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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE FOR INSTALLATION PROCEDURES
AND TOLERANCES OF HYDROELECTRIC MACHINES -

Part 1: General aspects

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.cpmprising
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promote“intgrnational
co-opegration on all questions concerning standardization in the electrical and electronic fields. Io thi$ end and
in addjtion to other activities, IEC publishes International Standards, Technical Specificationsy Technical Reports,
Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IECPdublication(s)”). Their
prepafation is entrusted to technical committees; any IEC National Committee interested-in’the subject|dealt with
may pprticipate in this preparatory work. International, governmental and non-governmental organizatiofs liaising
with the IEC also participate in this preparation. IEC collaborates closely with the lnternational Organjzation for
Standgrdization (ISO) in accordance with conditions determined by agreement-between the two organigations.

2) The fdrmal decisions or agreements of IEC on technical matters express, asnearly as possible, an international
consehsus of opinion on the relevant subjects since each technical committee has representatiop from all
interegted IEC National Committees.

3) IEC Plublications have the form of recommendations for internatiehal use and are accepted by IEG National
Comnlittees in that sense. While all reasonable efforts are made\to ensure that the technical contgnt of IEC
Publidations is accurate, IEC cannot be held responsible for{the way in which they are used dr for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National* Committees undertake to apply IEC Pyblications
transparently to the maximum extent possible in their national and regional publications. Any divergencg¢ between
any IHC Publication and the corresponding national or\tegional publication shall be clearly indicated in [the latter.

5) IEC itgelf does not provide any attestation of conformity. Independent certification bodies provide gonformity
assespment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All usgrs should ensure that they have the latest edition of this publication.

7) No liapility shall attach to IEC or its\directors, employees, servants or agents including individual eXjperts and
membgrs of its technical committees)and IEC National Committees for any personal injury, property damage or
other |[damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenges arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attentlon is drawn to the-Normative references cited in this publication. Use of the referenced publications is
indispensable for the cokrect application of this publication.

9) Attent|on is drawn to'the possibility that some of the elements of this IEC Publication may be the subjecf of patent
rights{ IEC shall.not be held responsible for identifying any or all such patent rights.

Internat|onal-Standard IEC 63132-1 has been prepared by IEC technical committee 4: Hydraulic
turbinesd|.

The text of this International Standard is based on the following documents:

FDIS Report on voting
4/380/FDIS 4/390/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 63132 series, published under the general title Guidance for
installation procedures and tolerances of hydroelectric machines, can be found on the IEC
website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

that it|contains colours which are considered to be useful for the correct understanding

IMPORTANT - The 'colour inside’ logo on the cover page of this publication i{dicates
of its ¢ontents. Users should therefore print this document using a colourprint

r.
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GUIDANCE FOR INSTALLATION PROCEDURES
AND TOLERANCES OF HYDROELECTRIC MACHINES -

Part 1: General aspects

Scope

pose of this part of IEC 63132 is to establish, in a general way, suitable procedures and

tolerandes for the installation of hydroelectric turbines and generators. This document 1resents
a typical assembly. There are many possible ways to assemble a unit. The size of theym

design ¢f the machines, layout of the powerhouse and delivery schedule of the compon
some offthe elements that could result in additional steps, the elimination of seme step
assembly sequences.

chines,
ents are
5 and/or

Itis undtlerstood that a publication of this type will be binding only if, and’to the extent that, both

contrac

Installations for refurbishment projects or for small hydro projects are not in the scop
document. An agreement between all parties is necessary,

This dogument excludes matters of purely commercial inferest, except those inextricabl
up with

The tolgrances in this document have been established upon best practices and exp
although it is recognized that other standards specify different tolerances.

Wherev
manufa

2 Normative references

There a

3 Terms and-definitions

No termlstand definitions are listed in this document.

ing parties have agreed upon it.

the conduct of installation.

br this document specifies thatydocuments, drawings or information is suppli

re no normativereferences in this document.

b of this

y bound

erience,

ed by a

cturer (or manufacturers), .each individual manufacturer will furnish the appropriate
information for their own supply only:

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

4 Concept

4.1

General

For vertical units, reference axes are defined in relation to upstream, looking at the unit from
the generator end (see Figure 1). Upstream corresponds to the Y+ axis, 0° and 12 h 00. The
angles increase in the clockwise direction; therefore, the X+ axis corresponds to 90°, the right
hand side and 3 h 00.
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For horizontal units, upstream is replaced by vertical up and downstream replaced by vertical
down.

