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Foreword

The United Nations Industrial Development Organization (UNIDO) is a specialized agency under the
United Nations system to promote globally inclusive and sustainable industrial development (ISID).
The relevance of ISID as an integrated approach to all three pillars of sustainable development is rec-
ognized by the 2030 Agenda for Sustainable Development and the related Sustainable Development
Goals (SDGs)., which will frame United Nations and country efforts towards sustainable
development in the next fifteen years. UNIDO’s mandate for ISID covers the need to support the cre-
ation of sustainable energy systems as energy is essential to economic and social development and to
improving quality of life. International concern and debate over energy have grown increasingly over
the past two decades, with the issues of poverty alleviation, environmental risks and climate change
now taking centre stage.

INSHP (International Network on Small Hydro Power) is an international coordinating and promoting
organization for the global development of small hydropower (SHP), which is established on the ba-
sis of voluntary participation of regional, subregional and national focal points, relevant institutions.
utilities and companies, and has social benefit as its major objective. INSHP aims at the promotion of
global SHP development through triangle technical and economic cooperation among developing
countries, developed countries and international organizations, in order to supply rural areas in de-
veloping countries with environmentally sound, affordable and adequate energy, which will lead to
the increase of employment opportunities, improvement of ecological environments, poverty allevi-

ation, improvement of local living and cultural standards and economic development.

UNIDO and INSHP have been cooperating on the World Small Hydropower Development Report since
year 2010. From the reports, SHP demand and development worldwide were not matched. One of the
development barriers in most countries is lack of technologies. UNIDO, in cooperation with INSHP,
through global expert cooperation, and based on successful development experiences. decided to
develop the SHP TGs to meet demand from Member States.

These TGs were drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see
www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of these TGs may be subject to pa-
tent rights. UNIDO and INSHP shall not be held responsible for identifying any such patent rights.
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Introduction

Small Hydropower (SHP) is increasingly recognized as an important renewable energy solution to the
challenge of electrifying remote rural areas. However, while most countries in Europe, North and
South America, and China have high degrees of installed capacity. the potential of SHP in many de-
veloping countries remains untapped and is hindered by a number of factors including the lack of

globally agreed good practices or standards for SHP development.

These Technical Guidelines for the Development of Small Hydropower Plants (TGs) will address the
current limitations of the regulations applied to technical guidelines for SHP Plants by applying the
expertise and best practices that exist across the globe. It is intended for countries to utilize these a-
greed upon Guidelines to support their current policy, technology and ecosystems. Countries that
have limited institutional and technical capacities. will be able to enhance their knowledge base in de-
veloping SHP plants, thereby attracting more investment in SHP projects, encouraging favourable
policies and subsequently assisting in economic development at a national level. These TGs will be
valuable for all countries, but especially allow for the sharing of experience and best practices be-

tween countries that have limited technical know-how.

The TGs can be used as the principles and basis for the planning, design, construction and manage-
ment of SHP plants up to 30 MW.

® The Terms and Definitions in the TGs specify the professional technical terms and definitions

commonly used for SHP Plants.

® The Design Guidelines provide guidelines for basic requirements, methodology and procedure in
terms of site selection, hydrology. geology. project layout, configurations, energy calculations.,
hydraulics. electromechanical equipment selection, construction., project cost estimates. eco-
nomic appraisal, financing, social and environmental assessments—with the ultimate goal of a-
chieving the best design solutions.

® The Units Guidelines specify the technical requirements on SHP turbines, generators, hydro tur-
bine governing systems, excitation systems, main valves as well as monitoring, control, pro-
tection and DC power supply systems.

® The Construction Guidelines can be used as the guiding technical documents for the construction
of SHP projects.

® The Management Guidelines provide technical guidance for the management, operation and main-

tenance, technical renovation and project acceptance of SHP projects.
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Technical Guidelines for the Development of Small Hydropower
Plants-Units
Part 1. Hydraulic Turbines

1 Scope

This Part of the Units Guidelines specifies the technical requirements, main component structure and
material requirements, the supply scope. spare parts, technical documents as well as the basic re-
quirements for inspection and acceptance, packing, transportation, storage. installation, testing,
commissioning, contractual performance testing, operation and maintenance for the small hydro-
power (SHP) hydraulic turbines.

This document is applicable to the hydraulic turbines under the following conditions:

a) The unit capacity is less than 10 MW

b) For Francis and Pelton turbines, the nominal runner diameter is less than 1.0 m;

¢) For axial-flow, diagonal and tubular turbines, the nominal runner diameter is less than 3.3 m.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) ap-
plies.

ISO 780, Packaging— Distribution packaging— Graphical symbols for handling and storage of packa-
ges

ISO 1940-1, Mechanical vibration— Balance quality requirements for rotors in a constant (rigid)
state—Part 1. Specification and verification of balance tolerances

ISO 10816-5. Mechanical vibration— Evaluation of machine vibration by measurements on non-rota-
ting parts—Part 5. Machine sets in hydraulic power generating and pumping plants

IEC 60193, Hydraulic turbine , storage pumps and pump-turbines—Model acceptance tests

IEC 60308, Hydraulic turbine— Testing of control systems
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IEC 60545, Guide for commissioning , operation and maintenance of hydraulic turbines

IEC 60609-1, Hydraulic turbines, storage pumps and pump-turbines— Cavitation pitting evaluation—
Part 1. Evaluation in reaction turbines , storage pumps and pump-turbines

IEC 60609-2, Cavitation pitting evaluation in hydraulic turbines , storage pumps and pump-turbines—
Part 2. Evaluation in Pelton turbine

IEC 60994, Guide for field measurement of vibrations and pulsations in hydraulic machines
(turbines , storage pumps and pump-turbine

IEC 61116, Electromechanical equipment guide for small hydroelectric installations
IEC TR 61364, Nomenclature for hydroelectric power plant machinery

IEC 62006, Hydraulic machines— Acceptance tests of small hydro turbines
CCH-70-3, Steel Castings for Hydraulic Machines

SHP/TG 001, Technical guidelines for the development of small hydropower plants— Terms and def-
initions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TR 61364 and SHP/TG 001
apply.

4 Service environment conditions

Operating condition for the hydraulic turbines specified as per this document is for general water
quality situations. When the water contains obvious chemically corrosive substances, sediment or
other solids, or the gas content exceeds the general water quality, it shall be separately determined
by the supplier and the user through mutual negotiation.

NOTE When the water contains a small amount of sediment or the wear strength is not high, it can be deemed to be

the general water quality.

5 Technical requirements

5.1 General requirements

5.1.1 The main parameters of the hydraulic turbines shall be selected in accordance with the basic
2
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parameters and characteristics of the hydropower stations for the design of the hydraulic turbines so
as to ensure that the turbines operate safely, reliably, stably and efficiently. The turbine runner se-
lected should undergo the model test and be accompanied by relatively complete test data; the tur-
bine prototype and the model efficiency conversion shall be carried out according to Appendices A
and B, and the correction by workmanship and for irregular parts shall be considered.

