UNIDO UNITED NATIONS
\¥/F INDUSTRIAL DEVELOPMENT ORGANIZATION

Technical Guidelines for the
Development of Small Hydropower Plants

UNITS

Part 4: Excitation System

SHP/TG 003-4: 2019




DISCLAIMER

This document has been produced without formal United Nations editing. The designations and the presentation of the material in this
document do notimply the expression of any opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area of its authorities, or concerning the delimitation
of its frontiers or boundaries, or its economic system or degree of development. Designations such as “developed”, “industrialized” and
“developing” are intended for statistical convenience and do not necessarily express a judgement about the stage reached by a particular
country or area in the development process. Mention of company names or commercial products does not constitute an endorsement by
UNIDO. Although great care has been taken to maintain the accuracy of information herein, neither UNIDO nor its Member States assume
any responsibility for consequences which may arise from the use of the material. This document may be freely quoted or reprinted but
acknowledgement is requested.

© 2019 UNIDO / INSHP- All rights reserved



Technical Guidelines for the

Development of Small Hydropower Plants
UNITS

Part 4: Excitation System

SHP/TG 003-4: 2019



ACKNOWLEDGEMENTS

The technical guidelines (TGs) are the result of a collaborative effort between the United Nations Industrial Development
Organization (UNIDO) and the International Network on Small Hydro Power (INSHP). About 80 international experts and 40
international agencies were involved in the document’s preparation and peer review, and they provided concrete comments

and suggestions to make the TGs professional and applicable.

UNIDO and the INSHP highly appreciate the contributions provided during the development of these guidelines and in

particular those delivered by the following international organizations:
- The Common Market for Eastern and Southern Africa(COMESA)

- The Global Network of Regional Sustainable Energy Centres (GN-SEC), particularly the ECOWAS Centre for Renewable
Energy and Energy Efficiency (ECREEE), the East African Centre for Renewable Energy and Energy Efficiency (EACREEE),
the Pacific Centre for Renewable Energy and Energy Efficiency (PCREEE) and the Caribbean Centre for Renewable Energy
and Energy Efficiency (CCREEE).

The Chinese government has facilitated the finalization of these guidelines and was of great importance to its completion.

