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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC MACHINES -
GUIDE FOR DEALING WITH HYDRO-ABRASIVE EROSION
IN KAPLAN, FRANCIS, AND PELTON TURBINES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /6f TEC is to promote
international co-operation on all questions concerning standardization in the electrical and elegtronic fields. To
this end and in addition to other activities, IEC publishes International Standard echnical §pecifications,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE terested
in the subject dealt with may participate in this preparatory work. i and non-

governmental organizations liaising with the IEC also participate in this araton. korates closely

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity i s i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre i
the latter.

6) All users should
7) No liability shall

International Standard’IEC 62364 has been prepared by IEC technical committee 4: Hydraulic
turbines.

The text of this standard is based on the following documents:

FDIS Report on voting
4/279/FDIS 4/283/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful
understanding of its contents. Users should therefore print thi t using a
colour printer.
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INTRODUCTION

Many owners of hydroelectric plants contend with the sometimes very aggressive
deterioration of their machines due to particle abrasion. Such owners must find the means to
communicate to potential suppliers of machines for their sites, their desire to have the
particular attention of the designers at the turbine design phase, directed to the minimization
of the severity and effects of particle abrasion.

Limited consensus and very little quantitative data exists on the steps which the designer
could and should take to extend the useful life before major overhaul of the turbine
components when they are operated under severe particle abrasion service. This has led
some owners to write into their specifications, conditions which cannot met with known

&
N
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HYDRAULIC MACHINES -
GUIDE FOR DEALING WITH HYDRO-ABRASIVE EROSION
IN KAPLAN, FRANCIS, AND PELTON TURBINES

1 Scope

This Guide serves to:

a) present data on particle abrasion rates on several combinations of water quality, operating
conditions, component materials, and component properties collectg

hydro sites;

site;

c) develop guidelines based on “experience data”
materials faced with particle abrasion problems;

aggressiveness
materials of the

It is assumed i
abrasion ma

cavitation efosi 3 p on erosion. The quantitative relationship of the resulting
abrasion > is beyond the scope of this guide to assess it, except to
recommend tF al efforts be made in the turbine design phase to minimize cavitation.

Large solids (e.g~stopes, wood, ice, metal objects, etc.) traveling with the water may impact
turbine components” and produce damage. This damage may in turn increase the flow
turbulence thereby accelerating wear by both cavitation and abrasion. Abrasion resistant
coatings can also be damaged locally by impact of large solids. It is beyond the scope of this
Guide to address these issues.

This guide focuses mainly on hydroelectric powerplant equipment. Certain portions may also
be applicable to other hydraulic machines.

2 Terms, definitions and symbols

2.1 Units

The International System of Units (S.l.) is adopted throughout this guide but other systems
are allowed.

Documents
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2.2

Terms, definitions and symbols

For the purposes of this document, the following terms, definitions and symbols apply.

NOTE They are also based, where relevant, on IEC/TR 61364.

Full document details: IEC 62364 2013

Sub- Term Definition Symbol Unit
clause
2.21 specific_ specific energy of water available between the high and E J/kg
hydraulic low pressure reference sections 1 and 2 of the machine
energy of a
machine Note 1 to entry: For full information, see IEC 60193.
2.2.2 acceleration local value of gravitational acceleration at the place of m/s2
due to gravity testing (\\
Note 1 to entry: For full information, see IEC 60193. <
Y A O\
2.2.3 turbine head available head at hydraulic machine terminal \> m
H=E/g
pump head
2.2.4 reference reference diameter of the hydraulic machin \)D m
diameter
Note 1 to entry: For Pelton turp
diameter, for Kaplan turbines thig i
diameter and for Francis and
this is the blade Qw pre
band
Note 2 to entry: See IECGO
2.2.5 abrasion depth | depth of metal layer th as begnNemowed from a S mm
cononent due to\particle abrasi
2.2.6 characteristic c raa\ri}éic velogi dew far each machine /4 m/s
velocity [ comyponeht and used tonguantify)particle abrasion
/\ Note 1 try:%\als 2.2.20 t0 2.2.24.
2.2.7 particle ass\of aWarticles per m3 of water solution C kg/m3
concentrati
1Mo entry)) In case the particle concentration is
in ppm it is recommended to use the mass of
mass of water, so_that 1 000 ppm
approximately corresponds to 1 kg/m*.
N
2.2.8 particle, lo the particle concentration integrated over the time, 7, that PL kg x h/m3
is ynder consideration
T
PL = IC(Z) x Kize (1) Kshape (1) % Khardness (1)dt
0
N
~ ch * Ksize,n X Kshape,n X Khardness,n % Ts,n
n=1
C(t) = 0 if no water is flowing through the turbine.
If the unit is at standstill with pressurized spiral case then
C(1)=0 when calculating PL for runner and labyrinth seals,
but C(1)#0 when calculating PL for guide vanes and facing
plates.
2.2.9 size factor factor that characterizes how the abrasion relates to the Kgize
size of the abrasive particles
2.2.10 shape factor factor that characterizes how the abrasion relates to the KShape
shape of the abrasive particles
2.2.11 hardness factor | factor that characterizes how the abrasion relates to the Khardness
hardness of the abrasive particles [lo_c_um_ents
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Sub- Term Definition Symbol Unit
clause
2212 material factor factor that characterizes how the abrasion relates to the K.,
material properties of the base material
2.2.13 flow coefficient | coefficient that characterizes how the abrasion relates to K mm x s34
the water flow around each component kg x h x m®
2.2.14 sampling the time interval between two water samples taken to T, h
interval determine the concentration of abrasive particles in the
water
2.2.15 yearly particle the total PL for 1 year of operation, i.e. PL for T= 8 760 h PLycar kg x h/m?3
load calculated in accordance with 2.2.8
2.2.16 maximum the maximum concentration of abrasive particles over a x kg/m?3
concentration specified time interval
2.2.17 particle median | the median diameter of abrasive particles in a sample, mm
diameter i.e. such diameter that the particles with size smaller n
the value under consideration represent 50 % of the ‘total
mass of particles in the sample
2.2.18 wear abrasion depth or volume of a reference materi \ W -
resistance (generally some version stainless steel) dj
index abrasion depth or volume of the material |
tested under the same conditions
2.2.19 impingement the angle between the partlcle traj °
angle of the substrate
2.2.20 characteristic
velocity in
Francis guide Woy m/s
vanes
characteristic
velocity in
Kaplan guide
vanes
2.2.21 characteristic
velocity in
guide va f Wov m/s
Kaplan,
Francis or
tubular
turbines /\
2.2.22 { &%he water flow at injector location
mj 2><E Winj m/s
2.2.23 characteljsti relative velocity between the water and the runner Wein m/s
veloCity in de estimated with below formulas at best efficiency
Kaplan 0 pomt
Francis tubu
turbine runner 2 2
Up =nxgxD
x4
Co = —Q 2
7xD
Note 1 to entry: In calculation of ¢y for Kaplan turbines,
the hub diameter has been neglected in the interest of
simplicity.
2.2.24 characteristic speed of the water flow at a Pelton runner
velocity in - /
Pelton runner Weun =0,5x+/2x E run m/s
2.2.25 discharge volume of water per unit time passing through any section o m3/s
(volume flow in the system
rate)
2.2.26 guide vane average shortest distance between adjacent guide vanes A m
opening (at a specified section if necessary) [)Ocumelnts