5.1.2 The structural design of the hydraulic turbine shall meet the arrangement requirement for the
powerhouse of the hydropower station, with consideration given to the relationship among the gen-
erator, governor and main valve, and shall be convenient for routine inspection and overhaul; the
transportation conditions shall comply with the actual situation of the hydropower station.

5.1.3 The safety margin shall be reserved for the calculation of the structural strength, and the
components of the turbine shall be free from any resonance and harmful deformation under various

working conditions including load rejection.

5.1.4 The passage components of the turbine shall comply with the prototype requirements of
IEC 60193.

5.1.5 The runner and the flywheel shall be subjected to the static balancing test and shall comply
with the requirements of grade G6.3 in the standard ISO 1940-1.

5.1.6 When the turbine is operating under various conditions, the maximum temperature of the
guide bearing metal shell lubricated by thin oil shall not exceed 70 C , and the maximum oil tempera-
ture shall not exceed 65 C; the maximum temperature of elastic metallic-plastic bearing shell shall
not exceed 55 C and the maximum oil temperature shall not exceed 50 C.

5.1.7 The highest point of the outlet section of the reaction turbine draft tube shall have a sub-
merged depth not less than 300 mm.

5.1.8 The components of the turbine and its accessories to be subject to pressure testing shall be
tested with the test pressure in the factory.

a) With regard to the strength hydrostatic test, the test pressure shall be 1.5 times the design
pressure (including the pressure rise) but the minimum pressure shall not be less than 0.4 MPa.
The test pressure shall be maintained for 15 minutes. The pressure parts shall be free from ab-
normal phenomena like harmful deformation and leakage. The hydrostatic tests for the metal spi-
ral case of the reaction turbine and the water distribution pipe of the impulse turbine may be car-
ried out according to the contract requirements;

b) With regard to the pressure-tight test, the test pressure shall be 1.25 times the actual working
pressure, the pressure shall be maintained for 30 minutes and there shall be no leakage;

¢) With regard to the leak test, the test pressure shall be the actual operating pressure, the pres-
3
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sure shall be maintained for 8 hours and there shall be no leakage;

d) The test pressure for the cooler should be 2 times the actual operating pressure but shall not be
less than 0.4 MPa. The pressure shall be maintained for 60 minutes and there shall be no leakage.

5.1.9 The automatic components and the hydro turbine governing system shall satisfy the start-up.
normal operation, normal shutdown and emergency shutdown requirements of the unit, and be fitted
with the necessary detection protector and signal transmitting devices to send signals or to shut
down the machine in a timely manner when the unit encounters an abnormal situation.

5.2 Operating stress and safety factor

5.2.1 The operating stress of all the components shall not exceed the allowable stress specified.
Under normal operating conditions. the stress on the cross-section calculated by the typical formula
shall not be more than the allowable stress specified in Table 1; under special operating conditions,
the stress on the cross-section calculated by the typical formula shall not be greater than 2/3 of the
yield limit of the material.

5.2.2 With regards to the parts and components subject to shearing and twisting moment, the max-
imum shearing stress shall not exceed 21 MPa for the cast iron, and shall not exceed 70% of the al-
lowable tensile stress for other ferrous metals. The maximum shearing stress of the spindle and the
guide vane stem shall not exceed 60% of the allowable stress.

5.2.3 When pre-stress is required. the parts like bolts, screws and connecting rods shall be subject
to the pre-stress treatment and the pre-stress of the parts shall not exceed 7/8 of the yield strength
of the material. The load of the bolts shall not be less than 2 times the design load of the connected

part.
Table 1 Allowable stress of the components under normal operating conditions
Unit: MPa
Allowable stress
Name of materials
Tensile stress Pressure stress
Grey pig iron U.T.S/10 70
Carbon cast steel and alloy cast steel U.T.S/5 or Y.S/3 U.T.S/5 or Y.S/3
Carbon steel forging Y.S/3 Y.S/3
Carbon steel plate for the main stressed
Uu.T.s/4 U.T.S/4

member
High strength steel plate for the heavil

9 9 P Y v.S/3 v.5/3
stressed member
Other materials U.T.S/5 or Y.S/3 U.T.S/5 or Y.S/3

NOTE 1 U.T.S refers to the ultimate tensile strength;
NOTE 2 Y.S refers to the yielding strength.
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5.2.4 With regard to the stress analysis results obtained with the finite element method, the local
stress value may exceed the aforesaid allowable stress value. Under normal operating conditions, the
maximum stress shall not exceed 2/3 of the yield strength of the material. Under special operating
conditions, the maximum stress shall not exceed the yield strength of the material.

5.2.5 The maximum stress on the components of the runner shall not exceed 1/5 of the yield limit
of the material when the runner blades of the Francis turbine and Kaplan turbine are operating nor-
mally under the expected maximum load conditions, and shall not exceed 2/5 of the yield limit of the
material at the maximum runaway speed. The maximum stress on the components of the runner shall
not exceed 1/18 of the yield limit of the material and the fatigue strength shall be checked when the

impulse runner is operating normally under the expected maximum load conditions.

5.2.6 The maximum combined stress S,.. of the spindle [see formula (1)] shall not exceed 1/4 of
the material’s yield limit.

Soax = (8% + 37’2)% B P G D)
where

S is the sum of the axial stress and the bending stress arising from the hydraulic power, dynamic
load and static load;

T is the twisting shearing stress under the maximum power of the hydraulic turbine.

The maximum stress that incorporates the maximum combined stress S... calculated by the formula
(1) and the stress concentration shall not exceed 2/5 of the yield limit of the material, and the twis-
ting shearing stress of the spindle shall not exceed 42 MPa at the maximum output of the hydraulic
turbine. The spindle of the tubular turbine with transverse shaft shall be subject to the fatigue
strength check.

5.3 General requirements for the structural design and materials

5.3.1 The structural design of the turbine shall be convenient for installation, maintenance and dis-
mantling. The damageable parts shall be convenient for inspection and replacement, and the main
structural components shall have sufficient strength and rigidity under all the expected conditions.
5.3.2 The structural design of the turbine shall ensure that the following parts could be replaced
when the main components like the generator rotor, stator, turbine runner and main shaft are not re-
moved:

a) Guide bearing shell/pads. cooler and the turbine shaft gland sealing element;

b) Sealing elements and piston rings of the turbine servomotor, the water distributor drive compo-

5
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nents and the protecting components of the reaction turbine; sealing elements for the Kaplan
turbine blades;

¢) Tail water bend, guide bearing shell and cooler, sealing element for the turbine shaft, water dis-

tributor drive component and the protecting components of the horizontal-shaft turbine;

d)> Nozzle and deflector of the impulse turbine.

