................................................................................................... 14 
7.7 Record keeping .................................................................................................................................. 15 

8. Receiving, storing, and unpacking ........................................................................................................... 15 
8.1 Receiving........................................................................................................................................... 15 
8.2 Storing ............................................................................................................................................... 16 
8.3 Unpacking.......................................................................................................................................... 18 

9. Erection procedures .................................................................................................................................. 18 
9.1 General .............................................................................................................................................. 18 
9.2 Generator shipped completely assembled.......................................................................................... 19 
9.3 Generator assembled in the field, thrust bearing above the rotor, spring type or self-equalizing  
type thrust bearing ................................................................................................................................... 19 
9.4 Generator assembled in the field, thrust bearing above the rotor, adjustable-shoe type  
thrust bearing ........................................................................................................................................... 20 
9.5 Generator assembled in the field, thrust bearing below the rotor, spring type or self-equalizing  
thrust bearing ........................................................................................................................................... 22 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:18:50 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1095-2012

http://www.avadocuments.com/doc/ieee-1095-2012
http://www.avadocuments.com/doc/ieee-1095-2012


 

 
Copyright © 2012 IEEE. All rights reserved. 

x

9.6 Generator assembled in the field, thrust bearing below the rotor, adjustable-shoe type 
 thrust bearing .......................................................................................................................................... 23 

10. Details of erection procedures ................................................................................................................ 24 
10.1 Placing of foundation bolts .............................................................................................................. 24 
10.2 Positioning and grouting of soleplates............................................................................................. 25 
10.3 Assembly of stator ........................................................................................................................... 25 
10.4 Assembly of rotor ............................................................................................................................ 26 
10.5 Assembly of thrust bearing.............................................................................................................. 29 
10.6 Assembly of guide bearings............................................................................................................. 29 
10.7 Installation of lubrication system..................................................................................................... 30 
10.8 Checking air gap.............................................................................................................................. 30 
10.9 Check of insulation against shaft currents ....................................................................................... 30 
10.10 Closing of generator-turbine coupling ........................................................................................... 31 
10.11 Shaft-plumb and straightness check .............................................................................................. 31 
10.12 Equalizing the load on adjustable-shoe type bearings ................................................................... 31 
10.13 Check of shaft runout..................................................................................................................... 32 
10.14 Assembly of collector rings and brush rigging .............................................................................. 32 
10.15 Assembly of rotating dc or brushless exciters ............................................................................... 32 
10.16 Installation of instruments and relays ............................................................................................ 33 

11. Mechanical run ....................................................................................................................................... 33 
11.1 General ............................................................................................................................................ 33 
11.2 Preparation for initial start ............................................................................................................... 33 
11.3 Initial start........................................................................................................................................ 34 
11.4 Check of shaft runout....................................................................................................................... 34 

12. Balancing................................................................................................................................................ 35 

13. Insulation testing and drying out ............................................................................................................ 35 
13.1 Measurement of winding insulation resistance................................................................................ 35 
13.2 Drying out of windings.................................................................................................................... 36 
13.3 High-potential tests.......................................................................................................................... 36 

14. Initial operation ...................................................................................................................................... 37 
14.1 No-load operation with excitation ................................................................................................... 37 
14.2 Connection to power system............................................................................................................ 37 
14.3 Load rejection tests .......................................................................................................................... 37 
14.4 Operation check of vibration and shaft runout ................................................................................ 38 

15. Field tests................................................................................................................................................ 38 
15.1 Vertical hydraulic-turbine generator shaft runout tolerances, installation check............................. 38 
15.2 Electrical tests.................................................................................................................................. 39 

Annex A (informative)  Bibliography .......................................................................................................... 40 
 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 05:18:50 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1095-2012

http://www.avadocuments.com/doc/ieee-1095-2012
http://www.avadocuments.com/doc/ieee-1095-2012


 

 
Copyright © 2012 IEEE. All rights reserved. 

1

IEEE Guide for the Installation of 
Vertical Generators and 
Generator/Motors for Hydroelectric 
Applications 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, 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 

The procedures for installation described in this guide apply to all types of synchronous generators and 
generator/motors rated 5 MVA and above to be coupled to hydraulic turbines or hydraulic pump/turbines 
having vertical shafts. 

1.2 Purpose 

Large hydraulic turbine-driven generators are shipped as components and completely assembled and 
installed at the site. The installation, therefore, becomes a continuation of the manufacturing process, and 
many of the operations involved are those that are normally performed in the factory on smaller generators. 
Close tolerances must be maintained in the fit and alignment of the various parts. The use of proper 
installation procedures is essential to achieve satisfactory operation of the unit. 
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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. 

IEC 60034-1, Rotating Electrical Machines - Part 1: Rating and Performance.1 

IEC 60034-7, Rotating Electrical Machines - Part 7: Classification of Types of Construction and Mounting 
Arrangements (IM Code).  