The development of these guidelines benefited greatly from the valuable inputs, review and constructive comments as well as
contributions received from Mr. Adnan Ahmed Shawky Atwa, Mr. Adoyi John Ochigbo, Mr. Arun Kumar, Mr. Atul Sarthak, Mr.
Bassey Edet Nkposong, Mr. Bernardo Calzadilla-Sarmiento, Ms. Chang Fangyuan, Mr. Chen Changjun, Ms. Chen Hongying , Mr.
Chen Xiaodong, Ms. Chen Yan, Ms. Chen Yueqing, Ms. Cheng Xialei, Ms. Chileshe Kapaya Matantilo, Ms. Chileshe Mpundu
Kapwepwe, Mr. Deogratias Kamweya, Mr. Dolwin Khan, Mr. Dong Guofeng, Mr. Ejaz Hussain Butt, Ms. Eva Kremere, Ms. Fang
Lin, Mr. Fu Liangliang, Mr. Garaio Donald Gafiye, Mr. Guei Guillaume Fulbert Kouhie, Mr. Guo Chenguang, Mr. Guo Hongyou,
Mr. Harold John Annegam, Ms. Hou ling, Mr. Hu Jianwei, Ms. Hu Xiaobo, Mr. Hu Yunchu, Mr. Huang Haiyang, Mr. Huang
Zhengmin, Ms. Januka Gyawali, Mr. Jiang Songkun, Mr. K. M. Dharesan Unnithan, Mr. Kipyego Cheluget, Mr. Kolade Esan, Mr.
Lamyser Castellanos Rigoberto, Mr. Li Zhiwu, Ms. Li Hui, Mr. Li Xiaoyong, Ms. Li Jingjing, Ms. Li Sa, Mr. Li Zhenggui, Ms. Liang
Hong, Mr. Liang Yong, Mr. Lin Xuxin, Mr. Liu Deyou, Mr. Liu Heng, Mr. Louis Philippe Jacques Tavernier, Ms. Lu Xiaoyan, Mr. Lv
Jianping, Mr. Manuel Mattiat, Mr. Martin Lugmayr, Mr. Mohamedain SeifElnasr, Mr. Mundia Simainga, Mr. Mukayi Musarurwa,
Mr. Olumide TaiwoAlade, Mr. Ou Chuangji, Ms. Pan Meiting, Mr. Pan Weiping, Mr. Ralf Steffen Kaeser, Mr. Rudolf Hiipfl, Mr. Rui
Jun, Mr. Rao Dayi, Mr. Sandeep Kher, Mr. Sergio Armando Trelles Jasso, Mr. Sindiso Ngwenga, Mr. Sidney Kilmete, Ms. Sitraka
Zarasoa Rakotomahefa, Mr. Shang Zhihong, Mr. Shen Cunke, Mr. Shi Rongqing, Ms. Sanja Komadina, Mr. Tareqemtairah, Mr.
Tokihiko Fujimoto, Mr. Tovoniaina Ramanantsoa Andriampaniry, Mr. Tan Xiangqing, Mr. Tong Leyi, Mr. Wang Xinliang, Mr.
Wang Fuyun, Mr. Wang Baoluo, Mr. Wei Jianghui, Mr. Wu Cong, Ms. Xie Lihua, Mr. Xiong Jie, Ms. Xu Jie, Ms. Xu Xiaoyan, Mr. Xu
Wei, Mr. Yohane Mukabe, Mr. Yan Wenjiao, Mr. Yang Weijun, Ms. Yan Li, Mr. Yao Shenghong, Mr. Zeng Jingnian, Mr. Zhao
Guojun, Mr. Zhang Min, Mr. Zhang Liansheng, Mr. Zhang Zhenzhong, Mr. Zhang Xiaowen, Ms. Zhang Yingnan, Mr. Zheng Liang,
Mr. Mr. Zheng Yu, Mr. Zhou Shuhua, Ms. Zhu Mingjuan.

Further recommendations and suggestions for application for the update would be highly welcome.



SHP/TG 003-4.2019

Table of Contents

Foreword cesecscsssennne

H =

Introduction

1 Scope

2 Normative references

3 Terms and definitions

4 Service conditions €06 666 066 000 000 000 000 000 00 S0 e S es EEe EEe P e e0E 00 Se0 S ee S ee S ee Eee EEe 0 s eee e0eees ees seeses ses tee
4.1 Environmental conditions ----
4.2 Power supply conditions
4.3 Other conditions -------

5 TeChNiCal reqUITEMENTS «««««eses s eesantantatt ittt it ittt e seeses see eet et ett et et b e s e e
5.1 Performance requirements
5.2 System fUNCLION reqUIrEMENTS ««s«sssssssarearetrettt ittt et ss s see e e et cen et
5.3 Other technical requirements

(o2}

Supply scope and spare parts
6.1 Supply scope

© O© O 0 OO W W W W N NN - -

6.2 Spare parts

~
©

TeChnical dOCUmentS 066 066 606 660 6000606008600 6006 8660 0660 600 800606606060 606 6060600600600 060666606660 660006000000080 080000
8 TeStS €66 066 00 000 000 000 000 000 800 80 s e e P8 B P eEE 00 S e0 S ee S ee S ee Eee PEe 0 e e0E e0e eee ees See eee ees ees et e eseeseees see
8’| De”\/ery 0= 1) SRR R T R T R T IR LT TR PR PP PP R PR YRR
8.2 Site tests

S it U ¥
o O O O

©
—_
—_

Nameplate, packing, transportation and storage

—_
—_

9.2 Packing
9.3 Transportation
9.4 Storage

’Io |n5ta”ati0na Operation and maintenance €66 660 606 600 000000000 0006000006 06000600 0600 0600606600 000000008000000080 000

- o
N NN DN -

10.1 Installation

-
N

10.2 Operation and maintenance

—_
w

11 Quality guarantee period

—
N

Appendix A (Informative) Inspection and site acceptance test «-reteeeeesrereeereteiiiniiiiiiiiiiiae.