5.3.3 The standard parts of the turbine shall be universal and the spare parts shall be exchangeable.

5.3.4 The water distributor of the reaction turbine shall be fitted with the guide vane fracture pro-
tector and the guide vane maximum opening limiter. The guide vane protector shall be able to auto-

matically send the alarm.

5.3.5 The axial clearance of the vertical turbine shall ensure that the rotating part could be lifted to

the expected height when the generator rotor is jacked up against the stator.

5.3.6 The head cover of the reaction turbine shall be fitted with reliable drainage facilities; the wa-

ter level control and signal devices used for drainage shall be reliable.

5.3.7 The turbine shall be fitted with the runaway prevention facility. The turbine can run continu-
ously for 5 min at the highest runaway speed. and the rotating parts of the turbine shall be free from

harmful deformation.

5.3.8 The top of the spiral case inlet section behind the main valve of the vertical turbine shall be

fitted with reliable automatic air compensation and discharge devices.

5.3.9 The man-door shall be set in the draft tube of the Francis turbine, the axial flow turbine, the
tubular turbine and the turbine with a runner diameter of 1.4 m or more; the diameter of the man-

door should not be less than 500 mm. The water test valve shall be set below the man-door.

5.3.10 The materials of the turbine components shall have good fatigue resistance, cavitation re-
sistance, wear resistance and corrosion resistance adaptive to the water quality conditions of the
hydro power station. The turbine runner and other cavitation-prone and wearing components shall be
made of cavitation resistant and anti-wearing materials or the necessary protective measures shall be
taken. When the protective measure of stainless steel overlaying is used, the thickness of the stain-

less steel after processing shall not be less than 2 mm.

5.3.11 The important welds of the main components of the turbine shall be subjected to 100% ul-
trasonic non-destructive flaw inspection; the components with high stress or the suspicious

positions may be reviewed by radiographic or ultrasonic diffraction inspection.
6
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5.4 Specific requirements for different types of hydraulic turbines

5.4.1 Francis turbine

5.4.1.1 The turbine runner shall have sufficient strength and rigidity, and the cast-weld structure
should be adopted; the blades may be cast or forged. The blade section should be processed by using
the numerical control method.

5.4.1.2 The number of runner blades shall be the same as in the model, the passage surface shall be
smooth and the profile of the runner surface shall be similar to the model.

5.4.1.3 The runner shall be made of materials with cavitation resistance. wearing resistance and
good welding performance. The runner may be all stainless steel or be assembled and welded with
the stainless steel blades and the alloy steel upper canopy and bottom ring.

5.4.1.4 The spiral case shall meet the following requirements:

a) If the transportation conditions permit, the bottom ring and the metal spiral case shall be welded
or cast into one integral part by the manufacturer and shall be transported to the hydro power
station as a whole. If the dimension of the metal spiral case exceeds the transportation require-
ment, it shall be divided into several sections. The sections shall be temporarily pre-assembled
on the manufacturer’s premises for matching and then transported in parts to the construction
site of the hydro power station for assembling. The anti-deformation measures shall be taken in
the transportation process.

b) The strength design of the metal spiral case of the turbine with the vertical shaft shall ensure
that the metal spiral case could bear the stress produced by the maximum pressure (including
the water hammer pressure) generated under the maximum water head without consideration
given to the combined stress of the concrete.

¢) The spiral case and the bottom ring of the turbine with horizontal shaft shall be welded (or cast)
into one integral part on the manufacturer’s premise, and the top shall be fitted with the air ex-

hausting device.

d) The passage surface of the assembled metal spiral case shall be smooth and shall be subject to
non-destructive flaw inspection or the hydraulic test according to the provisions.

5.4.1.5 The Francis turbine may be fitted with the natural air supply device for reducing vibration or
the forced air supply system shall be fitted.

5.4.2 Axial flow turbine

5.4.2.1 The runner blade section of the turbine should be machined by using the numerical control
7
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method; the number of blades shall be the same as in the model., the passage surface shall be smooth

and the profile of the runner surface shall be similar to the model.

5.4.2.2 The runner shall be made of the materials with cavitation resistance, wearing resistance and
good welding performance. The runner blade and chokes of the runner chamber should be made of
stainless steel.

5.4.2.3 The sealing elements for the runner blade of the movable propeller turbine should be made
of oil resistant and pressure-resistant material. The runner and the runner blade should be lifted with
special tools; the lifting holes should not be drilled on the blades.

5.4.2.4 The inner surface of the runner chamber of the propeller turbine shall be a spherical
structure or a semi-spherical structure; the runner chamber of the fixed blade propeller turbine unit
may be a cylindrical structure; the man-door shall be set on the appropriate position of the runner
chamber or the draft tube.

5.4.2.5 The operating mechanism of the runner blades shall be flexible. The combination device shall
be accurate and reliable. Water is prohibited from entering the runner hub oil-supply chamber through

the runner seal.

5.4.2.6 The fixed blade propeller turbine may be fitted with the natural air supply device for reduc-
ing vibration or the forced air supply system shall be provided.

5.4.2.7 The axial flow turbine shall be fitted with the protective measures against upward thrust.

5.4.3 Tubular turbine

5.4.3.1 When the runner is of cantilever construction, the influence of the shaft deflection shall be
taken into account.

5.4.3.2 The operating mechanism of the runner blades shall be flexible. The combination device shall
be accurate and reliable. Water is prohibited from entering the runner hub oil-supply chamber through
the runner seal.

5.4.3.3 The joining surfaces of inner and outer guide rings shall be applied with sealant or fitted
with sealing strips.

5.4.3.4 The creeping flange shall be set behind the runner chamber of the tubular turbine and the ex-
pansion length shall not be less than 10 mm.

5.4.3.5 Heavy-hammer runaway prevention protector shall be fitted for the bulb tubular turbine.

5.4.3.6 The manhole shall be established on the top of inlet pipe of the shaft-extension type tubular
turbine near the bulb body for installing, removing and maintaining the components in the bulb body.
8
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5.4.4 Pelton turbine and turgo turbine

5.4.4.1 The abrasion-prone positions and the needles, nozzles. deflectors and runner shall be made

of cavitation resistant and wearing resistant material.

5.4.4.2 The runner shall be designed employing the mono-block cast or cast-weld structure or solid
forging with the necessary thermal treatment and provisions for flaw detection. During the operation
period, the user shall periodically inspect the cracks on the water bucket. The first inspection of the
water bucket shall be done within 500 hours of operation.

5.4.4.3 Sound insulation or noise reduction measures shall be taken on the enclosure.

5.4.4.4 In the event of unit load rejection, the deflector shall automatically and rapidly deflect the

water so as to prevent the runaway of the unit.