OO

Y+
Upstream
12h 00

[ IR 4
Left - — - - Right
9 heoo _l_ ] 3 rlugoo
\

|
S~ —_ —T _X o
Ye
Downstream
6 h 00 IEC

Figure 1 — Axes definition for vertical units

4.2 Reference centre

The refgrence centre is the'best centre of the designated (or specific) component that all other
compongnts should begaligned to.

4.3 est centre

The bes|t centre of a circular shape component corresponds to the point for which the circularity
has the|minimal deviation. Its location is calculated from a set of radii at equal andles and
measur¢difrom the reference centre.

Determination:

The components x and y of the best centre from the reference centre can be calculated with the
following two formulae, where 0° is located upstream and the angle increases clockwise:

2 ,
x= ;Z?=1Ri3|n(0i)

2
y:72:=1Ri cos(6;)
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where
n is the number of readings;

R; is the measured radius;

6, is the angular position of each measurement.

Table 1 shows a sample calculation.

Table 1 — Sample calculation

Component
centered with
nce
Reading # Angle Component X Y Calulated X Calculated Y (\qaenrter
1 o° 99,65 0,00 99,65 0,11 99,98 99|98
2 45° 99,95 70,68 70,68 70,57 71,01, 100,11
3 90" 100,05 100,05 0,00 99,94 0,33 99|94
4 135° 100,25 70,89 -70,89 70,78 470,55 99194
5 180° 100,45 0,00 -100,45 -0,11 -100,12 100,12
6 225° 100,05 -70,75 | -70,75 -70,86 -70,41 9989
7 270° 100,00 -100,00 0,00 -100,11 0,33 100,11
8 315° 99,60 -70,43 70,43 -70/54 70,76 99191
Best centre (X,Y)] 0,11 -0,33 Circularity, 0,p2
Concentricity| 0,35
Angle 162°

The expllanation of how to calculate the best.¢entre is given below (see Figure 2):
X(#4) = 100,25 x sin135° = 70,89
Y(#4) = 100,25 x cos135° = <70,89

bcX|= {0,00 + 70,68 +.100,05 + 70,89 + 0,00 + (—70,75) + (—100,00) + (—70,43)}| x 2/8 =
0,11

bcY|= {99,65 70,68 + 0,00 + (—70,89) + (—100,45) + (=70,75) + 0,00 + 70,43}|x 2/8 =
—0,33

Conpéntricity: 4(0,11)2 +(-0,33)2 =0,35

Thus the best centre of the component is located 0,11 units upstream (Y+) and 0,33 units
to the left (X—) of the reference centre. Calculated radii based on the Best Centre as the
new reference can be calculated in order to calculate circularity.

Calculated X(#4) = X(#4) — bcX = 70,89 — 0,11 = 70,78

Calculated Y(#4) = Y(#4) — bcY = —70,89 — (—0,33) = —70,55

Calculated radius (#4) = +/(70,78)2 +(~70,55)2 =99,94

Circularity: max. — min. = 100,12 — 99,89 = 0,22
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Best center sketch

bnt

rcle
with
center

bnt
with
center

IEC

e of the

Q
—(C‘L,@%n(
7 s
NS
%(b == Perfect ¢|
Q/C) centered
reference
A
S
= COMpPONS
centered
reference
$’\.
5 A‘\Q
O
Figure 2 a@est centre sample calculation
)

4.4 Concentricity .

The corcentricity is the al distance, d, from the reference centre to the best centr
compongnt (see Figure 3).
N
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Reference center

Best center of component

IEC

Figure 3 — Concentricity

4.5 (Clircularity

Circularjty is the difference between the maximum and minimum radii, measured from the
compongnt best centre (see-Figure 4).
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Best center of componept

IEC
Figure*4 — Circularity

4.6 Reference horizontal plane

The refdrence horizontal plane is-a horizontal plane located at the average elevation of g feature
on the domponent that the_other component should be aligned to.

