ELECTRIC INSTALLATION CODE

(SIXTH EDITION, 

revised and enlarged, as amended)

All amendments finalized during the period from August 31, 1985 to December 30, 1997 in concordance with the required sections of the State Committee for Construction and Architecture of Russia and the State Committee for Industrial and Mining Safety Supervision of Russia are INCLUDED.

Amendments dated 14.07.98 are added.

Section 6 and chapters 7.1, 7.2 are set forth as per the seventh edition (1999)

Chapters 1.1, 1.2, 1.7, 1.9, 7.5, 7.6, 7.10 are set forth as per the seventh edition (2002)

SECTION I

GENERAL RULES 

Chapter 1.1 

GENERAL PART 

	APPROVED BY
Ministry of Energy
of the Russian Federation
Order dated July 8, 2002 No. 204


Effective
from January 1, 2003
Scope, applications, definitions
1.1.1. The Electrical Installation Code shall cover all newly installed and retrofitted DC and AC electrical installations of a voltage of up to 750 kV including special electrical installations described in section 7 of this Code.

The erection of special electrical installations which are not shown in section 7 shall be governed by other regulatory documents. Separate requirements of this Code can be applied to such installations inasmuch as their design and operating conditions are similar to electrical installations shown in this Code.

It is recommended to apply the requirements of this Code to operating electrical installations if it increases the reliability of an electrical installation or if its retrofit is directed to meet safety requirements.

With respect to electrical installations being retrofitted, the requirements of this Code shall apply only to the parts of electrical installations being retrofitted.

1.1.2. The Electrical Installation Code has been developed taking into account the mandatory performance of scheduled preventive measures and routine testing and repairs of electrical installations and their electrical components.

1.1.3. An electrical installation is a set of machines, devices, lines and accessory equipment (together with structures and buildings they are installed in) designed for the generation, conversion, transformation, transmission and distribution of electric power and its conversion into other types of energy.

1.1.4. Outdoor or external electrical installations are installations which are not protected by a building from weather impact.

Electrical installations protected only by shelters, cages etc. are rated as external ones.

Closed or internal electrical installations are electrical installations located inside a building protecting them from weather impact.

1.1.5. Electrical installation rooms are rooms or fenced in (for example, by wire mesh) parts of a room in which electrical equipment accessible only for qualified servicing staff is located.

1.1.6. Dry rooms are rooms with relative air humidity not exceeding 60%.

If conditions in such rooms are different from those set forth in 1.1.10-1.1.12, the rooms are called normal.

1.1.7. Humid rooms are rooms with relative air humidity of more of than 60%, but not exceeding 75%.

1.1.8. Wet rooms are rooms with relative air humidity exceeding 75%.

1.1.9. Extremely wet rooms are rooms with relative air humidity close to 100% (ceiling, walls, floor and objects in the room are covered with moisture).

1.1.10. Hot rooms are rooms in which due to various thermal radiation, the temperature permanently or regularly (more than 24 hours) exceeds +35 °С (for example, rooms with dryers, burners, boiler rooms).

1.1.11. Dusty rooms are rooms in which production conditions result in the generation of processing dust which can settle on live parts, penetrate inside machines, devices etc.

Dusty rooms are divided into rooms with current-conducting dust and rooms with non-current-conducting dust.

1.1.12. Rooms with chemically active and organic environments are rooms which either permanently or for a long period of time contain aggressive vapours, gases, liquids and in which sediments or mould form breaking insulation and current-carrying parts of electrical equipment.

1.1.13. In terms of electrical shock hazard for people, rooms are divided into:

1) rooms without any heightened hazard are those in which conditions creating heightened or special hazards do not exist (see clauses 2 and 3).

2) rooms with a heightened hazard are characterized by presence of one of the following conditions:

dampness or current-conducting dust (see 1.1.8 and 1.1.11);

current-conducting floor (metal, earthen, reinforced-concrete, brick etc.);

high temperature (see 1.1.10);

the possibility of simultaneous contact between a person, buildings with metal construction connected to the ground, processing units, machinery etc., and metal bodies of electrical equipment (open current-conductive parts).