5.4.4.5 The Pelton turbine may be fitted with the reverse brake nozzle according to the needs.

5.4.4.6 The discharging head and the aeration height shall meet the safe and stable operation re-

quirements of the turbine so as to prevent its efficiency from being influenced.

5.4.4.7 The enclosure shall have sufficient strength and rigidity, and have relatively good anti-vi-

bration performance.

5.4.4.8 The inlet pipe and nozzle assembly shall be subject to hydraulic testing.

5.4.5 Cross-flow turbine

5.4.5.1 The runner shall be safe and reliable, designed as per the fatigue strength, have sufficient

strength and rigidity and be free from cracks.

5.4.5.2 The gulp valve for adjusting the water level in the draft tube shall be installed on the rack.

5.4.5.3 If the water distributor is manually and electrically controlled, the reliable limit switch shall
be set. The electrical machine shall be fitted with the overload protector and the reliable manual/e-
lectrical switching device to ensure that the electrical machine could be switched off in manual oper-

ation mode.

5.4.5.4 The discharging head shall ensure that the turbine operates safely and stably and that its ef-

ficiency is not influenced.
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5.5 Hydraulic performance guarantee in the steady state

5.5.1 Power guarantee of the hydraulic turbine

The rated power of the hydraulic turbine under the rated water head and the power under maximum
water head, weighted average water head, minimum water head and other particular water head

shall be guaranteed.

5.5.2 Efficiency guarantee of the hydraulic turbine

The optimal efficiency of the hydraulic turbine, the weighted average efficiency within the scope of

the operating water heads and the efficiency at other particular operating points shall be guaranteed.

5.5.3 Maximum runaway speed guarantee of the hydraulic turbine

The maximum runaway speed of the turbine shall ensure:

a) The Francis turbine and the fixed blade propeller turbine shall take the runaway speed produced
under maximum water head and the maximum opening of the guide vanes; in particular cases,

this shall be agreed by the supplier and the user through negotiation;

b) The impulse turbine shall take the runaway speed produced under maximum water head and the

maximum opening of the nozzle;

¢) The Kaplan turbine shall take the maximum runaway speed produced within the scope of the op-
erating water heads under the coordinated operating conditions (on cam) of the guide vanes and
the runner blades of the turbine. Under special conditions, as agreed by both the supplier and the
demander, it can be considered that the maximum runaway speed can be ensured within the op-

eration water head range under the condition that the combined relationship is broken.

5.6 Guarantee of the cavitation, cavitation pitting and abrasion

5.6.1 The cavitation performance of the turbine shall be guaranteed.

5.6.2 The cavitation pitting damage guarantee of the reaction turbine shall meet the provisions of
IEC 60609-1 under the general water quality condition. The cavitation pitting damage guarantee of the
impulse turbine shall meet the provisions of IEC 60609-2 under the general water quality condition.
The operating records shall be kept by the user within the guarantee period. and shall at least contain
the data on water head, power, operating time and the corresponding tailwater level.

5.6.3 When the sediment concentration is relatively high in the passageway. the abrasion of the
10
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turbine components may be determined according to the flow rate through the unit, the sediment
concentration, sediment characteristics and operating conditions of the hydro power station, and a-
greed by the supplier and the user through negotiation.

5.7 Steady operation range of the hydraulic turbine

5.7.1 Under no-load condition, the turbine shall be able to operate stably.

5.7.2  Within the scope of the specified maximum and minimum water head, the turbine shall oper-

ate stably within the power range listed in Table 2.

Table 2 Guaranteed power scope

) ) Guaranteed power range of the unit under
Type of hydraulic turbine )
corresponding water head (%)

Francis turbine (45 to 100)
Fixed blade propeller turbine (75 to 100)
Kaplan turbine (35 to 100)
Impulse turbine (25 to 100)

NOTE For the Francis turbine. if excessive vibration occurs in the guaranteed operating range the suitable measures

shall be taken to prevent vibrations.

5.8 Vibration

5.8.1 Under the various operating conditions (including load shedding) ., the components of the tur-
bine shall not produce resonance or harmful deformation.

5.8.2 Within the guaranteed stable operating range. the vibration of the turbine shall be evaluated
in accordance with ISO 10816-5. The measurement method shall be subject to IEC 60994.

5.8.3 Under normal operating conditions, the relative vibration (runout) of the shaft shall not ex-

ceed 75% of the total clearance of the bearing.

5.8.4 The critical speed of the unit shaft-bearing system of the hydro turbine generator unit shall be
determined through calculation by the supplier of the turbine and the generator. The first-order criti-
cal speed of the unit shaft-bearing system shall not be less than 120% of the maximum runaway

speed.

5.9 Maximum transient speed and maximum/minimum transient pressure

When the unit is shedding load fully or partially, the pressure rise in the spiral case, the pressure re-
duction in the draft tube and the turbine speed rise shall not exceed the design values.
11
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5.10 Water leakage of the guide vanes or the nozzle

5.10.1 Under rated water head, the water leakage of the new cylindrical guide apparatus shall not be
greater than 3%. of the rated flow of the hydraulic turbine. The water leakage of the new tapered
guide apparatus shall not be greater than 4%. of the rated flow of the hydraulic turbine.

5.10.2 The new nozzle of the impulse turbine shall be free from water leakage when it is fully
closed.

5.11 Noise

When the turbine is running normally., the noise measured at the position 1 m away the floor of the
turbine pit shall not be more than 90 dB (A), the noise measured at the position 1T m away from the
man-door of the draft tube shall not be more than 95 dB (A), the noise measured at the position 1 m
away from the impulse turbine enclosure shall not be more than 90 dB (A) and the noise measured at
the position within a 1 m scope around the runner chamber of the tubular turbine shall not be more
than 90 dB (A).

5.12 Reliability index
Under the general water quality condition, the turbine shall have the following reliability indices:
a) The availability shall not be less than 99% ;

b) The average life of the turbine shall not be less than 35 years.

6 Supply scope and spare parts

6.1 Supply scope

6.1.1 Hydraulic turbine: From the flange disk connected to the generator shaft, including the run-
ner, turbine shaft, bearing, shaft seal, enclosure, stand ring (tubular seat), runner chamber, guide
apparatus, metal spiral case and inlet section, pit liner, draft tube cone, drainage installation and
other supporting equipment;

The turbine with horizontal shaft also shall include the inlet eloow, flange, flywheel and flywheel
guard and brake; the impulse turbine shall include the distribution pipe., enclosure, nozzle, needle,
needle travel mechanism and defector.

6.1.2 Pressure diversion equipment: The junction pipe from the tail end of the penstock of the

hydro power station to the spiral case inlet of the turbine, the adjuster of the steel pipe, its flange,

connecting bolts, expansion joint and the connecting flange of the expansion joint shall be
12
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determined by the supplier and the user through negotiation.