4.7 Reference vertical plane

The refgrence vertical plane is a vertical plane located at the average distance of a feature on
the component.that the other component should be aligned to.

4.8 BIest fit plane

The best fit plane is a calculated plane which represents a surface. The best fit plane minimizes
the sum of perpendicular distances from each measurement point to the plane.

4.9 Axis of rotation

The axis of rotation is the axis that all points on the rotating components rotate about.

4.10 Junction

A step s, where two components meet, or where the projection of one component meets the
other component (in cases where they are not in direct contact). See Figure 5.
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D

Water flow .

2

A
R
# L
Water flow
IEC
Figure 5 — Junction

4.11 Elevation

The ver

compon

ical distance to a.herizontal plane located at the average elevation of a featur
ent from the reference horizontal plane (see Figure 6).

e on the
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N
\

Neasured elevations

412 L

The lev
series
(see Fid

Ayerage elevation

Reference horizontal plane

IEC
Figure 6 — Elevation

evel

B[, as used in this document, is the deviation of\the best fit plane, calculated
bf equally spaced elevation measurements, *from a reference horizontal
ure 7).

~

- ~

Measured component

/ ~

/

/

/

|~

k 1 val laana ina ) Raforan k. I'Zeﬁ't'ai-p*a'r
velHrmi re

EereRee ot

Figure 7 — Level

4.13 Inclination

from a
plane

Inclination is the slope of a best fit plane of a vertical surface with respect to a vertical reference
plane(s) (see Figure 8).
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414 F

The dis
betweer

Best fit plane

Measured component

atness in line

' Inclinaison ]
(mm/m)

Figure 8 — Inclination

these two lines (See Figure 9).

IEC

ance between the two closest parallel lines, where all measured points fall

bn or in
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Best fit plane

Measured component

IEC
Figure 9 — Flatness in line

4.15 Pjarallelism

Parallelism is the difference between the maximum and minimum measured distances between
two lineg (see Figure 10).

Measurements

\,

Components.view

Component B

\/\

x
©
£

Q

£ Component A

Q
\ Y

D = Measured distance between the two components

d=Dmax_Dmin IEC

Figure 10 — Parallelism
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Orientation in plan is the difference in angle between the upstream and downstream axes of

the component with the reference upstream and downstream axes (see Figure 11).

Reference unit axis

0°\

Upstream

Component axis

Y+
—
//>\/:¢‘-_Hi‘><

4.17 Runner diameter

For the
diamete
These

cases O

f runner diameter-

/ | Y \

)
| ,Or_ientlation \
{ inplan \

Downstream IEC

Figure 11 — Orientation in plan

Runner diameter (RD)

purpose of this document;:\the runner diameter (RD) for reaction turbine is thg
r of the runner. For impulse turbine, the runner diameter is the jet pitch circle d
efinitions are only applicable for this document. Figure 12 a), b) and c) shows

Y

A

H I

largest
ameter.
Hifferent

N/

a) Francis runner diameter

IEC
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Runner diameter (RD) @0')

A
/

b) Kaplan or propeller runner diam

L
O

N s

1,

IEC
c) Pelton runner diameter

Figure 12 — Cases of runner diameters

4.18 Runner clearance

The runner clearance is the radial gap between the runner and the stationary seals (Francis
turbine) or discharge ring (Kaplan and propeller turbine). See Figure 13 a) and b).
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Runner upper seal clearance
\l for runner concentricity

Runner lower seal clearance
for runner concentricity

IEC

a) Runner clearance (Francis turbine)

/

J’ Runner clearance

IEC

b) Runner clearance (Kaplan or propeller turbine)

Figure 13 — Runner clearance

4.19 Guide vane top clearance

The guide vane top clearance is the clearance between the head cover and guide vane (see
Figure 14).
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4.20 Guide vane bottom clearance

The guide vane bottom clearance is the clearance between the bottom ring and the guide vane
(see Figure 14).

421 G

The gui
guide v{

——1— |-|
R e —

o 111
|

[0]

2

®

©

S

ﬂ;_ﬁ“ — &

I . ] Y

\ A
|

Headcover

[0]

l<«——Guide vane :c;

Bottom ring E

[$]

€

ke

8

4 Y

A

IEC
Figure 14 — Guide-vane top and bottom clearances

uide vane to guide vane\clearance

e vane to guide vane clearance is the clearance between the sealing surface
nes when the guide‘vanes are closed (see Figure 15).