3) extremely hazardous rooms are characterized by the presence of one of the following conditions creating a special hazard:
excessive dampness (see 1.1.9);

chemically active or organic environment (see 1.1.12);

two or more heightened hazard conditions at the same time(see 1.1.13, clause 2);
4) in terms of electrical shock hazard for people, the area surrounding outdoor electrical installations is compared to extremely hazardous rooms. 

1.1.14. Qualified service staff consists of specially trained employees, tested to the extent mandatory for this work (position) and having electrical safety certification according to applicable industrial safety rules for the operation of electrical installations.

1.1.15. A nominal parameter is a parameter value specified by an electrical device manufacturer.
1.1.16. AC voltage is an effective value of voltage.

DC voltage is the DC voltage or rectified current voltage with a ripple content of not more than 10% of the effective value.

1.1.17. For the designation of mandatory compliance with the Electrical Installation Code requirements the words “shall”, “should”, “necessary” and their derivatives shall be used. The words “as a rule” mean that this requirement is prevailing, and deviation from it must be grounded. The word “allowed’ means that this solution shall be applied by way of exception as an enforced one (as a result of constraining conditions, limitations of resources, the necessary equipment, materials etc). The word “recommended” means that this solution is one of the best, but not mandatory. The word “can” means that this solution is allowable.

1.1.18. Normalizing values of quantity used in the Electrical Installation Code with the specification “not less” shall be the smallest values, and those with the specification “not more” – the greatest ones. 

All values of quantity used in the Code with the prepositions “from” and “to” should be understood as “inclusively”.

General guidelines regarding electrical installations
1.1.19. Electrical equipment, electrical products and materials used in electrical installations shall comply with the requirements of duly approved state standards and specifications.
1.1.20. Design, version, method of mounting, class and characteristics of insulation for machines, devices, instruments and other electrical equipment, and also of cables and wires shall comply with the parameters of the mains or electrical installation, operation mode, environmental conditions and requirements of appropriate chapters of the Electrical Installation Code.

1.1.21. Electrical installations and structures related to them shall be resistant to the environment and protected against its impact.

1.1.22. The construction and sanitary-engineering parts of electrical installations (structure of the building and its elements, heating, ventilation, water supply, etc) shall be performed according to the applicable Building Codes and Regulations (SNiP) with mandatory compliance of additional requirements set forth in the Electrical Installation Code.

1.1.23. Electrical installations shall meet the requirements of applicable regulatory documents on environmental protection in terms of allowable levels of noise, vibration, electric and magnetic field intensity, electromagnetic compatibility.
1.1.24. For protection from electrical installations’ impact, measures shall be taken according to the requirements of the norms of allowable man-made interference and the rules for the protection of communication units, railway signalling and remote control from the hazardous and interfering impact of power transmission lines.
1.1.25. Electrical installations shall be provided with facilities for the collection and removal of waste: chemical substances, oil, rubbish, industrial water etc. According to current requirements for environmental protection, the possibility of penetration of the above waste into water bodies, storm water drainage systems, ravines, and also in the areas designed for their storage, shall be excluded.
1.1.26. The designing and selection of circuits, assemblies and structures of electrical installations shall be carried out on the basis of technical-and-economic comparison of options, taking into account insurance of operational safety, use of reliable circuits, implementation of new equipment, power and resource saving technologies, operation experience.  
1.1.27. If there is a danger of the occurrence of electrocorrosion or soil corrosion, appropriate measures shall be taken for the protection of structures, equipment, pipelines and other underground utilities.
1.1.28. For electrical installations, a possibility for the easy identification of parts related to individual elements shall be provided (simplicity and good layout of circuits, appropriate location of electrical equipment, signs, marking, colouring).
1.1.29. For colour coding and numeral marking of separate insulated and uninsulated conductors, colours and numerals as per GOST P 50462 Identification of Conductors by Colours or Numerals shall be used.
Protective earth conductors in all electrical installations and also zero protective conductors in electrical installations of a voltage of up to 1 kV with a dead-earth grounded midpoint wire, including buses, shall have the letter marking PE and colour coding with alternate longitudinal and transversal bands of an equal width (for buses from 15 to 100 mm) of yellow and green colours.
Zero operational (neutral) conductors shall be marked with a letter N and blue colour. Combined zero protective and zero operational conductors shall have the letter identification PEN and colour coding: blue colour along all the length and yellow-green bands on the ends.
1.1.30. Alpha-numeric marking and colour coding of the like buses in each electrical installation shall be the same.
Buses shall be marked as follows:
1) at alternative three-phase current: phase A buses – yellow, phase B – green, phase C – red colour;
2) at alternative one-phase current the bus B connected to the end of a power supply winding – with red colour, the bus A connected to the start of a power supply winding – with yellow colour.
Provided they are taps of a three-phase system buses, one-phase current buses shall be marked as appropriate three-phase current buses;
3) at direct current: positive bus (+) – with red colour, negative (-) – blue and zero operational M – light blue colour.
Colour coding shall be provided along the whole length of buses if it is also envisaged for more intensive cooling and anti-corrosion protection.
It is allowed to provide colour coding on a part of the length, only colour coding or only alpha-numeric marking or colour coding in combination with alpha-numeric marking in places of connection of buses. If uninsulated parts of a bus are not accessible for examination when they are live, it is allowed not to mark them. In such a case, the level of safety and good layout during electrical installation maintenance shall not be reduced. 