Document Sharing Hub

Full document details: IEC 62364 2013


http://www.avadocuments.com/doc/iec-62364-2013
http://www.avadocuments.com/doc/iec-62364-2013

62364 © IEC:2013 -11 -
Sub- Term Definition Symbol Unit
clause
Note 1 to entry: For further information, see IEC 60193.
2.2.27 number of total number of guide vanes in a turbine Z,
guide vanes
2.2.28 distributor height of the distributor in a turbine B, m
height
2.2.29 rotational number of revolutions per unit time n 1/s
speed
2.2.30 specific speed commonly used specific speed to of an hydraulic machine ng
_ 60xnx+P
ST (\
P and H are taken in the rated operating point and gi <
in KW and m respectively
2.2.31 output output of the turbine in the rated operating poirg/\\ P \ kw
2.2.32 actual abrasion | the estimated depth of metal that will be re a tyrget, mm
depth of target component of the target turbine due to p actual
unit
Note 1 to entry: For use with the?eﬁa\m
2.2.33 actual abrasion | the actual depth of metal that has\been r¢dmove rorh\/ Sref, actual mm
depth of component of the reference turb e fo ticle
reference unit abrasion
Note 1 to entry: or use with the\Referdnce mogdel.
2.2.34 number of number of nozzleg'in a Peltor_tuxbine Z0
nozzles (\
2.2.35 | bucket width bmidﬂ’rm\a' ﬁe{on\{nber > B, mm
AN
2.2.36 number of number c}lbu ets i Wnner 2
buckets
2.2.37 time betyeen time between ov hWarget unit TBOarget h
overhau
t t unit 1 tonentry\_ Forbuse with the reference model.
arget uni /\ /{
2.2.38 time betwee time_between overhaul for reference unit TBO, o h
overhaul TQr
referefise unit te 1 entry: For use with the reference model.
2.2.39 rbi \ e réfe}éwe size for calculation curvature dependent RS m
4 refexence effects of erosion
te 1 to entry: For Francis turbines, it is the reference
diameter, D (see 2.2.4).
Note 2 to entry: For Pelton turbines it is the inner bucket
width, B.
Note 3 to entry: For further information in the inner
bucket width, B, see IEC 60609-2.
2.2.40 size exponent exponent that describes the size dependant effects of p
erosion in evaluating RS
2.2.41 exponent numerical value of 0,4-p that balances units for K¢ a

3 Abrasion rate

3.1

Theoretical model

In order to demonstrate how different critical aspects impact the particle abrasion rate in the
turbine, the following formula is considered:

Full document details: IEC 62364 2013
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dS/dt = f(particle velocity, particle concentration, particle physical properties, flow pattern,
turbine material properties, other factors)

However, this formula being of little practical use, several simplifications are introduced. The
first simplification is to consider the several variables as independent as follows:

dS/dt = f(particle velocity) x f{particle concentration) x f{particle physical properties, turbine
material properties) x f(particle physical properties) x f{flow pattern) x f{turbine material
properties) x f{other factors)

This simplification is not proven. In fact, many examples can be found where this
simplification was not strictly valid. Nevertheless, based on literature studies~and experience,
this simplification is considered to be justified for hydraulic machines.

the values should be based are given below:

e f(particle velocity) = (particle velocity)”. In the lite
proportional to the velocity raised to an exponer

9 turbine component, RS = turbine

e f(flow pattern) = K¢/RSP (
- turbine component). K; considers

reference size in
impingement angle

Ky

e f(particle physica ) i ize, particle shape, particle hardness) =

flparticle size) ¢
assumed@}}
particle hargries

y)_ It is believed that Kp,, Will increase with the degree of
es. Specific data is not available at present but several

) = K- In this guide we consider K, = 1 for martensitic
13 % Cr and 4 % Ni and K, = 2 for carbon steel. For coated

e f(other factors) = 1.

Again, these functions are engineering approximations in order to obtain useful results for
hydraulic machines. We then have the following formula

ds/dt = (particle velocity)34 x C x K ardness * Ksize X Kshape * K¢ /RSP x Kp,

The final step is to integrate this formula with respect to time. When we do this we find three
distinct different types of variables with respect to their variations in time:

1) particle velocity and Kj: these variables vary with the water flow relative to the
individual component, which in turn may vary with the head and flow;

2) C Khardness Ksize @Nd Kgpape: these variables vary with the particle properties.
Integrated over time these variables become particle load, PL (see 2.2.8 for definition
of PL and Annex A for a sample calculation);

3) RS, p and K,,: these variables are constant in time. Documents
Document Sharing Hub
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To find a simple and reasonably accurate estimate of the time integral, the PL variable (see
2.2.8) is introduced. PL integrates C, Kparaness: Ksize @Nd Kghape OVer time. When using PL,
the particle velocity and K; can be considered approximately constant over a limited variation
of head and flow (see 3.2). Since these variables are considered constant, K; and p were used
as calibration factors to obtain good agreement between actual test data and the formula. The
particle velocity can be replaced with the characteristic velocity, W, defined in 2.2.20 to
2.2.24.

W may be calculated for a specific turbine based on main data and dimensions. Since the
effect of velocity on abrasion is proportional to the velocity raised to a power of 3,4 it is very
important to estimate it accurately. For new turbines during design and bid stage, W for
different components should be provided by the turbine manufacturer. When this is not
possible, W can be estimated approximately from the diagram in Figure 1.

N

o5 @A NaN
Wyun = (0,25 + 0,003 x ng) x (2 x g x mo&
SN
R

SN
5 15 d
o
o
> §
‘©
ke
o
2 - 0,5
3] % ng—0,55><(2><g><H)'
©
£
(@]

0.5 / X \)

. (\

%O 200 300 400 500 600 700 800
Turbine specific speed (using m, kW)

NOTE Values of nw in this figure refer to the rated operating point while the characteristic velocities are
given for the points noted in 2.2.

Figure 1 — Estimation of the characteristic velocities in guide vanes, ng, and runner,
W.un» @s a function of turbine specific speed

So the final, time integrated formula becomes:
S = w34 xPL xK,, xK;/RSP
S is the numerical value of the abrasion depth in mm.

3.2 Introduction to the PL variable

In this code the PL variable has been introduced, which has not been widely used before. One
common way to integrate abrasion over time has been to consider the total weight of particles
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that pass the turbine. However, this approach has usually not considered the effects from
variation in flow or head in the turbine and could therefore lead to erroneous conclusions.

To illustrate this consider the following example. A Pelton injector (see Figure 2) operates for
one day. Assume the head is 800 m and the abrasive particle concentration is 0,1 kg/m3.