Guide vane Tail
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422 S

Guide vane to guide
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Figure 15 — Guide vane to guide vane clearance

haft verticality

Shaft verticality is the deviation of the axis of rotation from vertical (see Figure 16).
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Figure 16 ~"Shaft verticality

tator core verticality

bre verticality is the deviation of the face of the stator core from vertical (see Fig

ure 17).
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Vertical line

Stator frame Stator core

Figure 17 — Stator core @ ality

N\
4.24 Ilotor pole verticality 0\

le verticality is the deviation of the fac@?the poles from vertical (see Figure {18).
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Figure 18 — Rotor pole verticality
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4.25 Stator magnetic centre

The stator magnetic centre is the average axial centre of the stator core (see Figure 19).

Stator frame Stator core

Stator magnetic centre

IEC
Figure 19 — Stator.magnetic centre

4.26 Rotor magnetic centre

The rotgr magnetic centre is the average axial centre of the rotor poles (see Figure 20).
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Figure20'— Rotor magnetic centre
4.27 Diameter of stator core\(Dg¢)
The diaeter of the statercore is the inside diameter of the stator core.

4.28 Runout

Runout |s a measure of the deviation of the geometric centre of the shaft from the axis of|rotation
(see Figure21). The magnitude of the runout is equal to the diameter of the orbit crgated by
the geometric’ centre of the shaft as it rotates around the axis of rotation.

For the runout tolerance calculation, two values are used:

e L: axial distance from thrust surface to the point of measurement;

e D: the thrust bearing sliding surface outside diameter.
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Figure 21 —(Runout

haft straightness

Faightness is the deviation of the geometric centre of a shaft, at any axial loc
t system, from an axis passing through the geometric centres of the two axial
haft system journals that.are furthest apart (see Figure 22).

ation on
centres
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Figure 22 — Shaft straightness
4.30 Turbine/generator-supplier

The turbine/generater supplier is defined in this document as the party who performs|design,
manufagturing andsinstallation works.

5 Best practices

Throughout the assembly of both the turbine and generator, taking preventative measures to
protect critical surfaces and components, such as flanges, bearings, windings, etc., from
contamination due to welding, grinding, cutting, painting, dust, debris, etc., is considered to be
a best practice.

Whenever components are welded at site, they are subjected to the potential distortion because of
stresses caused by welding. Care shall be taken to control the distortion within acceptable levels.

Measurements, whenever possible, should be taken at equally spaced locations to attain a more
accurate representation of the measured component.

Readings taken to check a certain tolerance value are sometimes usable for checking other
tolerance values simultaneously. For example, readings taken to check elevation may also be
used to check level and/or parallelism, or readings taken to check concentricity may also be
used to check circularity. This should be considered when determining how or what readings
should be taken.
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Une liste de toutes les parties de la série IEC 63132, publiées sous le titre général Lignes
directrices des procédures et tolérances d’installation des machines hydroélectriques, peut étre
consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'l[EC sous "http://webstore.iec.ch” dans les données relatives au
document recherché. A cette date, le document sera

e reconduit,
e supprimé,

e remplacé par une édition révisée, ou

e amepdé.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme |utiles a
une brfnne compréhension de son contenu. Les utilisateurs devraient, par consgquent,
imprimer cette publication en utilisant une imprimante couleur.
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LIGNES DIRECTRICES DES PROCEDURES ET TOLERANCES
D’INSTALLATION DES MACHINES HYDROELECTRIQUES -

Partie 1: Aspects généraux
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3 Ter

Aucun terme n'est défini dans le présent document.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC
e |SO

Electropedia: disponible a I'adresse http://www.electropedia.org/

Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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4 Concept

4.1 Généralités

Pour les groupes verticaux, les axes de référence sont définis en relation avec I'amont,
regardant vers le groupe a partir du c6té de l'alternateur (voir Figure 1). L’amont correspond a
I'axe Y+, 0° et 12 h 00. Le degré de I'angle croit dans le sens horaire; par conséquent, 'axe X+
correspond a 90°, le c6té droit et 3 h 00.