1.1.31. When buses are located flatwise or edgewise in distribution devices (except for packaged collecting cells of one-way maintenance) and packaged distribution devices of 6-10 kV, and also factory-made panels of 0.4-0.69 kV) the following conditions shall be met:
1. In distribution devices of a voltage of 6-220 kV operating at alternative three-phase current collecting and bypass buses, and also, all types of segment buses shall be located as follows:

a) horizontal configuration:

one under the other: from top downward А-В-С;
one after the other, at an angle or delta-like: the most remote – the bus A, in the middle – B, the closest to the maintenance gallery – C;
b) vertical configuration (in plane or delta-like):
from left to right А-В-С or the most remote – the bus A, in the middle – B, the closest to the maintenance gallery – C;
b) taps of collecting buses looking at buses from the maintenance gallery (if there are three galleries – from the central one):
horizontal configuration: from left to right А-В-С;
vertical configuration (in plane or delta-like): from top downward А-В-С.
2. In three-phase AC current five- and four-wire circuits of up to 1 kV electrical installations location of buses shall be as follow:
horizontal configuration:
one under the other: from top downward A-B-C-N-PE (PEN);
one after the other: the most remote – the bus A, then – phases B-C -- N, the closest to the maintenance gallery – РЕ (PEN);
vertical configuration: 
from left to right A-B-C-N-PE (PEN) or the most remote – the bus A, then – phases B-C-N, the closest to the maintenance gallery – РЕ (PEN);
taps of collecting buses as viewing buses from the maintenance gallery:
horizontal configuration: from left to right A-B-C-N-PE (PEN);
vertical configuration: A-B-C-N-PE (PEN) from top downward.
3. For direct current buses shall be located:

collecting buses at vertical configuration: upper М, middle (-), lower (+);
collecting buses at horizontal configuration:

the most remote M, middle (-) and the closest (+) as viewing buses from the maintenance gallery.

taps of collecting buses: left M, middle (-), right (+) as viewing buses from the maintenance gallery.
In specific cases, deviations from the requirements set forth in clauses 1-3 shall be allowed if their performance is related to the significant complication of electrical installations (for example, there is a need for the installation of special supports near the substation for transposition of power transmission lines wires) or two or more stages of transformation are utilized at the substation.

1.1.32. In terms of electrical safety conditions, electrical installations are divided into electrical installations with a voltage of up to 1 kV and electrical installations with a voltage of more than 1 kV (as per voltage effective value).

The safety of service staff and unauthorized persons shall be provided by taking safety measures set forth in chapter 1.7 and also the following measures:
keeping required distances from current-carrying parts or by dint of enclosing, guarding current-carrying parts; 

the locking of devices and guards to prevent erroneous operations and access to current-carrying parts;

use of warning alarm, signs and posters;
use of devices for the reduction of electric and magnetic field intensity to permissible values;

use of protective means and devices, including those for protection from the impact of electric and magnetic fields in the electrical installations in which their intensity exceeds permissible limits.

