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 documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE which
have expressed an interest in participating in the development of the standard.

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. Every
IEEE Standard is subjected to review at least once every Þve years for revision or reafÞrmation. When a document is
more than Þve years old, and has not been reafÞrmed, it is reasonable to conclude that its contents, although still of
some value, do not wholly reßect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership afÞliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
speciÞc applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street
New York, NY 10017
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to
whether their adoption may involve patents on articles, materials, or processes. Such adoption does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards
documents.
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Foreword

 

(This Foreword is not a part of ANSI/IEEE Std 810-1987, IEEE Standard for Hydraulic Turbine and Generator Integrally Forged
Shaft Couplings and Shaft Runout Tolerances.)

 

This standard details dimensions of integrally ßanged shafts and couplings, such as are used for the connection
between the generator and turbine in hydroelectric installations. It was originally developed by the American Society
of Mechanical Engineers (ASME) in 1928 and approved for publication by the American Standards Association
(ASA) in 1932. A revised version, sponsored by ASME, was approved by ASA in 1947 and identiÞed as
Standard B49.1.

Starting in 1953 the National Electrical Manufacturers Association (NEMA) undertook the sponsorship of the
standard and a revised issue was approved in 1967 by the United States of America Standards Institute (USA Standards
Institute superseded the ASA in 1966).

NEMA elected to withdraw their sponsorship of Standard B49.1 in 1985, and in 1985 the Institute of Electrical and
Electronics Engineers (IEEE) agreed to sponsor it. The Hydroelectric Power Sub-committee of the IEEE Power
Generation Committee undertook the task of reviewing, revising, and reissuing the standard.

NEMA also sponsored Standards MG 5.1, Large Hydraulic-Turbine-Driven Synchronous Generators and Reversible
Synchronous Generator/Motor Units for Pumped Storage Installations and MG 5.2, Installation of Vertical Hydraulic-
Turbine-Driven Generators and Reversible Generator/Motors for Pumped Storage Installations. Both of these
standards contained tables concerning the ÒAllowable Runout Tolerance.Ó Since MG 5.1 (rescinded in 1982) and MG
5.2 (rescinded in 1983) have been withdrawn by NEMA, these tolerance data have been included in this standard.

The working group wishes to acknowledge the contributions made to the standard by R. D. Handel and D. H.
Hohnstein.
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IEEE Standard for Hydraulic Turbine and 
Generator Integrally Forged Shaft 
Couplings and Shaft Runout Tolerances

 

1. Introduction and Scope

 

This standard applies to the dimensions of integrally forged shaft couplings and to the shaft runout tolerances. Shafts
and couplings included in this standard are used for both horizontal and vertical connections between generators and
turbines in hydroelectric installations.

This standard does not include data on fabricated shafts, shaft stresses, and bolt tensioning. Industry experience
suggests that the torque capacity of shafts having diameters greater than 72 inches is usually better provided by
fabricated rather than forged shafts.

 

2. References

 

The following publications shall be used in conjunction with this standard:

[1] ANSI B18.2.1-1981, American National Standard Square and Hex Bolts and Screws, Inch Series.
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[2] ANSI B18.2.2-1972, American National Standard Square and Hex Nuts.

[3] ANSI C50.10-1977, American National Standard Requirements for Synchronous Machines. 

[4] ANSI C50.12-1981, American National Standard Requirements for Salient Pole Synchronous Generators and
Generator/Motors for Hydraulic Turbine Applications. 
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ANSI publications can be obtained from the Sales Department. American National Standards Institute, 1430 Broadway, New York, NY 10018.
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3. Couplings

 

3.1 Sizes

 

The shaft diameters included in this standard range from 3 1/2 to 72 inches. Most shafts having integrally forged
couplings are of special design rather than a stock product, and the greatest possible selection of sizes is required. For
this reason, instead of following a series of preferred numbers, these standard shaft diameters are increased by 1/2 inch
intervals, up to 9 inches; by 1 inch intervals, from 9 to 40 inches; and by 2 inch intervals, from 40 to 72 inches. Large
forgings are difÞcult to procure and shaft diameters larger than 72 inches are usually fabricated. Also, in these sizes,
shaft stiffness and torque requirements are achieved at lower cost with fabricated rather than forged shafts.

 

3.2 Flange Dimensions

 

In determining the proportions of the couplings included in this standard, the diameter of the ßange, in each case, has
been kept as small as possible without reducing the strength of the coupling below that of the shaft in either torsion or
bending.

Two values of ßange thickness are provided: one for shafts that may be subject to bending at the coupling; and another
for shafts not subject to bending at the coupling. However in the latter case, if the hydraulic thrust is unusually great,
some value of ßange thickness between C and D should be used and coupling bolts of higher tensile strength steel may
be found necessary.