Case 1: At full opening (top half of Figure 2) the water with particles flows over the seat
ring with a velocity of (2xgxH)%% = 125 m/s. In one day the amount of particles that pass
the injector is 2 m3/s x 3 600 s/h x 24 h/day x 0,1 kg/m3 x 1 day = 17 tons.

Case 2: At 10 % opening (bottom half of Figure 2) the water with particles flows over
the seat ring with the same velocity as in case 1 (125 m/s). In one-day the amount of

In both cases the seat ring has been subject to abrasion with the same pa extration,
the same water velocity and the same amount of time. Ther gbrasion
damage is the same. The PL variable also gives the same val Case owever, the

total weight of particles that has passed the unit is 10 ti 2 ompared to

particles that has passed the seat ring.

. 3
Full opening 0=2m'/s (-\

(
Y - M

The same type of reasoning can also be applied to other components subject to abrasion. In
the following is a condensed summary of such analysis.

e Pelton needle tip

Very good correlation between PL and abrasion damage with minor influence of turbine
discharge or head is expected. Some influence from the turbine flow since the water velocity
is lower further inside the injector, where the needle is located at high flows. Some influence
from turbine head since the water velocity is proportional to the square root of the head. With
head and flow variations that are normal in Pelton projects this influence is disregarded in the
interest of simplicity.

e Pelton runner

Good correlation between PL and abrasion damage with minor influence of turbine discharge
or head is expected. Some influence from the turbine flow since the water film is thicker at
higher flows and therefore more particles may be pressed towards the outside sur@c m
centrifugal forces. Some influence from turbine head since the relative water vel @&lﬁ ents
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runner depends on the head. With head and flow variations that are normal in Pelton projects,
this influence is disregarded in the interest of simplicity.

e Francis and Kaplan guide vanes and covers / facing plates

Good correlation between PL and abrasion damage with minor influence of turbine discharge
or head is expected. Some influence from the turbine flow since the water velocity is higher at
low discharge and the pressure difference between the two sides of the guide vane varies
with flow. In particular, if the unit is at standstill with pressurized spiral case the leakage flow
through the guide vanes has high velocity. Some influence from the turbine head since the
relative water velocity in the guide vanes depends on the head. With head and flow variations
that are normal in Francis and Kaplan projects, this influence is disregarded in the interest of
simplicity.

e Francis runner seals / labyrinths

since they influence the pressure before and after the seal ané thu he leaka Flow through

the seal. With head and flow variations that are normal i influence is
disregarded in the interest of simplicity.

e Francis runner blade inlet

Good correlation between PL and abragion dam@ ence of turbine discharge
or head is expected. Some influence/rom the ‘ &g expected since the water
velocity is higher at low discharge. Moxegovey, grence between the two sides
of the guide vanes varies with opening, xesulinyg \ cakage between the guide vanes

and the covers which in turn results i ble flow conditions at the runner inlet.

Also discharge and head variations f

it is expecte
partial load.
interest of simplic
e Kaplan runner blade

Very good correlation between PL and abrasion damage with minor influence of turbine
discharge or head is expected. With head and flow variations that are normal in Kaplan
projects this influence is disregarded in the interest of simplicity.

e Kaplan runner chamber

Good correlation between PL and abrasion damage with minor influence of turbine discharge
or head is expected. With head and flow variations that are normal in Kaplan projects this
influence is disregarded in the interest of simplicity.

3.3 Survey results

A questionnaire was sent to plant operators at sites known for their exposure to particle
abrasion problems. The purpose of this questionnaire was to collect and analyndiétﬁments
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particle abrasion rates on as many combinations of water quality, operating conditions,
component materials, and component properties as possible.

This data was analyzed and the factor K; and the exponent p determined for each component
to get the best possible correspondence between the calculated and observed amount of
erosion. The average K; was then determined for all observations with components of the
same type. Table 1 below shows the resulting K; and p for various components as well as the
number of observations. The ratio between the measured and calculated values of the
abrasion depth was determined and the standard deviation calculated.

Table 1 — Data analysis of the supplied questionnaire

Component K; Exponent p Number of
(for RS) observation
Francis guide vanes 1,06 x 106 0,25 7<\\
Francis facing plates 0,86 x 10°° 0,25 7
Francis labyrinth seals 0,38 x 106 075 \7 \\
Francis runner inlet 0,90 x 10°° 0,25 \& \

Francis runner outlet 0,54 x 10°® 0,75 ) \6\ > 41

able ab@ ws that the formula gives
he axqount/of observations is limited and

available for a meaningful analysis.
rbines to give detailed guidelines.

of on€ turbine (here called reference turbine) and the differences in
to another turbine (here called target turbine) have to be known to

The aim of the Reference model is not to calculate the erosion depth (S). Therefore a
calibrated model for the depth is not necessary. The criteria for the TBO can be the relative
amount of damage, the efficiency loss or some other criteria but has to be the same for both
turbines.

There are a few differences in the way the formula is built up between the Reference model
and the absolute model as follows:

e since the Reference model does not calculate the erosion depth of individual
components, constants valid for the whole turbine are used instead of different
constants for different components;

e a larger turbine can normally withstand more abrasion depth than a small turbine
before it needs overhaul. For this reason the exponent for turbine reference size, p, is
chosen as 1 in the Reference model;

o for Pelton turbines it is assumed that the critical component for overhaul is the runner.

In addition to the factors described above, the K; for Pelton runners is assm&ﬂments
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proportional to the number of nozzles and the speed and inversely proportional to the
number of buckets;

o for Pelton turbines the reference size is taken as the bucket width, B,, instead of the
runner diameter.

The TBO for the target turbine can be calculated as follows:

TBOtar et/ TBO 5= W, ref 4/ Wtarget X PLref/PLtarget ol Km,ref/Km,target XKf,ref/Kf,target
XRStargetp / RSP

In this equation we use the following values for the relationships:

Pelton turbines: K; o/ Kf target = Z0,ref X Mref X 22 target’ (20,target ¥ Mtarget X 22 ref)

Francis and Kaplan turbines: K 1o / K target = 1
Size exponent: p = 1
een the

The accuracy of the Reference model might decrease whe be

reference and target turbines become large.

The sensitivity of the calculated TBO value to varian ables can also be

studied with the same formula.

4 Design

41 General

It should be understood\that\every h 1ic erplant is a compromise between several
requirements. While it_i ! a unit to be more resistant against particle
abrasion this .\eo'.

e reduced runner blade overhang may result in reduced cavitation performance, which in
turn may reduce the output that can be achieved for a turbine upgrade,

e many abrasion resistance design features will increase the total cost of the powerplant.

The optimum combination of abrasion resistant design features should be considered and
selected for each site based on its specific conditions.