Pour les groupes horizontaux, 'amont est remplacé par le haut et I'aval est remplacé par le bas.

MNo
\YJ
Y+ \
Amont
12 heures
_— — T ——
~ e ~
/ \
s A Y

X- X+
= —1— Droite

[

Gauch - — —

9 ::Srez _l_ } 3 heures
\

\ /

N\ /
\\ //

~— |
\\—T—"/
Y-

Aval
6 heures IEC

Eigure 1 — Définition des axes pour les groupes verticaux

4.2 Clentre de référence

Le centre de référence est le meilleur centre de la composante désignée (ou spécifique) sur
laquelle il convient que toutes les autres composantes s’alignent.

4.3 Meilleur centre

Le meilleur centre d’'une composante a forme circulaire correspond au point ou se trouve la
déviation minimale de la circularité. Sa position est calculée a partie d’'une quantité de rayons
positionnés a angles égaux et mesurés a partir du centre de référence.

Résolution:

“_n “w_on

Les composantes “x” et “y” du meilleur centre a partir du centre de référence peuvent étre
calculées avec les deux formules suivantes, ou 0° est positionné a 'amont et I'angle croit dans
le sens horaire:
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2 .
X 272?:1& sin(6; )

2
y= 7Z:;Ri cos(6;)

ou
n estle nombre de lectures;
R; estles rayons mesures;

8, est la position anqulaire de chague mesure.

Le Tablgau 1 montre un exemple de calcul.

Tableau 1 — Exemple de calcul

J Compgsante
@(b centrge au
, centre de
Lecturg # Angle Composante X ¥ X -::alculé’ <</ ¥ calculé référgnce
1 o° 99,65 0,00 99,65 -0,11 99,98 99 B8
2 45* 99,95 70,68 70,68 78,57 71,01 100,11
5 ap* 100,05 100,05 0,00 55/84 0,33 99 54
4 135° 100,25 70,89 | -70,89 70,78 -70,55 99 54
5 180° 100,45 0,00 | -100,45 -0,11 -100,12 100{12
B 225° 100,05 70,75 | -70.75 70,86 70,41 99 B9
7 270° 100,00 -100,00 0,00 -100,11 0,33 100,11
3 315"° 99,60 -70,43 70,43 -70,54 70,76 99,01
Meilleur centre (X,¥}] 0,11 -0,33 Circularité 0,22
Concentricité 0,35
Angle 162°

L’explication du calcul du.meilleur centre est la suivante (voir Figure 2):
X(#4) = 100,25 xtsin135° = 70,89
Y(#4) = 100525 x cos135° = -70,89

beX|=40,00 + 70,68 + 100,05 + 70,89 + 0,00 + (-70,75) + (-100,00) + (-70,43)}{x 2/8 =
0,11

beY = {99,65 + 70,68 + 0,00 + (~70,89) + (-100,45) + (~70,75) + 0,00 + 70,43} x 2/8 =
-0,33

Concentricité: 1/(0,11)2 +(~0,33)2 =0,35

Ainsi, le meilleur centre de la composante est localisé 0,11 unités en amont (Y+) et 0,33
unités vers la gauche (X-) du centre de référence. Les rayons calculés, basés sur le
meilleur centre comme nouveau centre de référence, peuvent étre calculés dans le but de
déterminer la concentricité.

X calculé (#4) = X(#4) - bcX=70,89 - 0,11 = 70,78
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Y calculé (#4) = Y(#4) - bcY = -70,89 - (-0,33) = -70,55

Rayon calculé (#4) = \/(70,78)2 +(—70,55)2 =99,94

Circularité: max. — min. = 100,12 - 99,89 = 0,22

Scéma du meilleur centre

e Composgnte

=== Cercle parfait
centré ay centre
de référepce

s> Composgnte
centrée du centre
de référepce

5
IEC
Figure 2 — Exemple de calcul du meilleur centre

4.4 Cloncentricité

La concentricité est Ta distance radiale, d, entre le cenire de référence ef e meilleur centre de
la composante (voir Figure 3).
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IEC

arité est la différence entre les rayons maximal et minimal, mesurés a partir du

e la composante (veir Figure 4).

meilleur
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Meilleur centre de la composante

IEC
Figure*4 — Circularité

4.6 Plan horizontal de référence

Le plan| horizontal de référence est le plan horizontal situé a I'élévation moyennge d'une
caractéfistique de la composante sur laquelle I'autre composante doit étre alignée.