6.1.3 Hydraulic monitoring instrument and the automatic components: Including the instruments
and relevant panel cabinets for monitoring the pressure, temperature and vacuum of the turbine and
its auxiliary equipment during the operation; the differential pressure signal meter, liquid level signal
meter, liquid-flow annunciator or flow transmitter, temperature annunciator, hydraulic components,
pneumatic components on oil, air and water pipelines for satisfying the demands of automatic con-
trol; the remote annunciator, speed measuring device and various transmitters specified in the order
contract signed by the supplier and the user; and the connecting cables (to the terminal box of the
turbine pit) between the components in the turbine pit and the equipment. Specific automatic re-

quirements shall be decided by the supplier and the user through negotiation.

6.1.4 Pipelines and the fittings: The oil pipes, air pipes. water pipes. connectors and brackets be-
tween individual devices in the complete set of equipment. For the incomplete set of equipment of
the reaction turbine with vertical shaft, the pipelines and fittings shall be supplied to the first pair of
flanges or the servomotor flange of the equipment, and the flanges shall be provided in pairs. For the
incomplete set of equipment of the tubular turbine, the pipelines and fittings shall be supplied on the
position 1 m to the man-door or the servomotor flange of the turbine, and the flanges shall be pro-

vided in pairs.

6.1.5 Dedicated tools and special tools for installation and overhaul shall be provided.

6.2 Spare parts

The items and the quantity of spare parts for the turbine shall be subject to the provisions of Tables

C1, C2, C3 and C4 in Appendix C, or shall be regulated in the contract by both parties.

7 Technical documents

The supplier shall submit the necessary technical documents to the user, mainly including:

a) Arrangement diagrams of the turbine and its auxiliary equipment, the foundation drawing and
drawing of the embedded parts, the dimensions of the largest parts and the weight of the heavi-

est parts.

b) General assembly drawing of the turbine, single line drawing of the spiral case and the draft
tube, assembly drawing of the turbine components., and the arrangement diagram of the pipe-

lines of the turbine and its auxiliary equipment.

¢) Modelled combined characteristic curve and the performance curve of the turbine and the rela-
13
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tionship curve between the guide vane opening or the turn angle or the nozzle opening and the

servomotor stroke.
d) Drawings and data on the assembly and arrangement of the turbine and its auxiliary equipment.
e) Installation and layout diagrams of the control cabinets and automatic equipment for control and
monitoring including automatic the operation diagram of the turbine, oil, air and water system

diagrams, and the schedule of the turbine measuring instruments.

f) Installation, operation and maintenance manuals for the turbine and the auxiliary equipment., in-

spection and test reports, guarantee certificates and packing list.

8 Inspection and acceptance

8.1 Factory inspection and tests

8.1.1 The user may participate in the following inspections and tests in the manufacturing process

for the main components of the turbine:

a) Inspection and testing of the physical dimensions, runner blade profile, machining precision,

surface roughness and interchangeability of the main components;

b) The inspection of the alignment of the turbine shaft with the generator shaft after combined rea-
ming of the holes for the coupling bolts. The inspection of the alignment of the shafts shall be
implemented by the generator manufacturer if the turbine and the generator are manufactured by

different manufacturers;

¢) Assembly and static balance testing of the runner;

d) Hydraulic testing and seal test of the pressure-bearing members;

e) The important welds of the main components of the turbine shall be subjected to 100% ultrason-
ic non-destructive flaw inspection. The components with high stress or the suspicious positions

may be reviewed by radiographic inspection;

f) Inspection of the water passage components according to the prototype requirements of
IEC 60193;

@) Inspection of the pre-assembly of the guide apparatus of the reaction turbine and inspection of
the guide vane clearances;
14
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h) Hydrostatic test of the metal spiral case of the reaction turbine and the distribution pipes of the
impulse turbine; to be performed as required.

8.1.2 All the components of the turbine shall be inspected and/or tested according to the drawing
requirements. The qualified suppliers shall be evaluated for the procurement of the standard parts.

8.1.3 The flanged joint surfaces of the equipment shall be smooth and burr-free. The joint gap shall
be inspected with a 0.05 mm feeler gauge. and the gap shall not be passed through; there shall be no
gap around the assembling bolts and pins.

8.1.4 Attention shall be paid to the matching marks when assembling the components. When multi-
ple units are being installed, each unit shall be assembled with components having the marks of same
series. The components or measuring points of the same kind shall be numbered in the assembling re-
cord. With regard to the fixed components, the components shall be numbered clockwise (viewed
from the turbine generator’s terminal, similarly hereinafter) from +Y.

8.1.5 When the equipment container is subjected to the kerosene leakage test, it shall last at least
4 hrs and the container shall not leak. After the leakage test, the container should not usually be dis-
assembled again.

8.1.6 The components of the turbine shall be subjected to surface pre-treatment and painting pro-
tection in the supplier’s factory according to the requirements of the design drawing; the compo-
nents (including the welds applied on the construction site of the hydropower station) to be coated
with the finishing coat on the construction site of the hydro power station shall be painted according
to the design requirements; its coating shall be uniform and free from any bubbles and wrinkles, and
the colour shall be uniform.

8.1.7 The spiral case welding shall meet the following requirements:

a) The butt weld clearance between the different sections, and between the spiral case and the
stay ring shall usually be 2 mm to 4 mm, the overlapping of the flow-passing surface shall not
exceed 10% of the plate thickness; the maximum overlapping of the longitudinal joint shall not
be more than 2 mm and the maximum overlapping of the circumferential weld shall not be more
than 3 mm;

b) The length of the section with local clearance of the groove exceeding 5 mm shall not exceed
10% of the weld length, and it is allowed to treat it at the groove by overlaying;

¢) The weld appearance shall be inspected according to the provisions of Table 3.
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Table 3 Appearance inspection of the welds on the turbine spiral case  Unit: mm

No. Items Allowable defect dimension
1 Cracks Not allowed
2 Surface slag Not allowed
The depth shall not exceed 0.5, the continuous length shall not exceed 100
3 Undercut and the cumulative length of the undercut on both sides shall not be more
than 10% of the total weld length.
4 Incompletely filled weld Not allowed
5 Surface porosity Not allowed
Manual 01025
to 2.
Surplus welding
6 height of
seam Ah Submerged-arc 0104
welding
Manual The width of the groove shall be covered by 2 to 4 per side and the welds
Width . .
welding shall transmit smoothly.
7 of the
butt weld Submerged-arc The width of the groove shall be covered by 2 to 7 per side and the welds
welding shall transmit smoothly.
8 Splash To be cleaned completely
9 Overlap Not allowed

With regard to the spiral case which could not be subjected to hydraulic testing, the welds shall be

subjected to non-destructive testing including ultrasonic and radiographic tests.