4.2 Water conveyance system

An important consideration for the water conveyance system is to remove as many particles
as possible already before they enter the high velocity zones in the machinery. Large
reservoirs may be very useful for this purpose. If a large reservoir is not available, so-called
desilting chambers may be built. It appears that the minimum particle size that can be
removed by desilting chambers is to the order of 0,1 mm to 0,3 mm unless the cost and size
of the structures becomes prohibitive. The detailed design of desilting chambers is gutside the

scope of this Guide. ocuments

Document Sharing Hub

Full document details: IEC 62364 2013


http://www.avadocuments.com/doc/iec-62364-2013
http://www.avadocuments.com/doc/iec-62364-2013

-18 - 62364 © IEC:2013

It is also important that any transient conditions that the powerplant may experience do not
disturb the sand in sand traps, or other places where sand may accumulate, so that it is
drawn into the turbine. Therefore, the design of sand traps should also consider possible
transient conditions.

Even small amounts of large particles, such as stones, can cause severe damage since they
may not be able to pass the turbine until they have been crushed into smaller pieces. This is
due to the centrifugal force in the rotating water between runner and guide vanes. It is
therefore important that tunnels and penstocks are clean and tidy at initial startup and after
maintenance work.

Due to generally low velocity the water conveyance system itself seldom sees significant
abrasion damage and normal coating paint is usually enough to protect it.

4.3 Valve
4.3.1 General

If solid particle abrasion is expected, as a general rule all i s in the flow
are subject to high abrasive attack. Therefore a spherical S S
a butterfly valve where the sealing disc is continuousl ~ 3 sive water flow.

ter should be as small

As a general rule for the design, the area expogey ¢ akrasive w
ction\change of the flow should also

as possible. Discontinuities and sharpAransitions
be avoided.

dire

The shape of the housing around the sealing “af Qtor or disc shall be smooth without

sharp edges and big changes in the floy di@n.

In case of several units on\a sihgle penstock and Wwith a spherical valve or a butterfly biplane
valve as inlet valve, it a“maintenance seal in addition to the service seal.

This will make it passik
in service. @

A ring gate is a spé - and similar considerations apply to the ring gate and the
main inlet valve.

4.3.2 i resistant materials and coating

subject to abrasive wear is important. See also Clause 5.

Because corrosion with simultaneously acting abrasion increases the wear rate, stainless
steel is the preferred selection. Weldable stainless steel materials are preferred. On the basis
of the larger hardness, martensitic steel is favored over austenitic steel. Weldability and
erosion resistance are often contradictory and an optimum should be sought in each case.

The possibility to weld in situ is an advantage for future repair.

In case abrasion resistant coatings are not applied, it is recommended to make a mechanical
component design where such coatings can easily be applied at a later stage.

The whole sealing area should be made of stainless steel and, if subject to abrasive wear, a
coating should be applied.
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4.3.3 Stainless steel overlays

Stainless steel welded overlays with sufficient thickness may be used instead of solid
stainless components, if the abrasion area is not too large.

4.3.4 Protection (closing) of the gap between housing and trunnion

The area between trunnion and housing is especially susceptible for abrasive wear. Since the
transition trunnion to the rotor is one of the highly stressed areas of the inlet valves this area
has to be especially protected. Completely stainless or welded stainless overlay protected
trunnions are recommended. Through a pre-labyrinth, the transitions can be protected against
the direct attack of abrasive particles (see Figure 3).

2 " \

N\

4.3.5 Stops located

In abrasive condijtiqns it i
rotor, are pIace s

recommended tha g design takes into account a higher differential pressure for opening or
closing. If the inlet valve is designed as an emergency shutoff valve it may already be able to
open against a higher differential pressure.

Please see 5.2.2 for an example of how the pressurization of the spiral case can develop with
abrasive wear in the guide vanes.

4.3.7 Increase bypass size to allow higher guide vane leakage
As already mentioned in 4.3.6 above, due to the excessive abrasion at the guide vanes the
leakage water flow will increase to such an extent, that the balance water flow through the

bypass of the inlet valve is not sufficient to achieve the pressure balance between the inlet
pipe and spiral casing.

It is therefore recommended to increase the capacity of the bypass system.
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4.3.8 Bypass system design

It is recommended to use an external bypass system instead of an internal one.

4.4 Turbine
441 General

These guidelines do not include details such as hydraulic profile shapes which should be
determined by the hydraulic design experts for a given site.

44.2 Hydraulic design

4.4.2.1 Selection of type of machine

e in the choice between a vertical shaft Kaplan and a E

velocity. On the other hand, the Kaplan rgnne
resistant coatings. The servicedbility is’approxi

e in the choice between a Francis
maximum velocity. However, the
maximum velocity (i.e. the ne
access for applying~abrasio
service.

Xelton turbine that are subject to the
b rings) are small and have better

4.4.2.2 Specific speed

For the same pl@ z
velocities in the r &

and in the runner iRle

ines are normally bigger and have lower water
e water velocities are not lower in the guide vanes
and low head Francis turbines, most of the abrasion

number of jets will alitomatically result in a lower specific speed.

4.4.2.3 Variable speed

Even though variable speed machines are not frequent, they are less prone to cavitation,
even under a wide head range operation. Due to this characteristic, the variable speed
machine may better resist particle abrasion.

4.4.2.4 Turbine submergence

Cavitation and abrasion will mutually reinforce each other. For this reason it is recommended
that the turbine submergence is higher for plants where abrasion is expected.

4.4.2.5 Runner blade overhang

During the refurbishment of a Francis turbine wheel it is sometimes necessary to significantly
increase the turbine output. One way to do this is to extend the runner band insi(Boeuments
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tube cone, in order to increase the blade area and therefore improve the cavitation
performance, see Figure 4. However, this creates additional turbulences at the entrance of
the draft tube cone that will increase metal removal if particles are present in the water. A
secondary effect of the overhang blades is to create a lower pressure zone downstream of the
runner band seal, thus creating higher seal leakage and more particle abrasion at the band
seal.

4.4.2.6

Increased runner blade
before the removal of

of the runner. Designing
the turbine efficiéij} 4
of “mouse-ear” cavita

see Figure 5) may
coatings may pré
thickness due

s becomes critical for the structural integrity
be done with care. A thicker blade may reduce
gr issues with von Karman vortices. Also, the risk
page on the runner band, downstream of the blade,
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—the area underneath the guide vane will experience high
and particle abrasion may be significant in that region. The
nce the runner inlet at the band. It is recommended to make

4.4.3.1 General

If abrasion is expected and the turbine type is defined, not only the hydraulic design but also
the mechanical design can take some precautions to reduce the abrasion rate and to allow
easy maintenance or replacement of the abraded parts. In this subclause some features are
mentioned.

If a special coating is foreseen, the design of the coated parts shall allow the type of
application.

As a general rule for the design, the area exposed to the abrasive water should be as small
as possible. As well, discontinuities and sharp transitions or direction change of the flow
should be avoided.

The following subclauses are divided in direct measures to reduce abrasion and measures to
allow an easy maintenance to dismantle the abraded components. Documents
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4.4.3.2 Direct measures to reduce abrasion or increase lifetime under abrasive
attack

4.4.3.21 Guide vane seals

There are three different types of seals: end seals, seals between the inlet and trailing edge
of the guide vanes, and seals between the trunnion of the guide vane and turbine head cover
and bottom ring.