1.1.33. In electrical installation rooms with installations of a voltage of up to 1 kV it is permissible to use uninsulated and insulated current-carrying parts without contact protection if local standards do not require such protection for any other purposes (for example, for protection from mechanical effect). In such a case, parts open to contact shall be located in such a way that during routine maintenance risk of contact with them would be excluded.
1.1.34. In living, public and other premises, devices for guarding and enclosing current-carrying parts shall be unbroken; in premises accessible only by qualified staff, these devices can be unbroken, caged or perforated. 
Guards and enclosing devices shall be designed in such a way they can be removed and opened only with keys and tools.
1.1.35. All guards and enclosing devices shall have required (depending on local conditions) mechanical strength. At a voltage of more than 1 kV the thickness of guards and enclosing devices shall be not less than 1 mm.
1.1.36. For the protection of the service staff from electrical shock, electrical arc etc., all electrical installations shall be provided with protective means and also with a first-aid station according to the applicable rules of use and testing of protective means utilized at electrical installations.
1.1.37. Fire and explosion safety of electrical installations shall be insured by compliance with requirements set forth in the appropriate chapters of this Code.
During commissioning, electrical installations shall be equipped with fire-fighting means and implements according to current regulations. 
1.1.38. Newly erected and retrofitted electrical installations and electrical equipment mounted in them shall be subject to acceptance tests.
1.1.39. Newly erected and retrofitted electrical installations shall be commissioned only after their acceptance according to applicable regulations.
Chapter 1.2

ELECTRICITY SUPPLY AND ELECTRIC MAINS 

	APPROVED BY
Ministry of Energy

of the Russian Federation

Order dated July 8, 2002 No 204


Effective
as of January 1, 2003

Scope, definitions 

1.2.1. The present chapter of the Code shall cover all electricity supply systems.

In addition to the requirements of this chapter electricity supply systems of underground, traction and other special installations must comply with special regulations requirements.

1.2.2. An energy system is a complex of electricity generating plants, electric mains and heat networks interconnected and united by the same mode of operation in the process of continuous generation, conversion, transmission and distribution of electric and heat energy under the common control of this mode.

1.2.3. The electric part of an energy system is a complex of electrical installations, electricity generating plants and electric mains of an energy system.

1.2.4. An electric energy system is the electric part of an energy system and powered by it electrical appliances united by the same mode of electric energy generation, transmission, distribution and consumption process.

1.2.5. Electricity supply is the provision of consumers with electric power.

An electricity supply system is a complex of electrical installations designed to provide consumers with electric energy.

Centralized electricity supply is the provision of consumers with electric energy from an energy system.

1.2.6. An electric main is a complex of electrical installations designed for transmission and distribution of electric energy; it consists of substations, distribution devices, current-conducting wires, overhead and cable power transmission lines operating in the same territory.

1.2.7. An electrical appliance is a device, unit etc. designed for conversion of electric energy into another type of energy.

1.2.8. An electric energy consumer is an electrical appliance or a group of electrical appliances united by a technology process and placed in a certain location. 

1.2.9. The normal mode of an electric energy consumer is a mode providing design values of its operations parameters.

A postemergency mode is a mode in which an electric energy consumer finds himself as a result of the energy supply system failure prior to return to the normal mode after the failure remedy.

1.2.10. An independent power supply is a power supply remaining live in the postemergency mode within specified limits after loss of voltage on another or other power supplies.

Independent power supplies include two sections or systems of buses or two electricity generating plants or substations provided the two following conditions are observed simultaneously: 

1) each section or system of buses is in its turn powered from an independent power supply; 

2) sections (systems) of buses are not interconnected or have a connection breaking automatically upon failure of normal operation of one of the sections (systems) of buses.

General requirements 

1.2.11. While designing electricity supply systems and retrofitting electrical installations the following issues must be considered:

1) prospects of energy system and electricity supply system development taking into account a rational combination of newly constructed electric mains with the existing ones and newly constructed mains of other voltage classes;

2) provision of the integrated centralized electricity supply for all electric energy consumers located in the area of operation of electric mains regardless of who the latter belong to;

3) restriction of short-circuit currents by limiting levels determined for future;

4) reduction of electric energy losses;

5) compliance of the decisions made with the terms of environmental protection.

In this regard external and internal electricity supply must be considered in package with possibilities and economic expediency of process backup taken into account.