The ßange dimensions, Table 1, are based upon the following approximate proportions:

Flange Thickness (C) = 0.25 

 

´

 

 Shaft Diameter (A)

Flange Thickness (D) = 0.20 

 

´

 

 Shaft Diameter (A)

Rabbet Diameter (E) = 0.60 

 

´

 

 Shaft Diameter (A)

Relief Diameter (I) = Shaft Diameter (A) minus one inch

For matching shafts of different diameters, either the dimensions of the larger coupling shall be used for both halves,
or the larger shaft shall be necked-down near the coupling to the diameter of the smaller shaft, and the dimensions of
the smaller coupling shall be adopted for both.

For all vertical and horizontal shaft installations, the turbine shaft shall be provided with the male half coupling.
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3.3 Bolt Holes

 

Shafts 12 inches and larger in diameter shall have the bolt holes counterbored from the back of the ßange to facilitate
bolt placement. The depth of this counterbore shall be such that the length (in each ßange) of the reamed portion S,
Table 2, of the bolt hole is at least 0.8 times the nominal body diameter of the bolt.

 

3.4 Bolts and Nuts

 

The number and diameter of the bolts are based upon the assumption that the torque is transmitted only by shear in the
bolts and that the combined stress in the bolts may safely be as much as 30% greater than the combined stress in the
shaft. The diameter of the bolt body shall be determined from information given in Table 2.

 

NOTE  Ñ  Hexagon head, round head, or stud bolts with nuts at both ends, may be used for all bolt diameters up to and including
5.25 inches at the discretion of the manufacturer. For bolts above 5.25 inches in diameter, the use of stud bolts with round
nuts is recommended. The dimensions. listed in Tables 1 and 2 of this standard for shaft diameters of 42 inches and larger
were based on this recommendation. For shaft diameters up to and including 9 inches, hexagon nuts were used to
determine ßange diameter. Heavy hexagon nuts were used for all other shaft sizes up to and including 40 inches.

 

The hexagon bolt heads (if used) shall correspond to the dimensions given in ANSI B18.2.1-1981 [1]

 

2

 

. Bolt heads shall
be of the same size as the nuts, or of the size corresponding to the body diameter of the bolts. In the latter case, one ßat
shall be placed parallel to the periphery of the ßange to provide clearance for the nut guard.

The nuts shall correspond to the dimensions given in ANSI B18-2.2-1972 [2], and shall be of the sizes shown in Table
2 of this standard.

Bolt heads and nuts beyond the sizes listed in ANSI B18.2.1-1981[1] and ANSI B18.2.2-1972 [2] shall be
dimensioned in accordance with the formulas given in Appendix II of each of those standards. When used, round nuts
or bolt heads shall have a diameter equal to or greater than the across ßat dimensions given in those standards.

The bolts shall be straight (not tapered) and shall be Þtted individually within the clearances speciÞed in Table 2. The
bolts and bolt holes shall be identiÞed with corresponding numbers to facilitate assembly.

The length of the bolts shall be such that they will project slightly beyond the nuts. The diameter of this projecting
portion, which is provided for driving when the bolts are being assembled or removed, shall be smaller than the root
diameter of the thread. The number of threads per inch shall be as given in Table 2.

 

3.5 Jack Bolts

 

The jack bolts shall be furnished with the female half coupling for both vertical and horizontal shafts.

The diameter and number of threads per inch shall be as indicated in Table 2. The length shall suit the thickness of the
coupling.

 

3.6 Nut Guards

 

In order to permit the installation of nut guards of the same outside diameter as the ßange (Table 1, Dimension B), a
clearance Q has been provided between the edge of the ßange and the nuts.

 

NOTE  Ñ  The nut guard may also be allowed to overlap the ßange.

 

2

 

The numbers in brackets correspond to those of the references listed in Section 2.
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4. Shaft Runout TolerancesÑFactory Check

 

4.1 Combined Turbine and Generator Shafts

 

When the alignment of the combined turbine and generator shafts is checked at the factory, it shall be done by rotating
the shafts in a lathe or on a vertical alignment table. The couplings should be match marked before disassembly. The
amount of runout, determined by the reading of an indicator held stationary with respect to the lathe or table, shall not
exceed the tolerances of Table 3.

 

4.2 Combined Generator and Intermediate Shafts

 

The tolerances on the runout when checked in the same manner as described in 4.1 shall not exceed those of Table 4.

 

4.3 Combined Turbine and Intermediate Shafts

 

The tolerance on the runout when checked in the same manner described in 4.1 shall not exceed those of Table 5.

 

4.4 Individual Generator Shaft

 

When the shafts are to be aligned at a location other than the generatorÕs manufacturerÕs factory, the tolerances on the
runout of the individual generator shaft when checked in the same manner as that described in 4.1 shall not exceed
those of Table 6.

 

4.5 Individual Turbine and Intermediate Shaft

 

Experience indicates that the prescribed tolerances on the combined shafts will usually be met if the runout, when the
shafts are checked individually in the same manner as that described in 4.1, does not exceed the tolerances of Table 7
for turbine shafts and Table 8 for intermediate shafts.