SHP/TG 003-4.2019

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 4. Excitation System

1 Scope

This Part of the Units Guidelines specifies the technical requirements as well as the basic require-
ments for the supply scope. spare parts, technical documents, inspection and acceptance, packing.,
transportation, storage, installation, operation and maintenance for the small hydropower (SHP) ex-
citation system.

This Document applies to the synchronous machine excitation system.
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

IEEE Std 421.1, Standard Definitions for Excitation Systems for Synchronous Machines

IEEE Std 421.2, IEEE Guide for Identification, Testing, and Evaluation of the Dynamic Performance
of Excitation Control Systems

IEEE Std 421.3. High potential test requirements for excitation systems for synchronous machines
IEEE 421.4, IEEE Guide for the preparation of excitation system specifications

IEEE Std 421.5, IEEE Recommended Practice for Excitation System Models for Power System Stabil-
ity Studies

IEC 60034-16, Excitation Systems for Synchronous Machines
IEC 60529, Classification of Degrees of Protection Provided by Enclosures

SHP/TG 001, Technical guidelines for the development of small hydropower plants-Terms and defi-
nitions
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEEE Std 421.1, |EEE Std 421.2,
IEEE Std 421.5, IEC 60034-16, IEC 60529, SHP/TG 001 apply.

4 Service conditions

4.1 Environmental conditions

4.1.1 The equipment shall be installed indoors or in weather-protected locations. shall be used in
the environment with clean air and without explosive risk; and there shall be no gas or conductive
dust which could corrode the metal and damage the insulation in the ambient air.

4.1.2 The altitude shall not exceed 2 500 m. When the equipment is used in places with an altitude
over 2 500 m, the reduction of the dielectric properties and the decrease of the air cooling effect
shall be considered, hence the user shall negotiate with the supplier.

4.1.3 The ambient temperature for the excitation equipment shall be:

a) The indoor ambient temperature shall be —5 C to 40 C;

b) The storage temperature shall be —15 C to 40 C;

¢c) The daily average value of the ambient temperature shall not be higher than 35 C.

NOTE |If the indoor ambient temperature exceeds the aforesaid range. the user shall declare this to or negotiate with
the supplier.

4.1.4 The monthly average maximum relative humidity of the service site shall not be higher than
90% (without condensation) in the wettest month, meanwhile the monthly average minimum tem-
perature shall not be higher than 25 C in the same month.

4.1.5 Dustproof measures shall be considered for the system equipment according to the different
installation sites; temporary protection measures shall be taken especially at the initial stage of the
construction and when the local control unit is put into operation in phases. The reference values for
the dust parameters on the service site of the equipment shall be that the quantity of dust with grain
size bigger than 0.5 u shall be less than 18 000 grains/L.

4.1.6 The system equipment shall be able to bear the following vibration:

a) The acceleration shall not be more than 10 m/s?when the vibration frequency is in the range of
2
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10 Hz to 500 Hz;

b) Special considerations shall be given for the equipment structure when the equipment is used in
earthquake-prone regions.

4.2 Power supply conditions
Within the following power supply voltage and frequency range, the static rectifier excitation
system and devices shall be able to ensure that the generator could operate continuously and stably

fora long term under the rated working conditions;

a) For AC 380(415)/220 V system, the allowable deviation of the voltage shall be —15% to +10%

of the rated value and the allowable deviation of the frequency shall be +10% ;

b) For the DC 220/110 V system, the allowable deviation of the voltage shall be —15% to +10%

of the rated value.
4.3 Other conditions

Other special service conditions shall be determined by the supplier and the user through negotiation.

5 Technical requirements

5.1 Performance requirements

5.1.1 When the field voltage and current of the generator are not greater than 110% of its rated

field voltage and current, the excitation system shall be able to operate continuously.

5.1.2 The field forcing voltage and current amplification of the excitation system shall be

considered as per the following situation:

a) For the unit with a capacity less than 5 MW or the brushless excitation system. it should not be

less than 1.5;

b) For the excitation system of the unit with a capacity of 5 MW to 10 MW, it should not be less
than 1.8;

¢) The special requirements, if any, shall be determined by the supplier and the user through nego-

tiation.