End seals may be provided in the end faces of the guide vanes. This type of seal is effective
in all operation modes. Another type of end seal is located in the adjacent headcover and
bottom ring. This type of seal is only effective if the guide vane is closed. Both seal types
reduce the leakage water flow through the small end gaps and reduce the mraterial abrasion of

closed distributor. The principle here is the sa
effective when the unit is closed witho

d’head cover and bottom ring.
in closed position of the guide vanes
ial of the seal rings should be solid

and have a positive effect on the abrasion fate.
wear resistant stainless st orc d ta S\R
]
:: =I 8 -
% ‘
Fl

]
=hi

Figure 6 — Detailed design of guide vane trunnion seals
All seals should have a stainless steel or a wear resistant coating counterpart.

A more effective method for reducing leakage at standstill is prestressing the guide vanes in
closed position. In addition, the trailing edge could be manufactured in a cambered shape, to
compensate for the guide vane deformation under pressure that results in a closebgap even
with the headwater pressure acting on the closed guide vanes. ocuments
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4.4.3.2.2 Location of runner seals

The right location of the labyrinth rings in Francis turbines could also reduce the abrasive
attack on the labyrinth rings. Collecting abrasive particles in front of the labyrinth rings and an
increase in particle concentration should be avoided.

For medium and high specific speed turbines, the labyrinth rings could preferably be located
directly at the transition between the head cover and bottom ring and the outer rim of the
runner crown or band.

If, due to this position of the labyrinth rings, unbalanced axial forces occur, this shall be
compensated in the layout of the balancing pipes or thrustbearing.

4.43.2.3 Protection of concrete with longer steel lining

In normal operating conditions, without abrasive particles, a steef
protection should be provided if the flow velocity is higher thapg§
contains abrasive particles the protection should be extended
against abrasion. In this case the limit of the flow veloci{y™
5 mi/s.

4.4.3.2.4 Material selection

A standstill seal Ts.yeCommended to protect the seal at standstill against the ingression of
water containing abrasive particles. If no standstill seal is provided and the tailwater pressure
is acting on the shaft seal, the shaft seal should be fed with clean sealing water also during
standstill.

The shaft seal should also be easy to replace without having to dismantle other parts.

4.4.3.2.6 Facing plates on the head cover and bottom ring

Facing plates on the head cover and bottom ring at the ends of the guide vanes are effective
to reduce the abrasive wear. They are fixed on the head cover and bottom ring and are
removable. Use of martensitic steel or coated plates instead of austenitic steel will increase
the protection.

If the expected abrasion wear is high and the facing plates have to be changed often it is
recommended to fix the facing plates with bolts from the dry side of the head cover or bottom

ring. The bolts have to be sealed accordingly. Documents
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from complete stainless
the lifetime of the runner

tainless steel protection plates is recommended in
runner crown or band, especially in areas of

Repair of abraded stainless steel overlay can be done by new

relding on stainless steel tiles or a thermal spray coating.

of a component due”to abrasion. Increasing the thickness of hydraulic components such as
runner blades, is discussed in 4.4.2.6.

For structural components, which do not influence the efficiency, the wall thickness can be
increased in critical areas to avoid early failure of the component due to higher stresses.
Typical components are guide vane trunnions, increased wall thickness at discontinuities in
head covers, bottom rings, guide vanes and stay vanes.

One important item is to have enough wall thickness in embedded steel pipes — especially if
pressure relief or balancing pipes from head covers are used. The bends of these pipes are
particularly subject to strong abrasive attack due to sudden changes in water flow direction.
Therefore these pipes should have increased wall thickness, and pipe bends with a greater
radius should be used. Please see Figure 8 for typical balancing pipes.

When such balancing pipes are used, they should also be designed for low water velocity,

taking into account any increased leakage of the labyrinth seals. It is, of course, al ossible

to accomplish the balancing with holes in the runner instead of separate baiancing : ments
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4.4.3.2.10 Thrust bearing

seals and therefore the clearance of the [abyrinth 2 If particle abrasion is present, the
thrust bearing may be desig randle additional Yoad

so that the unit can be operated with

4.4.3.3 Design.co : 3 naintenance or replacement
4.4.3.3.1 Ge@

If the componentg a by ab a3|on and have to be replaced it is very |mportant that
the replacement '

The main compon which have to be replaced or dismantled for repair in Francis turbines
are the runner, the guide vanes and the facing plates. The removal of the runner and lower
cover from the bottom enables a quick dismantling without removing the generator, operating
mechanism and headcover.

If, for of specific reasons, the dismantling from the bottom of the unit is not possible, a
“dismantling from the middle” in the direction of the turbine floor also makes the removal of
the runner easier because the generator could remain in place. However, the headcover and
operating mechanism have to be removed.

To facilitate the dismantling of the runner, the coupling between the runner and turbine shaft
should be easy to assemble and disassemble. Friction type couplings are recommended since
joint machining of the runner and shaft or joint reaming and new fitting of shear bolts is not
necessary.
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4.4.3.3.3 Appropriate design for coating

The resistance of the components against abrasion can be considerably improved through
appropriate abrasion resistant coating. The extension of the service life of a coated
component which can be achieved depends on several factors, for example:

e component and turbine type;

e head and discharge;

e particle concentration and composition;

e flow conditions around the component.

The following main components, classified according to the type of an at present be
considered for coating, either fully or partially according to the f\sta [
Specific coating schemes should be decided based on the ne
accessibility and economy:

brasion, protection,

Francis turbine, pump, pump turbine:

e Runner
— labyrinth seals

— if possible the entire flow tun if a 3 g is difficult the coated areas
blade inlet)

e Bottom ring.— |
Pelton turbine:@

Kaplan, Propeller and Bulb turbines:

e Runner hub

e Runner blades

e Runner chamber
The application of thermal spray should be carefully considered for components, which are
subjected to greater expansions conditioned by their function. In the case of a nozzle seat

ring, at head greater than 1 000 m, the expansion of the seat ring can lead to cracks in the
coating and thus the failure of the component.

The coating layer thickness and the tolerance of the coating layer thickness should be taken
into consideration in all the components, whose function places high requirements on strict
tolerances. This is, for example, the case for labyrinth seals, as well as between facing plates
and guide vanes.
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The residual stresses in thermal spray layers may lead to chipping off and cracks at sharp
edges or pointed corners. For example for thermal spray coatings, the radius on the edges is
recommended to be minimum 0,5 mm and in corners minimum 1 mm at present status of
technology.

4.4.3.3.4 Exceptional use of carbon steel as base material

In general, stainless steel is recommended as small damages to the coating will result in less
corrosion and abrasion with stainless steel. However, the use carbon steel can also be
considered for economic reasons (with possible increased risk of corrosion, abrasion and
cavitation).

4.4.3.3.5 Accessibility for thermal spray coating

A minimum space is required for the application of a thermal spray co@ting.(This issue should

m, where partial coating may be the only feasible solution.