While settling backup issues electrical installation overload capability as well as availability of spare process equipment should be considered.

1.2.12. While settling matters of electricity supply system development, repair, emergency and postemergency modes should be taken into account.

1.2.13. While selecting independent interconnected back-up power supplies that are part of an energy system there a probability of simultaneous dependent short term voltage reduction or loss for a period of relay protection and automatic equipment operation upon failure of the energy system electric part as well as a simultaneous long term loss of voltage on these power supplies upon severe system accidents should be taken into account. 

1.2.14. The requirements of clauses 1.2.11-1.2.13 must be taken into account at all intermediate stages of energy system and electricity supply system development.

1.2.15. Electric mains must be designed with the types of their maintenance taken into account (permanent duty, duty at home, mobile teams etc.).

1.2.16. Operation of the electric mains with 2-35 kV voltage may be arranged both with the insulated neutral and the neutral grounded via a ground-fault neutralizer or resistor.

The compensation of ground short circuit capacitance current must be used at these current values under normal modes:

in 3-20 kV voltage mains including concrete and metal supports for overhead power transmission lines, and in all 35 kV voltage mains – more than 10 A;

in mains without concrete and metal supports for overhead power transmission lines:

more than 30 A for 3-6 kV voltage;

more than 20 A for 10 kV voltage;

more than 15 A for15-20 kV voltage;

in 6-20 kV generated voltage circuits of the generator-transformer units – more than 5A.

For ground short circuit current exceeding 50 A it is recommended to use at least two grounding reactors.

Operation of 110 kV voltage electric mains may be arranged both with a dead-earth grounded neutral and an effectively earthed neutral.

The electric mains with 220 V voltage and higher must operate only with a dead-earth grounded neutral.

Electrical appliance categories and provision of electricity supply reliability

1.2.17. Electrical appliance categories as per electricity supply reliability shall be determined during the electricity supply system designing on the basis of regulatory documents as well as the project process part.

1.2.18. In terms of provision of electricity supply reliability electrical appliances shall be divided into the following categories.

Electrical appliances of the first category are electrical appliances which power supply outage may endanger human lives, pose a threat to state security, significantly damage property, disrupt a complex technological process, compromise the operation of critical elements of public services, telecommunications and television facilities.

Among electrical appliances of the first category a special group of electrical appliances shall be singled out whose uninterrupted operation is required for failure-proof shutdown of a production process in order to prevent danger to human lives, explosions and fires.
Electrical appliances of the second category are electrical appliances whose power supply outage leads to a large scale undersupply of products, large scale downtime of the staff, machines and industrial transport, disruption of normal activity of a significant number of town and village dwellers.

Electrical appliances of the third category are all the rest of electrical appliances not included in the first and second categories. 

1.2.19. Electrical appliances of the first category under normal modes must be supplied with electrical energy from two independent interconnected backing up power supplies; power supply interruption due to loss of supply from one of the power supplies may be allowed only for a period of automatic resumption of supply. 

An additional supply from the third independent interconnected backing up power supply must be provided for electricity supply of the special group of the first category electrical appliances.

Local electricity generating plants, electricity generating plants of energy systems (in particular, generating voltage buses), uninterrupted power units, batteries etc. designed for this purpose may be used as the third independent power supply for the special group of electrical appliances and as the independent power supply for the rest of electrical appliances of the first category. 
If the backup electricity supply can not provide continuity of the technical process or the backup electricity supply is economically inadvisable, process backup must be implemented, for example, by installing interconnected backing up process units, special devices for failure-proof shutdown of the process operating during loss of supply.

The electricity supply of the first category electrical appliances with an especially sophisticated continuous manufacturing process requiring a long period of time for restoration of the normal mode is recommended, provided the feasibility study is available, from two interconnected backing-up power supplies which meet additional requirements determined by the manufacturing process specifics.
1.2.20. Second category electrical appliances under normal modes must be supplied with power from two independent interconnected backing up power supplies.

For the second category electrical appliances during loss of supply from one of the power supplies, interruptions are permitted for a period of time required for the staff on duty or the mobile operational team to switch on the backup supply.
1.2.21. Power for the third category electrical appliances can be supplied from one power supply provided that periods of electricity supply interruption required for repairs or replacement of the damaged element of the electricity supply system do not exceed 24 hours.