IEEE Std 43TM, IEEE Recommended Practice for Testing Insulation Resistance of Rotating Machinery.2 

IEEE Std 115TM, IEEE Guide: Test Procedures for Synchronous Machines.
  

IEEE Std 421.3TM, IEEE Standard for High Potential Test Requirements for Excitation Systems for 
Synchronous Machines. 

IEEE Std 810TM, IEEE Standard for Hydraulic Turbine and Generator Integrally Forged Shaft Couplings 
and Shaft Runout Tolerances.  

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

3. Tools and facilities 

3.1 General 

In general, the erector should have the complement of necessary tools and materials ready for use prior to 
the start of installation. Considerable time and money can be lost if these items are not ready when needed. 
The responsibility for the supply of erection tools and materials falls into the following main categories:  

a) Those supplied by the erector 

b) Those supplied by the manufacturer 

c) Those supplied by the customer 

The following subclauses will briefly describe these categories and will act as a guide for a typical 
installation. It is not intended that the lists be all-inclusive. 

3.2 Erection contractor-supplied tools 

The tools and erection materials required for erection of a hydro unit are varied and numerous. The list 
below is indicative of the required items to be supplied by the erector.  

                                                 
1 IEC publications are available from the Sales Department of the International Electrotechnical Commission, PO Box 131, 3 Rue de 
Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States from 
the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA. 
2 IEEE publications can be obtained from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854. 
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a) Portable power tools 

b) Stationary power tools 

c) Sets of large wrenches, ratchets, slugging, and impact wrenches 

d) Jacks and hydraulic rams 

e) Sledgehammers and air hammers 

f) Pipe bending and threading equipment 

g) Welding and burning equipment 

h) Soldering and brazing equipment 

i) Manual and small power hoists 

j) Jib crane for building the rotor rim and positioning the field pole assemblies 

k) Light rigging equipment 

l) Miscellaneous consumable items 

m) Stator winding tools 

n) Precision measuring tools, including alignment tools 

o) Electrical test equipment, including high-potential test kits, Kelvin bridge, ohmmeter, insulation 
resistance tester (megohm meter), voltmeters, wattmeters, and ammeters 

Craft labor groups shall have personal hand tools available.  

3.3 Manufacturer-supplied tools 

Certain tools will be called for in the customer specification and will be supplied as part of the contract. To 
be sure of the supply of these tools, the erector should contact the manufacturer and the customer. In most 
cases, these tools become the property of the customer and shall be left in good condition after the 
installation is complete:  

a) Shaft, rotor, and stator lifting devices 

b) Slings of proper length and size for the major lifting operations 

c) Rotor erection pedestal with anchoring plate 

d) A plate for supporting the shaft in a vertical position. The plate is anchored in the assembly area 
concrete floor or in a pit of the proper depth to bring the rotor to a convenient distance above the 
floor. 

e) Pole and coil lifting device 

f) Thrust-bearing removal equipment 

g) A set of special wrenches and tools 

The manufacturer will, in some instances, supply the erector with special erection tools. These tools are to 
be agreed upon with the customer prior to the start of erection, preferably during contract negotiations, and 
are not usually considered as part of the erection contractor supplied tools.  
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3.4 Customer-supplied materials, services, and facilities 

The customer often supplies various erection materials, services, and facilities for the erector. The customer 
specification will often spell out definite items that will be furnished. The specific responsibilities of each 
party should be checked for every job. Some typical items are as follows:  

a) Use of powerhouse cranes and crane-lifting beams 

b) Supply of a crane operator 

c) Compressed air 

d) Water 

e) Electric power 

f) Office space and administrative areas 

g) First-aid equipment 

h) Living accommodations for certain people 

i) Oil and oil filtering equipment for bearings 

j) Storage space for erection tools and equipment 

k) Grout 

l) Certain instrumentation 

m) Erection pedestal soleplates 

n) Assembly areas 

o) Security clearance for power plant access 

4. Personnel 

It is essential to have a crew of skilled workers with sufficient helpers and a supervisor experienced in the 
installation of vertical hydraulic turbine-driven generators. In addition to electricians and mechanics, 
workers skilled in pipe fitting, welding, rigging, and winding are usually needed.  

In cases where the generator manufacturer is given the job of installing the equipment that they furnish, the 
generator manufacturer will provide a supervisor and all other personnel needed. Otherwise, it is 
recommended that one of the generator manufacturer’s field representatives be employed to provide 
technical direction of the installation. The representative’s familiarity with the construction of the generator 
and experience in the installation of similar machines are valuable assets.  

Close cooperation among the customer, generator manufacturer, exciter manufacturer, turbine 
manufacturer, governor manufacturer, and any installation contractors involved is necessary to assure 
proper installation in the most efficient and safe manner. Agreement of the general procedures to be 
followed should be reached before actual erection begins. A leadership position, like a project manager or 
general contractor, should be assigned to integrate all manufacturers or contractors into a common 
schedule. 

5. Generator construction 

The following paragraphs give a brief description of the construction features of vertical hydraulic turbine-
driven generators that have an important bearing on their installation. 
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