8.1.8 The static balancing test of the runner shall meet the following requirements:

a

b

The static balance stand shall be concentric to the runner, the deviation shall not be more than

0.07 mm and the horizontal deviation of the support shall not be more than 0.02 mm/m;

When the steel ball, runner plate type balance method is used, the sensitivity of the static bal-

ance stand shall meet the requirements of Table 4.

Table 4 Distance from the sphere centre of the turbine runner to the centre of

gravity of the runner Unit: mm
Runner mass t/(kg) Maximum distance Minimum distance
t<<5 000 40 20
5 000=<<t<C10 000 50 30
10 000<< t<C50 000 60 40
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8.1.9 The operation test and the hydraulic test of the Kaplan turbine runner shall be carried out ac-

cording to the following requirements:

a) The quality of test oil shall meet the standard and the oil temperature shall not be less than 5 C ;

b) The maximum leakage test pressure shall be maintained for 16 hrs;

¢) During the test, the operating blade shall be opened and closed by full travel (2 to 3) times per

hour;

d) The shaft-runner joint shall not leak; the oil leakage limit of the single blade sealing device with

or without the test pressure imposed shall not exceed 5 mL/h;

e) The runner servomotor shall act stably; the minimum oil pressure for opening and closing shall

not usually exceed 15% of the rated operating pressure;

f)  The curve of the relationship between the runner servomotor travel and the blade rotating angle

shall be prepared.

8.1.10 The sealing clearances shall meet the requirements of Table 5, Table 6 and Table 7:

Table 5 Unilateral clearance between the Francis turbine runner and the heat cover and

bottom ring (Seal Ring), and between the axial flow turbine/bulb turbine blade and the

runner chamber Unit: mm
Clearance value
Runner diameter D,/(mm) Allowable
H<35/(m) 35<CH<.100/(m) H>100/(m)
Deviation Value
D,<.420 0.5 0.4 0.4 +0.1
420<<D,<.840 0.6 0.6 0.4 +0.1

Francis turbine

840<< D, =<1 200

(0.04—0.08) % D,

D,>1 200

(0.04—0.07) % D,

Axial flow turbine/

bulb turbine

D, <1 000

(0.08—0.135) % D,

1 000<<D, =<2 000

(0.07—0.125) % D,

D,>>2 000

(0.05—0.1) % D,

17
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Table 6 Total clearance (2A) between the turbine guide vane top/bottom and the

head cover and bottom ring Unit: mm
Runner diameter Clearance Value A
D1/ Cmm) be/D;>0.35 be/D;>0.25 bo/D;>0.2 be/D,>0.12 bo/D;=0.1
D, <420 0.20~0.50 0.15~0.35 0.10~0.28 0.06~0.22 0.05~0.20
420<<D, <840 0.25~0.60 0.18~0.45 0.12~0.35 0.08~0.28 0.06~0.23
D, >840 0.30~0.75 0.22~0.55 0.15~0.40 0.12~0.35 0.10~0.30

NOTE 1 If not listed in the table, the total clearance between the upper and lower end surfaces of the guide vane

NOTE 2 When the upper and lower end surfaces of the guide vane are fitted with the sealing device. they shall meet

may take (0.1 to 0.2) % of the guide vane height (bg).

the drawing requirement.

Table 7 Clearance of the vertical surface when the turbine guide vane is fully closed

Unit: mm

bo/ D, bo/D,2>0.35 0.356>by/D,>>0.2 bo/D,<<0.2

Allowable local clearance 0.15 0.10 0.08

NOTE 1 When the guide vane is closed fully. the local clearance no greater than the value given in the above table is

NOTE 2 When the vertical surface of the guide vane is fitted with the sealing device, its clearance shall not be more

NOTE 3 The allowable local clearance on the vertical surface of the tubular vane shall not exceed 0.25 mm maximum

acceptable within 1/4 of the guide vane height. When inspecting the rest section with a 0.05 mm feeler

gauge, the gauge shall not pass through the clearance.

than 0.15 mm and after the sealing strip is installed, there shall be no clearance on the vertical surface.

and its length shall not exceed 25% of the guide vane height.

8.1.11 Turbine guide bearing shell shall meet the following requirements:

a)

b

c)

d

The surface of the rubber bearing shell shall be level, free from cracks and uncoating defects;
the Babbitt metal bearing shell shall be free from porosity, cracks, hard spot and uncoating; the
roughness of the bearing shell surface shall be less than 0.8 um;

The rubber bearing shell and the metal cylindrical bearing shell shall be pre-assembled on the
shaft, and the total clearance shall meet the design requirement. Both the difference between
the maximum and minimum total clearances on each end and the difference between the total
clearance of the upper and lower ends on the same orientation shall not be more than 10% of the

measured average total clearance;
When the metal cylindrical bearing shell meets the requirements of a) and b), it may not be
ground further; whether the split bearing shell needs to be ground shall be determined according

to the design requirement;

After the bearing shell is ground, the contact of the bearing shell shall be uniform. There shall be

18
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at least (2 to 3) contact points per square centimetre; the local non-contact area per bearing
shell shall not be more than 5% per position, and the total surface area shall not exceed 15% of

the total surface area of the bearing shell.

8.1.12 The bearing shall meet the following requirements:

a) The bearing oil tank shall not leak oil, and shall be subjected to the kerosene leak test according
to 8.1.5;

b) The bearing cooler shall be subjected to hydraulic testing.

8.1.13 Before assembling, 0.05 MPa compressed air shall be fed into the air shroud ring for leak tes-
ting in the water, and the shroud ring shall not leak air.

8.1.14 When the impulse turbine is pre-assembled on the supplier’s premises., the deviation be-
tween the inlet centreline of the inlet pipe and the axis of the unit shall not be more than £0.2% of
the inlet diameter. The split enclosure shall meet the requirements of 8.1.3; the flanged joint surfaces
without seals or without gaskets shall be applied with the sealant. With regard to the vertical unit,
the elevations of the nozzle flanges on the enclosure shall be consistent, and the elevation difference
shall not be more than 1 mm; the flange perpendicularity shall not be more than 0.3 mm/m; the dis-

tance to the datum line of the coordinates of the unit shall meet the design requirement.

8.1.15 The nozzle and the servomotor of the impulse turbine shall be subjected to hydraulic testing
in the supplier’s factory. After the nozzle and the servomotor are assembled, the actions of the nee-
dle and the servomotor shall be smooth at 16% rated pressure. When the rated pressure oil is fed in-
to the closing cavity of the servomotor, there shall be no clearance between the needle head and the
nozzle exit. When the servomotor of the needle is the built-in servomotor, it is necessary to inspect
the oil leakage and the water leakage in the oil-water mixture discharge cavity; there shall be no leak-

age.