Voltage levels and regulation, reactive power compensation

1.2.22. Operational arrangements for provision of electric energy quality according to the requirements of GOST 13109 should be envisaged for electric mains. 
1.2.23. Voltage regulation devices must maintain bus voltage at 2-30 kV at electricity generating plants or substations to which the distribution mains are connected within the limits of not less than 105% of nominal during periods of maximum loads and not more than 100% of nominal voltage during periods of minimum loads of these mains. Deviations from the specified voltage levels must be justified.
1.2.24. The selection and location of reactive power compensation devices in electric mains shall be made based on the need to provide the required mains capacity under normal and postemergency modes maintaining necessary levels of voltage and stability factors.

Chapter 1.3

SELECTION OF CONDUCTORS ACCORDING TO HEATING, CURRENT ECONOMICAL DENSITY AND CORONA DISCHARGE CONDITIONS

SCOPE 

1.3.1. The present chapter of the Code shall cover the selection of electrical conductor sections (uninsulated and insulated wires, cables and buses) according to the heating, economical current density and corona discharge conditions. If a conductor section determined in accordance with these conditions is less than the section in accordance with other conditions (thermal and electrodynamic short-circuit strength, voltage loss and deviation, mechanical strength, overload protection) the largest section required by these conditions must be assumed.

SELECTION OF CONDUCTORS AS PER HEATING 

1.3.2. Any conductors must meet the requirements with regard to the maximum allowable heating taking into account not only normal, but also postemergency modes as well as modes during repairs and possible nonuniformity of current distribution between lines, bus sections etc. During check for heating the half-hour maximum of current - the highest of the average half-hour currents of this mains element - shall be assumed.

1.3.3. At repeated short term and short term modes of electrical appliance operation (with the total cycle duration up to 10 minutes and duration of operation period of not more than 4 minutes) the current adapted to the long term mode should be used as the rated current for check of the conductor section as per heating. At the same time:

1) for copper conductors with section up to 6 mm2, and for aluminum conductors up to 10 mm2 the current shall be assumed as for installations with long term operation mode; 

2) for copper conductors with section more than 6 mm2, and for aluminum conductors with section more than 10 mm2 the current shall be determined as the product of permissible sustained current by the rate 0.875 / 
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, where Td.d. is the expressed in relative units duration of operation period (duty duration in relation to cycle duration).

1.3.4. For the short term operation mode with the duty duration not more than 4 minutes and stops between duties sufficient for a conductor cooling to the surrounding temperature, the maximum permissible currents shall be determined as per norms of the repeated short term mode (see 1.3.3). For duty duration more than 4 minutes as well as for stops of insufficient duration between duties the maximum permissible currents shall be determined as for installations with the long term operation mode.

1.3.5. For 10 kV voltage cables with impregnated-paper insulation bearing loads less than the rated ones short term overload presented in table 1.3.1 may allowed. 

1.3.6. For the period of postemergency mode remedy for cables with polyethylene insulation permissible overload may be up to 10%, and for cables with polyvinylchloride insulation - up to 15% of nominal for periods of maximum load with duration of 6 hours per day during 5 days provided the load during the rest of the periods of time of these days does no exceed the nominal.

For the period of postemergency mode remedy for 10 kV voltage cables with paper insulation overloads during 5 days may be within the limits specified in table 1.3.2.

Table 1.3.1. Permissible short term overload for cables with up to 10 kV voltage with impregnated-paper insulation

	Preliminary load

factor 
	Type of laying 
	Permissible load relative to rated load within a period of time, h 

	
	
	0.5
	1.0
	3.0

	0.6
	Underground
	1.35
	1.30
	1.15

	
	Overhead
	1.25
	1.15
	1.10

	
	In conduits (underground)
	1.20
	1.0
	1.0

	0.8
	Underground
	1.20
	1.15
	1.10

	
	Overhead
	1.15
	1.10
	1.05

	
	In conduits (underground)
	1.10
	1.05
	1.00


Table 1.3.2. Short term overload for cables with up to 10 kV voltage with paper insulation allowed for the period of postemergency mode remedy

	Preliminary load factor 
	Type of laying 
	Permissible load relative to rated load during maximum duration, h 

	  
	
	1
	3 
	6 

	0.6
	Underground
	1.5
	1.35
	1.25

	
	Overhead
	1.35
	1.25
	1.25

	
	In conduits (underground)
	1.30
	1.20
	1.15

	0.8
	Underground
	1.35
	1.25
	1.20

	
	Overhead
	1.30
	1.25
	1.25

	
	In conduits (underground)
	1.20
	1.15
	1.10


For the cable lines being in operation for more than 15 years overloads shall be reduced by 10%.