5.1.3 The allowable field forcing shall not be less than for 10 s. duration nor more than for 50 s. du-

ration.
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5.1.4 With regard to the voltage response time of the excitation system, the rise time shall not be
more than 0.1 s and the drop time shall not be more than 0.15 s.

5.1.5 The excitation system shall ensure that the regulation accuracy of the terminal voltage of the
generator is higher than 1% (for the unit with a capacity more than 5 MW), +2.5% (for the unit
with a capacity of 0.5 MW to 5 MW) or £5% (for the unit with a capacity less than 0.5 MW).
5.1.6 The excitation system shall ensure that the voltage regulation setting of the generator termi-
nals is * 10% . the range is not more than 1% and the regulation characteristic has favourable
linearity.

5.1.7 The excitation system shall ensure that the allowable variation of the generator voltage is
+0.5% of the rated value whenever the frequency value changes by 1% under the no-load operation

condition of the generator.

5.1.8 The excitation regulator shall ensure that the voltage could be stably and smoothly regulated
within the range of 30% to 110% of the no-load voltage.

5.1.9 The variation rate of the voltage pre-set value shall not be higher than (1% Uy)/s nor lower
than (0.3% Uy)/s.

5.1.10 Transient voltage regulation ratio and voltage recovery time of the excitation system shall
meet the following requirements (Low-voltage units: the rated voltage of the generator is 690 V and

below; High-voltage units: the rated voltage of the generator is more than 690 V) .

a) Sudden load rejection: The transient voltage amplification (overshoot) under the sudden rejec-

tion rated load of the turbine generator at the rated power factor is that:

1) 20% for the low-voltage units;

2) Not more than 15% of the rated value for the high-voltage units;

3) The frequency of oscillation shall not be more than three times;

4) The regulation time shall not be more than 5 s;

b) Sudden load increase: When the rated reactive load is suddenly applied to the turbine generator,

the transient voltage is that:

1) —20% of the rated value for the low-voltage units;

2) —15% of the rated value for the high-voltage units;
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¢) The voltage recovery time after the sudden load changes shall correspond to two types of transi-
ent voltage increase or decrease as specified in a) and b) and shall not be more than 1.5 s and
2.5 s respectively;

d) Step response: When the high-voltage generator is under no-load condition and the step re-
sponse is £10% , the voltage overshoot shall not be more than 50% of the step amount, the
oscillation shall not be more than twice and the regulation time shall not be more than 3 s;

e) Voltage build-up from zero: If the excitation system is suddenly put into operation so that the
terminal voltage of the turbine generator rises up from zero to the rated value when the turbine
generator is operating under the no-load condition and the rotation speed is within the range of
(0.95 to 1.05) of the rated speed, the voltage overshoot shall not be more than 10% of the ra-
ted voltage, the frequency of oscillation shall not be more than three times and the regulation
time shall not be more than 5 s.

5.1.11 The excitation system shall be able to function properly under the following power supply
conditions:

a) Voltage range: The excitation system shall be able to maintain normal functioning when the fluc-
tuation range of the AC operating power supply voltage of the excitation system is 70% to
130% within a short time (not exceeding the duration of the field forcing) ; the standby operat-
ing power supply shall be used to ensure that the aforesaid requirement is met when the operat-
ing voltage fluctuation exceeds the aforesaid range;

b) Frequency range: The excitation system shall be able to maintain normal functioning when the
frequency at the terminals of the generator is within the range of 45 Hz to 70 Hz.

5.1.12 The excitation system shall be designed with consideration given to the overvoltage in the
excitation circuit of the generator rotor and to ensure that the instantaneous value at the outgoing
terminal of the magnetic field winding shall not be more than 65% of the test voltage peak specified
in 5.1.16.

5.1.13 Excitation initiating methods include the excitation initiating with the residual voltage and
the excitation initiating by separate excitation:

a) Excitation initiating with the residual voltage: The excitation shall be reliably initiated when the
voltage at the generator terminals is greater than 2% of the rated value;

b) Excitation initiating by separate excitation: The capacity of the excitation initiating power
supply employing the static rectifier excitation shall not be greater than 10% of the no-load exci-
tation current of the turbine generator.