8.1.16 The assembling of the nozzles shall meet the following requirements:

a) The centreline of nozzle shall be at a tangent to the runner pitch circle, the radial error shall not
be more than £0.2% D, (D, is the pitch circle diameter of the runner). and the axial error of
the water jet and the bucket plane shall not be more than £0.5% W (W refers to the maximum
inside width of the water bucket); when the aforesaid error is less than £ 1 mm, it shall
take £1 mm;

b)> The deviation of the deflector centre and the nozzle centre shall not usually be more than 4 mm;

¢) The deviation of the compression length of the buffer spring from the design value shall not be
more than £1 mm;
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d) The synchronism deviation of the needle travel of the nozzles shall not be more than 2% of the
design travel;

e) The axial and radial deviation of the centreline of the reverse brake nozzle shall not be more than
5 mm.

8.2 Acceptance tests

The hydraulic performance acceptance test of the turbine shall meet the requirements of IEC 62006.
The full load operation duration should be continuous for 72 hrs. After the acceptance tests, the pre-
liminary acceptance certificates shall be signed by the user and the supplier, the commercial opera-
tion shall be launched and the performance guarantee period shall start from then. After the perform-

ance guarantee period of the turbine expires, and the technical guarantees satisfy the requirements in
the order contract signed by both parties, the final acceptance certificate shall be signed by the user.

9 Nameplate, packing, transportation and storage

9.1 Nameplate

9.1.1 The materials and engraving method of the nameplates shall ensure that its text is not obliter-
ated during the entire service period, and the following information shall be marked:

a) Name. model and product No.;

b) Maximum water head, rated water head and minimum water head;

¢) Rated flow;

d)> Maximum power and rated power;

e) Rated speed and runaway speed;

f)  Name of the manufacturer and date of production.

9.2 Packing and transportation

9.2.1 The turbine components and the spare parts within the supply scope shall pass the inspection
by the manufacturer before being delivered, and shall be accompanied by the relevant documents
proving the product compliance.

9.2.2 The packing size and weight of the turbine components shall satisfy the transportation condi-

tions from the supplier’s factory to the hydro power station.
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9.2.3 The packing and transportation of the turbine components and its auxiliary equipment shall
meet the provisions of ISO 780, and the rain-proof, damp-proof, vibration-proof, mould-proof, anti-
freezing and salt-spray resistance measures shall be taken according to the different requirements and
transportation modes of the equipment.

9.2.4 The packing case shall contain the product qualification certificate, technical documents and
drawings. The names and the quantities listed in the packing list shall be consistent with the material
objects in the case and the drawing number. The packing list shall be put into the antiseptic box
(bag) in the case.

9.3 Storage

9.3.1 The machined components of the turbine, and the spare parts and auxiliary equipment must
be properly kept, and shall not be stacked without permission.

9.3.2 The machined parts of the turbine shall be protected from dampness and rain. and shall not be
exposed to the sun and rain after they are delivered to the construction site of the hydro power sta-
tion and unpacked.

9.3.3 The rubber, plastic and nylon parts shall be protected from direct sunlight, and shall not be
placed at a place within a 1.5 m scope around the oven or other heating device. The rubber shall be
protected from being polluted by oils. The rubber products and the fillings shall be stored in a dry and
ventilated warehouse.

9.3.4 The electronic. electrical and automatic components (devices) or instruments shall be stored
in the warehouse with a temperature of —5 C to 40 C, relative humidity of no more than 90% . and
free from acid, alkali, salt or corrosive/explosive gases, electromagnetic field, dust and rain/snow
erosion.

9.3.5 The supplier shall guarantee that the products are free from corrosion, mildew-growing,
damages or accuracy reduction arising from improper packing under normal storage, transportation

and lifting conditions within one year from the date of delivery to the acceptance on the construction
site of the hydro power station.

10 Installation, operation and maintenance

10.1 Installation and commissioning

10.1.1  The installation and commissioning of the turbine shall comply with the requirements of
IEC 61116 and IEC 62006.

10.1.2 The sundry materials in the diversion system and the water conductor components of the
21



SHP/TG 003-1:2019

turbine shall be thoroughly cleaned to prevent the sundry materials from damaging the turbine before
the water is filled into the diversion system of the hydro power station for the first time.

10.1.3 Before commissioning, the oil system shall be cleaned repeatedly with the oil, and then
filled with the new oil specified by the design for the commissioning.

10.2 Operation and maintenance

The operation of the turbine shall comply with the provisions of IEC 60545 and the operation and ma-

intenance manual provided by the supplier.

11 Quality guarantee period

Under the premise that the product is stored. installed and used properly. the product quality guar-
antee period shall be one year after the date on which the 72-hour trial operation is completed, or
two years after the delivery date of the last batch of goods, whichever comes earlier. If the equip-
ment gets damaged or is unable to function properly due to the manufacturing quality during the qual-
ity guarantee period, the supplier shall repair or replace it free of charge.
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Appendix A
(Normative)
Reaction turbine efficiency step-up formula

A.1 Method 1:
Francis type:

AN =K X (1 = M) X {1 — (D,./D,)°? J e CALT )
Axial-flow type:
AN =K X (1= N X | 0.7 = 0.7(Dn/Dp)%% x (Hn/HO" | weeeeeees (A2)
where

Nmax 1S the optimum efficiency of the model turbine;

K is the coefficient, K= 0.5~0.7 (minimum value for the renovation unit; maximum value for
the new unit) ;

D., is the nominal diameter of the model turbine wheel, in m;

D, is the nominal diameter of the prototype turbine wheel, in m;
H. s the test head of the model turbine, in m;

H, is the water head of the prototype turbine, in m.

A.2 Method 2.

Reaction turbine efficiency step-up formula recommended by IEC 60193

Reuref 016 Reuref 016
A = 6re - — D N A W
U f ':(Reum j Reup ( )

1T — Nhoptm

( Reuref ]0'16 + 1- Vref
Reuoptm Vref

Ot = R V- W- 1)

where

An, is the modification value for the model efficiency being converted to the prototype efficiency;
23



SHP/TG 003-1:2019

8 et is the modification value for the nominal value being converted to the prototype efficiency;

R cures is the standard Reynolds number;

Reum is the count point model Reynolds number;

R e is the count point prototype Reynolds number;

Rewopm  is the model optimal efficiency point Reynolds number;

M hoptm is the model optimal efficiency;

V e is the standard loss distribution coefficient (0.8 for the axial-flow Kaplan turbine, Deriaz
turbine, and tubular Kaplan turbine; 0.7 for the Francis turbine, fixed blade propeller tur-
bine, Kaplan propeller turbine, fixed blade of the Deriaz turbine, and the tubular fixed blade
propeller turbine).

A.3 Method 3.