Step-labyrinths have small space between the fingers thus 8¢
such as concentrically split seals. For straight labyrinths N €O ended\to use a straight
gap or to optimize the shape of the step, see Figure 9,5

abyrinth with optimized shape for hard coating

The following i are’recommended for consideration during operation of the units.

e Shut down the units at higher particle concentration periods. This may prevent excessive
wear on the unit for a small amount of production loss. This strategy can be particularly
useful for run of river schemes, where a significant variation in particle concentration can
happen occur very quickly. It is recommended to install an early warning system to
measure the upstream particle concentration manually or automatically, and to stop the
unit before the water with large particle concentration reaches the intake.

e In case water with high particle concentration has been standing in the penstock for a long
time, particles may deposit at the bottom of the penstock. It may then be difficult to open
the inlet valve. In this case it may be possible to inject compressed air and open the
penstock drainage valve to flush out particles immediately in front of the inlet valve.

e Minimize the amount of debris passing through unit. Large solid items, for example logs,
gravel (larger than 2 mm), etc. may damage the hydraulic surfaces and any abrasion
resistant coatings. Damage to hydraulic surfaces may increase the turbulence of the flow,
which will, in turn, increase the abrasion damage. This is especially important for high
head Francis and Pelton units, since the water velocities are very high and these units rely
on smooth hydraulic surfaces to keep the turbulence low. Documents

Document Sharing Hub

Full document details: IEC 62364 2013


http://www.avadocuments.com/doc/iec-62364-2013
http://www.avadocuments.com/doc/iec-62364-2013

62364 © IEC:2013 -29 -

e Do not operate the unit in case the abrasion damage jeopardizes the safety of operation.
As the abrasion damage progresses the unit will eventually become unsafe to operate.
This could for example be due to the seal leakage increasing so much that the axial thrust
exceeds allowable limits or that the remaining material thickness of some component falls
below acceptable minimum thickness. Regular inspections of critical components should
be made at least every year and inspection results compared to predefined acceptance
criteria.

e For Pelton turbines the best ratio of produced electricity to abrasive wear is at full opening
of one or more nozzles. Contrary to other turbine types, Pelton turbines allow for reducing
the wear with reduced load by full closing individual nozzles, if allowed by the mechanical
design of the turbine.

abrasive wear is
h as possible.

e For other types of turbines the best ratio of produced electricity to
obtained at the largest opening. Avoid no load or low load operation a

fonly by
the guide vanes, the water leaking past the guide vane e very high
velocity, close to the free spouting velocity. This will ga
vane apparatus. By closing the inlet valve this abrasi

valve is especially important for high head units.

4.4.5 Spares and regqula

e Keep additional spa
complete se
and runner) may pbe

gast once per year and compare inspection results to
ia. Keep adequate records of the amount of abrasion damage

It is important to keep permanent records of the concentration and properties of abrasive
particles in the water. Water samples can be taken at predetermined intervals and analyzed in
a laboratory. In addition, there are now several types of equipment for continuous monitoring
of particle concentration in the water. They can be used for making operation decisions to
avoid periods with extreme high particle concentrations. If it is to be used for this purpose the
measuring station should be carefully selected to give sufficient warning to stop the unit
before the high particle concentration reaches the intake.

It is important to distinguish between the particle load in the river and the particle load in the
water that passes the turbine. At many sites, especially if there is a large reservoir, there can
be a significant difference between the two. This can in some cases make it necessary to
install two different sampling systems.

In the case where the concentration measurement system is based on discrete samples, and
not continuous monitoring, the issue of the time interval between two samples will soon arise.
Measurement intervals should be small enough to capture all the significant flufd@gesrinents
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concentration of particles with a minimum threshold of inaccuracy. The duration of the
sampling interval can be different in periods of high particle concentration and periods of low
concentration. A rule of thumb estimate of a reasonable sample interval is:

/C,

year

T, =0,01 x PL
As a practical example this formula could give the following sample intervals

max

e “High particle” period:

PLygqr = 2 352 kg x h/m3
Crnax = 26 kg/m3
then:

T, =0,01 x2352/26 =1 h for “high particle” period

e “Low particle” period:

PLygqr = 2 352 kg x h/m3
Crax = 0,05 kg/m3
then:

For practical reasons it is recommended to use the following\samplirig intervals; once per
hour, once per day, once per week, once ever ON k@nd ce per month. Select the

For the measurement of shape, hardness is recommended to take at least one
sample per month for the first year of{ op riation of the Ky srgness: Kshape and
Kise is less than 10 % the s doubied after the first year. If the variation

of the Khar'dness’.Kshapge a
soon as this variation is_d

e number of Nnezzles in operation (for Pelton units);

e water pressure on the head cover (for Francis units).This gives an indication of the
wear of the labyrinths.

It should be able to relate the above records to the records of particle concentration and

particle properties, so that it is possible, for example, to find out how much the unit output
was at a time when water with high particle concentration passed the site.

5 Abrasion resistant materials

5.1 Guidelines concerning relative abrasion resistance of materials including
abrasion resistant coatings

51.1 General

Annex F shows the results of several comparative abrasion tests on various mategials. Since
abrasion test results depend very much on the test setup, each test is presanted a muments
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comparison of abrasion resistance, the individual “wear resistance index”. In general, a higher
wear resistance index means that the material is more resistant against abrasion within the
same test. Note that wear resistance indices are not comparable between different tests.

Experience shows that abrasion tests give widely varying results depending on parameters
such as velocity, impact angle, composition, concentration and size of particles, etc. Also, the
relative wear resistance of different materials may vary under varying test conditions.
Therefore the wear resistance index and even the relative order of the materials, obtained in
different tests8, may vary. For this reason it is recommended to choose a test method that
resembles the conditions expected in a prototype as closely as possible. Also, experience
from actual applications in powerplants should be considered.

onsidered when

In addition to the wear resistance index several other factors should b
selecting an abrasion resistant coating, such as:

e how easy it is to apply the coating;

e how easy it is to remove and/or repair the coating;

ear resistance
ith a high wear

e how thick is the coating layer. A thick layer of a matexi
index may have longer lifetime than a very thin 14
resistance index.

51.2 Discussion and conclusions

thermal sprayed tungsten carbide held
types of polymer coatings/(sonetime

runners, where i
shows very good
variations in abrasi

These coatings are_thus primarily used on water passages in Francis and Kaplan turbines.
The variation of adhesion of polymer coatings to the base material is high and has to be high
enough not to peel off. There are less geometrical access restrictions compared to hard
coatings. Polymer coatings are relatively easy to repair.

Stainless steel facing plates or stainless steel overlay welds can also be considered a
coating. It is common to protect, for example, carbon steel head covers and bottom rings with
stainless steel at sensitive locations. Stainless steel has better abrasion resistance than
carbon steel, although it is far from the level of thermal spray or polymer coating. Abraded
stainless steel facing plates are also relatively easy and quick to replace. Martensitic stainless
steel (e.g. 13 % Cr, 4 % Ni) has, in general, better abrasion resistance than austenitic
stainless steel (e.g. 18 % Cr, 8 % Ni). Further improvement in abrasion resistance is achieved
by special hard overlay weld electrodes, such as Co-Cr-C alloys.