5.1.14 Except for the excitation system for the small turbine generator which realizes de-excitation

5
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by shutting down. the other excitation systems shall have the de-excitation capacity and ensure reli-
able de-excitation.

5.1.15 With regard to the excitation equipment (excluding the rotating exciter) employing forced
cooling, the noise value per cabinet (sound power level at the position 1 m from the cabinet) shall
not be greater than 80 dB (A).

5.1.16 Withstand voltage test shall meet the following requirements:

a) The electric circuits of the excitation system shall be able to sustain the withstand voltage test

without impairing the insulation.

b) With regard to the electric circuit (except for the rotating electrical machinery) directly con-
nected to the magnetic field winding or through the rectifier, the test voltage shall be 10 times
the rated field voltage but shall not be less than 1 500 V when the rated field voltage of the tur-
bine generator is 500 V or lower. With regard to the electric circuit not directly connected to the
magnetic field winding, the test voltage shall be 1 000 V when the rated voltage is 60 V or low-
er, and shall be 2 times the rated voltage plus 1 000 V but shall not be less than 1 500 V when the
rated voltage is higher than 60 V.

¢) The test voltage for on-site acceptance of the hydropower station shall be 75% of the specified

test voltage; the repeatable and repaired test voltage shall be 65% of the specified test voltage.

d> The test voltage shall be an effective value of the power frequency alternating current sine

wave. Its wave form should be close to the sine wave and the test time is 60 s.

5.1.17 The metal structure of the self-contained excitation system shall be fitted with the grounding
terminal, and legibly marked with the symbol @ The grounding terminal shall not be used for other

purposes.
5.2 System function requirements
5.2.1 Excitation regulator shall have the following basic functions:

a) The unit with a capacity of more than 5 MW may have two regulation channels which may be
double automatic channels or one automatic channel plus one manual channel for the redundancy
of the equipment. Two regulation channels shall be mutually standby and be traceable for each
other, and could be switched over automatically and manually. When switching, the voltage at

the terminals of the turbine generator or the reactive power has no obvious fluctuation;

b)> The microcomputer-based excitation regulator shall have the function of communicating with the

host computer. The communication may be realized with the point-to-point method;
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¢) Local and remote operation function;

d) Over-excitation limiting function;

e) Under-excitation limiting function;

) V/F limiting function (optional ;

g) Difference regulation function;

h) Manual/automatic excitation switch-on function;

i)  Grid voltage trace function;

i) Capable of meeting the basic requirements of the monitoring system;

k> PSS function (optional) ;

> Provide for VAR or PF Control System for the microcomputer-based excitation regulator (op-

tional).

5.2.2 Power rectifier of the excitation system shall have the following functions:

a) Cooling fan has the functions of automatic switching and alarm in case of wind stop;

b) Fuse failure alarm function of the fast acting fuse;

¢) Pulse vanishing detection and alarm function.

5.2.3 De-excitation equipment shall meet the following requirements:

a) Linear de-excitation should be used for the unit with a capacity of less than 5 MW or with an ex-

citation current of less than 500 A;

b) The excitation system shall provide the connection point for shunt tripping the circuit breaker at
the outlet of the turbine generator when the de-excitation switch trips off by mistake in the grid-
connected operation process.

5.2.4 Rotor overvoltage protection shall meet the following conditions:

a) The unit with a capacity more than 5 MW or with an excitation current of more than 300 A shall

be provided with the excitation winding overvoltage protection;
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b) The overvoltage protection for the electronic jumper with the single branch shall not be connect-
ed to the fuse in series.

5.2.5 The main detection functions shall include: detection of the trigger pulse, detection of the
synchronous circuit of the excitation regulator, detection of the voltage transformer disconnection,
detection of the fast acting fuse of the power rectifier and detection of the fault of the regulation
channel.

5.2.6 The excitation system shall be able to output the following signals:

a) Loss or fault of the regulated power supply for the regulator;

b) Fault of the regulator channel;

¢) Loss of the power supply for the operation control circuit of the excitation system;

d) Fault of the power rectifier cabinet;

e) Action of excitation limiter;

f)  Voltage transformer disconnection.