 

4.6 Records

 

A shaft alignment drawing shall be prepared showing the location of shaft check points and measurement values for
the information of the Þeld erector.
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Table 3 ÑCombined Turbine and Generator Shaft Tolerances (No intermediate shaft used)

 

Item Point Indicated
Tolerances

(Inches)

 

A Cylindrical surface of all guide bearing 
journals 0.003

B(1) Face of thrust block (if forged integral 
with shaft) before attachment of thrust 
bearing runner 0.00075

B(2) Face of thrust block (if not forged 
integral with the shaft) calculated from 
runout of face of retaining ring groove 
or shoulder on the shaft bearing 
against the thrust block

 

*

 

*If the thrust block is not forged integral with the shaft, it is not necessary to
reassemble the block on the shaft for the shop check of the combined
generator and intermediate or turbine shaft.

 

0.0015

C Turbine water-seal surface 0.003

D Male or female portion of coupling at 
runner end of turbine shaft 0.0015

E Face of coupling (inside and outside 
the bolt circle) at runner end of turbine 
shaft 0.0015

F Face of coupling at generator end of 
generator shaft 0.0015

G Male or female portion of coupling at 
generator end of generator shaft 0.0015
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Table 4 ÑCombined Generator and Intermediate Shaft Tolerances

 

Item Point Indicated
Tolerances

(Inches)

 

A Cylindrical surface of all guide bearing 
journals 0.003

B(1) Face of thrust block (if forged integral 
with shaft) before attachment of thrust 
bearing runner 0.00075

B(2) Face of thrust block (if not forged 
integral with the shaft) calculated from 
runout of face of retaining ring groove 
or shoulder on the shaft bearing 
against the thrust block

 

*

 

*If the thrust block is not forged integral with the shaft, it is not necessary to
reassemble the block on the shaft for the shop check of the combined
generator and intermediate or turbine shaft.

 

0.0015

C Male or female portion of coupling at 
turbine end of intermediate shaft 0.001

D Face of coupling (inside and outside 
the bolt circle) at turbine end of 
intermediate shaft 0.001
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Table 5 ÑCombined Turbine and Intermediate Shaft Tolerances

 

Item Point Indicated
Tolerances

(Inches)

 

A Cylindrical surface of all guide bearing 
journals 0.003

B Turbine water-seal surface 0.003

C Male portion of coupling at generator 
end of intermediate shaft 0.001

D Face of coupling (inside and outside 
the bolt circle) at generator end of 
intermediate shaft 0.001

E Male or female portion of coupling at 
runner end of turbine shaft 0.0015

F Face of coupling at runner end of 
turbine shaft 0.0015
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Table 6 ÑGenerator Shaft

 

Item Point Indicated Tolerances
(Inches)

 

A Cylindrical surface of all guide bearing 
journals 0.002

B Face of thrust block before attachment 
of separate thrust bearing runner. 
Removable type thrust block must be 
in position for this reading 0.00075

C If the thrust bearing runner is separate, 
the thickness variation at constant 
radius, measured at inner and outer 
diameter 0.0005

D Female portion of coupling 0.001

E Face of coupling (inside and outside 
the bolt circle)

 

*

 

*Mark cylindrical surface of shaft flange with ÒHÓ to show high point of face
of coupling. The mark shall not interfere with future shaft indications or the
fit of the coupling guard.

 

0.00075

F Outside cylindrical surface of coupling 
flanges or other reference surfaces 0.002

G Balance of shaft exclusive of indicated 
points (if machined) 0.015

H Male portion of shaft coupling (if part 
of shaft system) 0.001

J Face of coupling at generator end of 
generator shaft 0.001
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Table 7 ÑTurbine Shaft

 

Item Point Indicated
Tolerances

(Inches)

 

A Cylindrical surface of all guide bearing 
journals 0.002

B Water seal surfaces 0.002

C Male or female portion of couplings 0.001

D Face of coupling (inside and outside 
the bolt circle) at generator end of 
turbine shaft

 

*

 

*Mark cylindrical surface of shaft flange with ÒHÓ to show high point of face
of coupling. The mark shall not interfere with future shaft indications or the
fit of the coupling guard.

 

0.00075

E Face of coupling at runner end of 
turbine shaft 0.001

F Outside cylindrical surface of 
couplings/flanges or other reference 
surfaces 0.002

G Balance of shaft exclusive of indicated 
points (if machined) 0.015
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Table 8 ÑIntermediate Shaft

 

Item Point Indicated
Tolerances

(Inches)

 

A Male or female portion of couplings 0.001

B Face of couplings (inside and outside 
the bolt circle)

 

*

 

*Mark cylindrical surface of shaft flange with ÒHÓ to show high point of
face of coupling. The mark shall not interfere with future shaft indications or
the fit of the coupling guard.

 

0.00075

C Outside cylindrical surface of coupling 
flanges or other reference surfaces 0.002

D Balance of shaft exclusive of indicated 
points (if machined) 0.015
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