The following formula is recommended for the existing model test curves and the model test data

marked with the Reynolds number and the water temperature:

where

Vi

R 0.16
Ann =1 = Mooprm) X Vi X {1 — (Re“mj } NG X D)
eup

Vo = Vo = Vier crvrerreneeesnenn ( AB )

Rewm = Rewer =7 X 10° B N . WA

is the model loss distribution coefficient (0.8 for the axial-flow Kaplan turbine, Deriaz turbine,

and tubular Kaplan turbine; 0.7 for the Francis fixed blade propeller turbine, propeller turbine,

fixed blade of Deriaz turbine, and the tubular fixed blade propeller turbine) ;

V.um is the oss distribution coefficient of the model optimal efficiency point.
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Appendix B
(Normative)
Efficiency step-up formula of the impulse type turbine

Anh = Nhp = Nim = AnFr + Anwe + AnRe P G - A D)
Cue — 1 (Cre — 1?2
ANy =N — Nm =57 X @3 X (1= C%) +1.95x 107° X 1078 x
B B
cereieeneens (B2
4Q
D > ~(B3)

T Zo x wx (2g,H,) " x B

% % %
Ce = Foo = (ngHpj X (ij X (gm] cervseiisniineena ( B4 )

Fm gm X Hn B, [
Cuwo = “//VV:: = [j: : Z;j% X (5:)4 X (5:])% X (Z:})% NG - 1)
Cro = RR:: = (5’:::;) : X %: X ))%‘ B NG -1 D

where
®s is the discharge coefficient;
Q, is the prototype flow, in m®/s;
Z, is the number of nozzles;
g, is the field acceleration of gravity for the power station;
dm is the lab acceleration of gravity;
H, is the prototype water head, in m;
H.. is the prototype test water head, in m;
B, is the prototype bucket width, in m;
B.. is the model bucket width, in m;
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Pp

Prm

Yo

Ym

is the density of the water when the prototype runs, in kg/m®;

is the density of the water during the test, in kg/m?;

is the surface tension of the water when the prototype runs, in J * m?;

is the surface tension of the water during the test, in J + m?;

is the viscosity coefficient of the water when the prototype runs, in m?/s;

is the viscosity coefficient of the water during the test, in m?/s.

Table B.1 Surface tension of the water at different temperatures
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Temperature Surface tension
6 g’
C J+m?
5 0.074 9
10 0.074 2
15 0.073 5
20 0.072 8
25 0.072 0
30 0.071 2
35 0.069 6
Any,
0.015

0.010
A, =5.T+ @2 (1-C,0%)

0. 005

W

SN

0. 000

\ @B=0. 04
\\
_0' 005 (pB:O. 07 ‘\
\\
-0. 010 ®,=0. 10
g \
@,=0.12
-0.015
\\
-0. 020
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 C,=Fp/Fn

Figure B.1 Effects of the Froude number
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Figure B.2 Effects of the Weber number
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Figure B.3 Effects of the Reynolds number
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Appendix C

(Normative)

List of spare parts for the hydraulic turbine

Table C.1 Spare parts for the Francis turbine Unit: set
Quantity
No. Name of the spare part 1—2 3—4 | Over5 Remarks
Units Units Units
Upper, middle and lower journal bushes of
1 ) 1/2 1 2
the guide vanes
2 Seal ring of the guide vanes One set per turbine
3 Split key of the guide vanes 1/3 1/2 1
4 Shear pin of the guide vanes (breaking bolt) 1/2 1 2
5 Connecting link bushes of the guide vane 1/4 1/2 1
Sealing element for the operating seal of the ]
6 ) One set per turbine
turbine shaft
Sealing element for the maintenance seal of )
7 ) One set per turbine
the turbine shaft
8 Servomotor piston ring or piston sealing el- ] ] )
ement
9 Seal ring for fixing the servomotor 1 1 2
10 | Springs 1 1 2
11 Turbine guide bearing shell 1 1 2
) Only limited to the horizontal
12 | Thrust bearing shell 1 1 2 )
type unit
Only limited to the horizontal
13 | Brake block 1 1 2 )
type unit
Table C.2 Spare parts for the axial flow turbine Unit: set
Quantity
No. Name of the spare part 1—2 3—4 | Over 5 Remarks
Units Units Units
Upper, middle and lower journal bushings of
1 ) 1/2 1 2
the guide vanes
2 Seal ring of the guide vanes One set per turbine
3 Split key of the guide vanes 1/3 1/2 1
4 Shear pin of the guide vanes (breaking bolt) 1/2 1 2
5 Connecting link bushings of the guide vane 1/4 1/2 1

28



SHP/TG 003-1:2019

Table C.2 (continued) Unit: set
Quantity
No. Name of the spare part 1—2 3—4 | Over 5 Remarks
Units Units Units
Sealing element for the operating seal of the )
6 i One set per turbine
turbine shaft
Sealing element for the maintenance seal of )
7 ) One set per turbine
the turbine shaft
8 Servomotor piston ring or piston sealing el- 1 1 )
ement
9 Seal ring for the fixing of the servomotor 1 1 2
10 Springs 1 1 2
11 Seal for the runner blades One set per turbine
12 | Shaft sleeve of the receptacle 2 2 3
13 Floating bearing shell of receptacle 2 2 3
Table C.3 Spare parts for the tubular turbine Unit: set
Quantity
No. Name of the spare part 1—2 3—4 | Over5 Remarks
Units Units Units
Upper and lower journal bushings of the
1 _ 1/2 1 2
guide vane
2 Seal ring of the guide vane One set per turbine
3 Split key of the guide vane 1/3 1/2 1
4 Protector of the guide vane 1/2 1 2
5 Connecting link bushes of the guide vane 1/4 1/2 1
Sealing element for the operating seal of the )
6 One set per turbine
turbine shaft
Sealing element for the maintenance seal of ]
7 ) One set per turbine
the turbine shaft
Servomotor piston ring or piston sealing el-
8 1 set 1 set 2 sets
ement
9 Seal ring for the fixing of the servomotor 1 1 2
10 | Springs 1 1 2
11 Seal ring for the runner blade One set per turbine
12 | Shaft sleeve of the receptacle 2 2 3
13 Floating bearing shell of the receptacle 2 2 3
14 | Turbine Guide bearing shell 1 1 2
15 Thrust bearing shell 1 1 2 Only limited to the bulb turbine unit
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Table C.4 Spare parts for the impulse turbine Unit: set
Quantity
No. Name of the spare part 1—2 3—4 | Over5 Remarks
Units Units Units

1 Sealing element of the needle rod One set per turbine

2 Backing ring of the nozzle One set per turbine

3 Shaft sleeve of the needle rod 1 2 3

4 Servomotor piston ring or piston sealing el- One set per turbine

ement

5 Seal ring for the fixing of the servomotor One set per turbine

6 Deflector blade 1

7 Guide bearing shell or anti-friction bearing 1
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