5.2.7 The excitation system shall have the functions of indicating the excitation current, field volt-
age and voltage at the terminals of the generator.

5.3 Other technical requirements

5.3.1 Exciting transformer shall meet the following requirements:

a) The automatic switch or the fast acting fuse shall not be installed on the high voltage side of the
exciting transformer;

b) The asymmetry of the three-phase voltage of the exciting transformer shall not be more
than 5% ;

¢) Shielding and grounding shall be applied between the primary and the secondary windings;

d) The short circuit impedance of the exciting transformer should be within the range of 4%
t0 8% ;

e) The wiring group of the three-phase exciting transformer should be of Y/d mode.

5.3.2 The voltage transformer and the current transformer shall meet the operating requirements of
8
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the excitation system and the accuracy level shall not be lower than 0.5.

5.3.3 The protection level of the excitation equipment shall meet the following requirements:
a) The protection level of the excitation regulator cabinet shall be higher than IP30;

b) The protection level of the excitation power rectifier cabinet shall be higher than IP20;

¢) The protection level provided by the enclosure of the exciting transformer (indoor installation)
shall be higher than IP20.

6 Supply scope and spare parts

6.1 Supply scope

6.1.1 Excitation device should include the regulation control, power rectification and de-excitation
protection units or loops.

6.1.2 Other equipment within the supply scope shall be determined by the supplier and the user ac-
cording to the order requirements.

6.2 Spare parts
The supplier shall provide the necessary spare parts for the damageable components, among which
the quantity of spare parts for the power rectifier components and the fast acting fuses shall not be

less than 30% of the usage amount; the supply scope and the quantity of other spare parts shall be
determined by the supplier and the user through negotiation.

7 Technical documents

The supplier shall submit the necessary technical documents to the user, mainly including:
a) Technical specification;

b) Operation instruction;

c) Delivery test report and the compliance certificate;

d) Unit and the overall debugging outlines;

e) System schematic and the operation schematic diagram;
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f) List of the main parts and the wiring diagram of the panel/cabinet;

g)> Outside view and the installation drawing of the equipment;

h) Delivery list;

i) Technical data of the sub-contracted products;

g) Other necessary technical data for the installation, operation and maintenance.

8 Tests

8.1 Delivery test

The following delivery tests shall be carried out as follows. The product could be delivered only after
passing the tests.

a) Standard test items: shall comply with Table A.1;

b) Other test items: shall be determined by the supplier and the user through negotiation.

8.2 Site tests

Site tests items include:

a) Standard test: shall comply with Table A.1;

b) Other test items: shall be determined by the supplier and the user through negotiation.

8.3 Type tests

With regard to the new trial-produced excitation equipment or the finalized excitation equipment,
the type test shall be carried out for the excitation system when the process or the key component

(or material) changes might influence the product performance. The type test items include:

a) Measurement of the ceiling voltage amplification, response ratio and response time of the exci-
tation system;

b) Measurement of the voltage setting range at the terminals of the synchronous generator;

¢) Measurement of the steady-state voltage regulation ratio;
10
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d) Measurement of the voltage regulation ratio;

e) Measurement of the adjustment range of the manual control unit;
f)  Test of the sudden load increase and the sudden load rejection;
g) Test of the automatic/manual switching;

h) Test of the rated voltage establishment;

i) Test of the excitation system operation and the operational reliability when the DC, AC voltage

and frequency for control vary within the specified range;
i) De-excitation test;
k) Test of the rated current of the rectifying installation;
) Measurement of the excitation equipment noise;
m) Maximum and minimum ambient temperature test;
n) Trial operation test;

o) All the delivery test items.

9 Nameplate,packing. transportation and storage

9.1 Nameplate

The materials and engraving method of the nameplates shall ensure that the texts are not obliterated
during the entire service period and the nameplate shall contain the following items:

Supplier name, equipment name and equipment model; rated output voltage and rated output cur-
rent; operating control power supply; product number and delivery time.