4.7 Plan vertical de.référence

Le plan vertical<de référence est le plan vertical situé a la distance moyenne¢ d’une
caractéfistique.de’la composante sur laquelle 'autre composante doit étre alignée.

4.8 Meilleur plan

Le meilleur plan est un plan calculé qui représente une surface. Le meilleur plan minimise la
somme des distances perpendiculaires de chaque mesure vers un plan.

4.9 Axe de rotation

L’axe de rotation est 'axe autour duquel tous les points des composantes rotatives tournent.

4.10 Jonction

Un décalage d, lorsque deux composantes se rencontrent ou que la projection d’'une des
composantes rencontre I'autre composante (dans les cas ou elles ne sont pas en contact direct).
Voir Figure 5.
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Figure 5 — Jonction

4.11 EJévation

La distd

caractér

nce verticale parsrapport a un plan horizontal situé a I'élévation moyenn
istique sur la composante a partir du plan horizontal de référence (voir Figure

e d'une
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N
\

Flévations mesurées

El¢vation moyenne
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Figure 6 — Elévation

4.12 Niveau

Le niveau, tel qu'il est utilisé dans le présent document, estla déviation du meilleur plan| calculé
a partir [d'une série de mesures d'élévation également espacées, a partir d'un plan hgrizontal
de référence (voir Figure 7).

Composante mesurée

Figure 7 — Niveau

4.13 Inclinaison

L’inclinaison est la pente du meilleur plan d’'une surface verticale par rapport a un ou des plans
verticaux de référence (voir Figure 8).
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Figure 8 — Inclinaison

nce entre les deux lignes paralléles les plus rapprochées, sur ou entre lesquel
s mesurés sont situés (voir Figure 9).
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Meilleur plan

Composante mesurée

Figure 9 — Planéité

4.15 P]arallélisme
[

Le para
lignes (yoir Figure 10).

Mesures

IEC

élisme est la différence entre les distances maximale et minimale mesurées en

\,

Vue des composantes

Composante B

[re deux

max

£ Composante A

D = Distance mesurée entre les deux composantes
d= Drax ™ Drin

Figure 10 — Parallélisme
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L’orientation dans le plan est la différence d’angle entre I'axe amont-aval de la composante et
I’axe amont-aval de référence (voir Figure 11).

OO

Amont \

Axe de l'unité Axe de la

de référence

e

Y+
— L >/composante
- ~
-~ ~

4.17 Dliametre de la roue
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Figure 11 — Orientation dans le plan

IEC

Dans le|contexte du présent document, pour les turbines a réaction, le diametre de roue (RD)
est le plus grand diamétre de la_roue. Pour les turbines a impulsion, le diamétre de rode est le
diametre du cercle des jets. Cette définition est seulement applicable pour le présent document.

Les Figlre 12 a), b) et c)-montrent différents cas de diamétre de roue.

A

Diamétre de roue (RD)

H I

Y

N/

a) Diameétre de roue Francis

IEC
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Diamétre de roue (RD) @0')

b) Diamétre de roue Kaplan ou a hé
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c) Diameétre de roue Pelton

Figure 12 — Cas de diamétres de roue

4.18 Jeu alaroue

Le jeu a la roue est I’espace radial entre la roue et les joints d’étanchéité stationnaires (turbine
Francis) ou la ceinture de sortie (turbine Kaplan ou a hélice). Voir Figure 13 a) et b).
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Jeu au joint d’étanchéité supérieur
\l pour la concentricité de la roue

Jeu au joint d’étanchéité inférieur
pour la concentricité de la roue

IEC

a) Jeu alaroue (turbine Frangis)

/

J’ Jeualaroue

IEC
b) Jeu a la roue (turbine Kaplan ou a hélice)
Figure 13 — Jeu a la roue

4.19 Jeu supérieur des directrices

Le jeu supérieur des directrices est I'espace entre le flasque supérieur (couvercle) et la
directrice (voir Figure 14).
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