Other coating materials different from those reported in this clause have been applied to
hydro turbine components, but are less common.
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5.2 Guidelines concerning maintainability of abrasion resistant coating materials

5.21 Definition of terms used in this subclause

1) Overhaul: Restoration of entire part to the original geometry and quality level including
restoration of protective coating.

2) Repair: Local treatment of parts at worn areas to the following extent:
e Repair A: Improve hydraulic shape just by grinding
e Repair B: Restore hydraulic shape by welding and grinding

Repair C: Re-apply coating on prepared surface, after possible repair A or B.

5.2.2 Time between overhaul for protective coatings

Protective coatings that have been deposited onto part surfaces will a SO he subject to wear
but at a considerably lower rate than the underlying steel. After a 2 ari Qperation
the coating will be worn out and the underlylng steel will appear. Y i 1

Provided between

overhaul/repairs
e additi

e reduce

eConomical optimum interval
he overhaul/repair will result in

yearly PL value and the main characteristics of the turbine equipment.

Once the plant has been operated for some time a more refined estimate can be made
considering additional data such as:

e Former experience including inspection reports with pictures of damage after different
PL values.

e Continuous measurement of particle concentration and discharge for each turbine
during operation. This makes it possible to assess the part of PL actually “used” and
the time remaining before overhaul. The continuous measurement of the concentration
of particles can also trigger an alarm to stop the turbine if a predetermined
concentration is exceeded.

e The measurements of the pressure in the head cover to detect wear in the labyrinth
seals for Francis turbines.

e A very effective judgment of whether the abrasion of the guide apparatus h ﬁ@ ments
certain point, is the pressure differential across the main inlet valve aftar @ 3ﬁ
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bypass during startups. When the head losses through the bypass exceed the head
losses through the worn guide vane apparatus the pressure in the spiral case will drop
significantly. This drop in pressure will indicate that the guide vane apparatus has
been worn out to certain point. A reference pressure drop can be set beyond which
overhaul of the guide vane apparatus has to be undertaken. An example of how this
pressure differential develops over time for a high head Francis power plant is shown
in Figure 10, which shows the development of the spiral case pressure with closed
guide vanes and valve, but with open bypass line. Units 1, 2 and 3 have no coating
while units 4, 5 and 6 have guide vanes, head covers and bottom rings coated by
thermal spray. For increased accuracy, the flow in the bypass line can also be
measured.

50
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5.2.3

In order to achieve Ywest'quality it is recommended to execute overhauls and repairs in a
dedicated shop with the necessary equipment and the space for clean, safe and accurate
access to all areas of the part.

During short standstill periods in-situ repairs of types A and B may be envisaged in order to
extend the time between overhauls. In-situ repair means treating the part without withdrawing
it from the turbine. However, as shown in Table 2, in-situ repair of type C is not always
possible or recommended.

Table 2 — Overview over the feasibility for repair C

Coating type Feasibility Remarks

Hard coating Possible, but poor quality Poor bond strength on remaining coating. Poor operator
safety if manual spray in narrow spaces (e.g. in Francis).

Polymer coating Possible Clean and humidity controlled environment necessary to
achieve good quality.

Weld overlays Possible for easily Pre-heating may be required. No stress relief heat treatment

accessible locations possible and thus, for certain alloys, risk of cracki
Documents
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In-situ repairs of type B and C are particularly recommended for Pelton runners in order to
reduce unwanted flow turbulence due to abrasion induced shape changes of the cutting edge
and the inlet edges. In addition, a special challenge refers to in situ HVOF coating, which
might not be allowed in some countries.

6 Guidelines on insertions into specifications

6.1 General

This clause presents a recommended approach which owners could and should take to
ensure that specifications communicate the need for particular attention to different aspects
such as machine type, hydraulic design, mechanical design, etc. at thejr sites without

It is important to cle
turbine (which

and the correspo ¢
based on this data,
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Annex A
(informative)

PL calculation example

This annex gives an example of how to calculate PL. In order to illustrate the process we
consider only a short time duration and a small number of particle measurements.

Assume that we have a turbine that started operation on May 5 at 22 h and stopped on May
10 at 15 h. During this time 8 water samples were taken and analyzed for particle
concentration. One of the samples was in addition analyzed for parti and particle
hardness. The results were as shown in Table A.1.

Table A.1 — Example of documenting sample\tests

ID Date, Event Particle concentration Particle size, dl%\ acWrder than

Time 3 N hs number > 4,5
kg/m m x
%

0 May 5, Start - - -
22:00 turbine

1 May 6, Sample 4,5 N - i,
06:00 taken {\
2 May 6, Sample ,9 \_/

10:30 taken

3 May 7, Sample 47 \> ] ]
tak
04:30 AN Q

/‘\
4 May 7, mp N - )
16:30 aken (\
5 May 8, mple 8
08:00(\ taken
6 May 9, s }y@\ \;}4 0,069 73
01:00 AN\ tak
7 May 9, sample ] N/ 456 i ]
1;1./03\ ake

8 Ma 10, \C.tzkple L 4,9 ] ]
: /\% \\W | | _

VAN

15: urbine

The formula to calculate PL with discrete samples is:

N
PL = ch x Ksizen X Kshape,n * Khardness,n % Isn

n=1

where

Ch is the particle concentration in kg/m3 for each sample;

Ksize is the same numerical value as the median particle size, dP5g, in mm. Since only
one sample was analysed for particle size we use this value for all samples;

Kshape = 1,5;

Khardness is the same numerical value as the fraction of particles harder than Mohs 4,5.

For components in 13Cr4Ni stainless steel this will be the hardness of the steel
on the Mohs scale. Note that the value should be the fraction, not the number of

Documents

Document Sharing Hub

Full document details: IEC 62364 2013


http://www.avadocuments.com/doc/iec-62364-2013
http://www.avadocuments.com/doc/iec-62364-2013

N

— 38 -

62364 © IEC:2013

percent. Since only one sample was analyzed for particle hardness we use this
value for all samples;

is the time interval to consider for each sample. For n=1 we use the time from
turbine start until half the time between the first and second sample. Likewise,
for n=8 we use the time from half the time between the seventh and eigth sample
until turbine stop. For n=2 to n=7 we use the time from half the time between
samples (n-1) and » to half the time between samples n and (n+1);

is the number of samples = 8.

On the basis of this data we can now establish the following Table A.2.

Table A.2 — Example of documenting sample result

n ¢, Ksizen Kshape,n Ky ardness,n T, PL,
AN
1 45 0,069 1,5 0,73 /M08 Mg
2 4,9 0,069 15 0,73 N 1128 [\ W
3 47 0,069 1,5 073 < [D\15\ \ 533
4 4,1 0,069 1,5 073 13,75 \ 4,26
5 3.8 0,069 15 (o) 1625/ 4,67
6 44 0,069 15 L\ [ s 4,99
7 4,6 0,069 “5 AN 175 4,08
8 4,9 0,069 1,5 03 19,75 7,31
Total ( ~ \ 113 38,28
This shows that during of\operati his turbine was exposed to a PL =

38,28 kg x h/m3.