The overload of the cable lines with 20-35 kV voltage shall not be allowed.

1.3.7. The requirements for normal loads and postemergency overloads are applied to cables and potheads and terminations installed on them. 

1.3.8. The zero operational conductors of a three-phase current four-wire system shall have conductivity not less than 50% of phase conductor conductivity; when required, it must be increased to 100% of phase conductor conductivity.

1.3.9. While determining permissible sustained currents for cables, uninsulated and insulated wires and buses as well as rigid and flexible current-conducting wires laid in the environment with the temperature significantly different from that presented in clauses 1.3.12-1.3.15 and 1.3.22, factors set forth in table 1.3.3 shall be applied: 

Table 1.3.3. Current correction factors for cables, uninsulated and insulated wires and buses depending on soil and air temperature

	Provisional ambient temperature, °С
	Specified indoors temperature, °С
	Correction factors for currents at rated environment temperature, °С 

	
	
	-5 and
less
	0
	+5
	+10
	+15
	+20
	+25
	+30
	+35
	+40
	+45
	+50

	15
	80
	1.14
	1.11
	1.08
	1.04
	1.00
	0.96
	0.92
	0.88
	0.83
	0.78
	0.73
	0.68

	25
	80
	1.24
	1.20
	1.17
	1.13
	1.09
	1.04
	1.00
	0.95
	0.90
	0.85
	0.80
	0.74

	25
	70
	1.29
	1.24
	1.20
	1.15
	1.11
	1.05
	1.00
	0.94
	0.88
	0.81
	0.74
	0.67

	15
	65
	1.18
	1.14
	1.10
	1.05
	1.00
	0.95
	0.89
	0.84
	0.77
	0.71
	0.63
	0.55

	25
	65
	1.32
	1.27
	1.22
	1.17
	1.12
	1.06
	1.00
	0.94
	0.87
	0.79
	0.71
	0.61

	15
	60
	1.20
	1.15
	1.12
	1.06
	1.00
	0.94
	0.88
	0.82
	0.75
	0.67
	0.57
	0.47

	25
	60
	1.36
	1.31
	1.25
	1.20
	1.13
	1.07
	1.00
	0.93
	0.85
	0.76
	0.66
	0.54

	15
	55
	1.22
	1.17
	1.12
	1.07
	1.00
	0.93
	0.86
	0.79
	0.71
	0.61
	0.50
	0.36

	25
	55
	1.41
	1.35
	1.29
	1.23
	1.15
	1.08
	1.00
	0.91
	0.82
	0.71
	0.58
	0.41

	15
	50
	1.25
	1.20
	1.14
	1.07
	1.00
	0.93
	0.84
	0.76
	0.66
	0.54
	0.37
	-

	25
	50
	1.48
	1.41
	1.34
	1.26
	1.18
	1.09
	1.00
	0.89
	0.78
	0.63
	0.45
	-


PERMISSIBLE SUSTAINED CURRENTS FOR WIRES, CORDS AND CABLES WITH RUBBER AND PLASTIC INSULATION 

1.3.10. Permissible sustained currents for wires with rubber or polyvinylchloride insulation, cords with rubber insulation and cables with rubber and plastic insulation in lead, polyvinylchloride and rubber sheathes are presented in tables 1.3.4-1.3.11. They are assumed for temperatures of: indoors +65, ambient air +25 and soil +15° С.

While determining the number of wires laid in one conduit (or conductors of a polyconductor) the zero operational conductors of a three-phase current four-wire system as well as grounding and zero protective conductor shall be not taken into account.

Data contained in tables 1.3.4 and 1.3.5 should be applied irrespective of the quantity of conduits and place of their laying (overhead, in floors, in foundations).