9.2 Packing

9.2.1 The packing shall be determined by the supplier and the user through negotiation. Special re-
quirements of the equipment, if any, shall be marked on the packing container.

9.2.2 The product shall have internal packing and external packing containers, the plug-in box shall
be firmly locked and fastened, the packing container shall be fitted with the dustproof, rainproof and
11
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anti-vibration measures, and shall be provided with the hoisting facility and marks.
9.2.3 The inspections of the product before packing mainly include:

a) Whether the accessories. spare parts, compliance certificate and relevant technical documents
of the product are complete;

b) Whether the product appearance gets damaged.

9.2.4 The packing of the products for export shall comply with the provisions of the relevant na-
tional inspection and quarantine regulations.

9.2.5 The packing guarantee time shall not exceed 12 months from the delivery date.

9.3 Transportation

The supplier and the user shall specify the transportation tools suitable for the equipment and the re-
quirements in the transportation process. The transportation and handling shall be carried out accord-
ing to the marks on the packing containers.

9.4 Storage

9.4.1 The products shall be stored in the dust-free and rainproof warehouses with ambient tempera-
ture of =25 C to +55 C, relative humidity of not more than 85% and without acid, alkali, salt and
corrosive or explosive gases or strong electromagnetic field.

9.4.2 From the date of delivery by the supplier. the supplier shall guarantee that the products are

free from corrosion and accuracy reduction due to improper packing within 12 months under the stor-
age conditions specified in 4.1.

10 Installation,operation and maintenance

10.1 Installation
The product shall be installed by the experienced and well-qualified competent professionals.
10.2 Operation and maintenance

10.2.1 Before going into formal operation, the relevant tests shall be carried out, and the specified
requirements shall be met.

10.2.2 The operation and maintenance shall comply with the provisions of the normative
12
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references. the installation, use and maintenance instructions provided by the supplier as well as the
relevant operation specifications for the hydropower station.

10.2.3 The supplier shall provide the technical support for solving the problems occurring in the in-
stallation, use and maintenance process for the equipment, and shall train the user’s personnel on
the aspects of the equipment installation, use and maintenance.

11 Quality guarantee period

Under the premise that the product is properly stored, installed and used., 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.

13
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Appendix A
(Informative)

Inspection and site acceptance test

Table A.1 Factory inspection and site acceptance test items

Factory On-site
No. Test items . .
inspection acceptance
1 Test of the exciting transformer N N
2 Test of the magnetic field circuit breaker N J
3 Test of the power rectifier N/ J
4 Test of the nonlinear resistance N
5 | Test of the silicon controlled jumper N NG
Insulation measurement and dielectric test of the various components of the
6 excitation system v v
Test of the basic units and the auxiliary units of the automatic exciting regu-
/ lator v
8 Total static characteristic test of the automatic exciting regulator N N
Loop tests for the operation, protection, monitoring, signal and port of the
? excitation system v v
Test of the excitation initiating, pressure rise, pressure drop and conversion
10 field depression characteristics v
Measurement of the voltage setting range and the pre-set voltage variation
" speed in the various regulating channels of the automatic exciting regulator v
Measurement and recording of the generator voltage-frequency
12 characteristics with the automatic exciting regulator v
Switching test of the automatic/manual modes and the two sets of the auto-
13 matic regulation channels v v
14 | Test of the regulating range of the manual control unit N NG
15 | 5% or 10% step response tests under the no-load condition of the generator N
16 Detection of the cooling system for the rectified power cabinet N N/
17 | Noise test J N
18 Current sharing test of the power unit for the excitation system N/ N
Measurement of the generator voltage regulation ratio with the automatic ex-
19 citing regulator v
20 | Test of the reactive load adjustment and the load rejection of the generator N
De-excitation test of the generator under the no-load and the rated
21 working conditions v
22 Detection of the temperature rise for all the parts of the excitation system N
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. Factory On-site
No. Test items ) )
inspection acceptance

23 Setting and action correctness tests for the auxiliary function units and the J J

protection/detection units
" 12 hrs continuous current test of the excitation device under the low voltage J

and high current condition
25 72 hrs continuous trial operation of the excitation system under the rated J

working condition
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