S

Full document details: IEC 62364 2013

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-62364-2013
http://www.avadocuments.com/doc/iec-62364-2013

62364 © IEC:2013 -39 -

Annex B
(informative)

Measuring and recording abrasion damages

B.1 Recording abrasion damage
The following is a guideline to measure the wear of the individual parts of machines.

The goal of this guideline is to get reliable results of the erosion rate of different power plants

each other. Based on this hydro-abrasive erosion damage, together : nts of the
particle load, the goal is to get reliable predictions of safe operatic i '
for the future.

for hydro-abrasive erosion damages.

In general, parts should be marked so that

For each component 3
with its disposal. The fp

e part num@

clearly identi

— extracted for standby,

— extracted for disposal,
- etc,,

e observations and measurements made during inspection, in accordance with the
following clauses.

In addition it should be possible to find the output of the unit for each hour of each day.

B.2 Pelton runner without coating

At first, photos of all buckets should be taken in such a way that both halves can be seen.
Camera position shall be in the centre of the bucket. Sketches of the erosion damages or any
other noticeable features like impact damages of stones should be made in parallel, marking
certain features on the bucket and photographing them.

Photographing Documents
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The bucket number has to be seen in every photo. In addition, the first bucket should have the
following information: project, hours, date of inspection.

At least four buckets, randomly selected, have to be examined as described below:

— Measure the bucket wear from original profile by using templates at minimum 5 points per
half bucket and at least 3 locations (front, middle back). The gap between runner and
template has to be measured and also a sketch of the section showing the measured
points should be made.

— While the template is being held in the bucket, photos should be taken so that the gap
between template and bucket can be seen and a ruler should be held in such a way that
the dimensions of the gap can also be seen. This should be at least done for one bucket,
e.g. the one with the highest erosion rate.

Additional
efeatures

— The splitter width on top has to be measured at the position of the
photos to show special features should also be taken with a rule
to see the dimensions.

B.3 Needle and mouth piece without coating

If possible a measurement of the leak
book.

B.5 Needle, seat ring and nozzle housing with coating
The procedure is the same as for uncoated runners with the following exceptions:

Measurement of areas where coating failed with a sketch, a depth measurement and photos
should be included. The transition from coated to uncoated areas should be photographed
and eventual height of steps as well as eventual width of gaps between the seat ring and
nozzle housing should be recorded in the log book.

B.6 Francis runner and stationary labyrinth without coating

The measurement of the erosion should be done as follows:
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1) the trailing edge thickness should be measured at 8 points equally spaced over the length
of the trailing edge. This should be recorded together with a sketch with exact location
descriptions;

2) the thickness at template points of at least 3 templates equally spaced over the trailing
edge with at least 3 points per template (2 templates near the transition to the band and
the crown) should be measured;

3) the thickness of the blade at the transition to the band at the entrance edge should be
measured.

At least three blades should be measured e.g. the most worn, the least worn and an average
blade.

In addition to the overview photos, photos of areas with erosion in addition to axsketch of the

v damages
have to be photographed. The transition area band-blade and the \bla band is

taken to see how it was measured. A description of the
given.

recorded in sketches.

The gap between the runner and
photographed.

B.7 Francis runne

The blade numb
following inform
electronically with a

The depth of the erdded areas on the blades should be measured and the maximum values
should be recorded. The method of the measurement (e.g. with curved ruler/template) should
be explained, if possible with a sketch. Photos of the measurements should also be included.
Detailed pictures where more information is gained may be added.

If the coating is gone at the trailing edge: see measurements for Francis without coating.

The gap between the runner and the bottom facing plate should be measured and
photographed.

B.8 Guide vanes and facing plates without coating
Overview photos and detail photos should be taken and their location indicated in a sketch.

If the damage is so high that no reference point exists anymore only plctureBdbijments

damages may to be taken.
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If a reference points still exists the abrasion measurements on facing plates (maximum)
consist of measuring the gaps between guide vanes and facing plates at minimum 4 vanes.

An additional indication of the abrasion damage to the guide vane apparatus consists of
measuring the spiral case pressure at standstill with closed guide vanes and MIV but open
MIV bypass valve. This should be measured as often as possible with the exact information
indicating the time and parameters when the measurement took place.

B.9 Guide vanes and facing plates with coating

Overview photos and detail photos should be taken and the location marked in a sketch. Each
guide vane should be photographed and all damages recorded together with a~sketch showing
the exact location and extent of each damage.

The depth of erosion for every case of damage should be measur
for each case recorded. The way of measuring should be explained

of a Francis runner.

Detailed pictures where more information is gained s

B.10 Kaplan uncoated

the trailing edge. This
descriptions.

Additionally the gaps’between the outer diameter of the blade and the discharge ring have to
be documented.

B.11 Kaplan coated

The blade number should be seen in every photo. In addition, the first blade should have the
following information: project, hours, date of inspection.

Depending on the size of the blades one or more pictures have to be taken to give an
overview of each blade. On every picture the number of the blade should be seen.

For all blades a sketch should be made of the areas with damaged coating where the location
of the damages and also the size of the areas are reported.

The depth of the eroded areas on the blades should be measured and the maxigym values
should be recorded. The method of the measurement (e.g. with curved ruler/templ Q%ments
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be explained, if possible with a sketch. Photos of the measurement should also be included.
Detailed pictures where more information is gained may be added.

If the coating is gone at the trailing edge: see measurements for Kaplan without coating.

Additionally the gap between the outer diameter of the blade and the discharge ring should be
documented.

B.12 Sample data sheets

The data sheets for recording abrasion damage shall necessarily be specifi
taking into account the specific design of the unit, the actual abrasig
measurements are easily accessible.

to each project,
pattern and what

If possible the records should directly show the abrasion depth of th ometimes
this is not possible since there is no convenient undamaged s erence to
measure from. In such cases other measurements can be taken fromwhijch sion depth

can be calculated with help from the turbine design dra
measurements should be included in the data sheets.

the abrasion depth and location in
recorded in such cases. It is normal
individual components.

Enclosed below,
turbine, see Ta
damage and compgQ

maximum abrasio
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B.13 Inspection record, runner blade inlet

62364 © IEC:2013

Table B.1 — Inspection record, runner blade inlet form

Plant

Unit Nb

Date

Sign

Dp

ub

Band

Band erosion depth, D,

Full document details: IEC 62364 2013
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B.14 Inspection record, runner blade outlet

Table B.2 — Inspection record, runner blade outlet form

Plant Unit Nb Date Sign
|
|
|
|
|
|
|
Blade Nb Thickness at hub( 7, | Thickness atyniddle, 7, | Thickness at band, T,
! I~ D
2 N ~ WV
’ N
‘N 2
5
D\ S
7\ N

NN

\

17

templates.

NOTE Template locations 7,, T, and T, can be taken at the same locations as existing runner blade
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