Permissible sustained currents for wires and cables laid in cable boxes as well as in trays in bundles must be assumed: for wires – as per tables 1.3.4 and 1.3.5 as for wires laid in conduits, for cables – as per tables 1.3.6-1.3.8 hung overhead. With simultaneous loaded wires exceeding four which are laid in conduits, boxes as well as in trays in bundles, currents for wires must be assumed as per tables 1.3.4 and 1.3.5 as for wires laid openly (hung overhead) with implementation of reduction factors 0.68 and 5 и 6; 0.63 for 7-9 and 0.6 for 10-12 conductors.

Reduction factors are not applied to secondary circuit wires.

Table 1.3.4. Permissible sustained current for wires and cords with rubber and polyvinylchloride insulation with copper cores

	Current-conducting core section 

mm2
	Current, A, for wires laid

	
	openly
	in one conduit

	
	
	two single core
	three single core
	four single core
	one twin-core
	one three-core

	0.5
	11
	-
	-
	-
	-
	-

	0.75
	15
	-
	-
	-
	-
	-

	1
	17
	16
	15
	14
	15
	14

	1.2
	20
	18
	16
	15
	16
	14.5

	1.5
	23
	19
	17
	16
	18
	15

	2
	26
	24
	22
	20
	23
	19

	2.5
	30
	27
	25
	25
	25
	21

	3
	34
	32
	28
	26
	28
	24

	4
	41
	38
	35
	30
	32
	27

	5
	46
	42
	39
	34
	37
	31

	6
	50
	46
	42
	40
	40
	34

	8
	62
	54
	51
	46
	48
	43

	10
	80
	70
	60
	50
	55
	50

	16
	100
	85
	80
	75
	80
	70

	25
	140
	115
	100
	90
	100
	85

	35
	170
	135
	125
	115
	125
	100

	50
	215
	185
	170
	150
	160
	135

	70
	270
	225
	210
	185
	195
	175

	95
	330
	275
	255
	225
	245
	215

	120
	385
	315
	290
	260
	295
	250

	150
	440
	360
	330
	-
	-
	-

	185
	510
	-
	-
	-
	-
	-

	240
	605
	-
	-
	-
	-
	-

	300
	695
	-
	-
	-
	-
	-

	400
	830
	-
	-
	-
	-
	-


Table 1.3.5. Permissible sustained current for aluminum core wires with rubber and polyvinylchloride insulation with

	Current-conducting core section, mm2
	Current, A, for wires laid

	
	openly
	in one conduit

	
	
	two single core
	three single core
	four single core
	one twin-core
	one three-core

	2
	21
	19
	18
	15
	17
	14

	2.5
	24
	20
	19
	19
	19
	16

	3
	27
	24
	22
	21
	22
	18

	4
	32
	28
	28
	23
	25
	21

	5
	36
	32
	30
	27
	28
	24

	6
	39
	36
	32
	30
	31
	26

	8
	46
	43
	40
	37
	38
	32

	10
	60
	50
	47
	39
	42
	38

	16
	75
	60
	60
	55
	60
	55

	25
	105
	85
	80
	70
	75
	65

	35
	130
	100
	95
	85
	95
	75

	50
	165
	140
	130
	120
	125
	105

	70
	210
	175
	165
	140
	150
	135

	95
	255
	215
	200
	175
	190
	165

	120
	295
	245
	220
	200
	230
	190

	150
	340
	275
	255
	-
	-
	-

	185
	390
	-
	-
	-
	-
	-

	240
	465
	-
	-
	-
	-
	-

	300
	535
	-
	-
	-
	-
	-

	400
	645
	-
	-
	-
	-
	-


Table 1.3.6. Permissible sustained current for copper core wires with rubber insulation in metal protection sheathes and copper core cables with rubber insulation in lead, polyvinylchloride, nairit, or rubber sheath, armored and unarmored

	Current-conducting core section, mm2
	Current*, A, for wires and cables

	
	single core
	twin-core
	three-core

	
	laid

	
	Overhead
	overhead
	underground
	overhead
	underground

	1.5
	23
	19
	33
	19
	27

	2.5
	30
	27
	44
	25
	38

	4
	41
	38
	55
	35
	49

	6
	50
	50
	70
	42
	60

	10
	80
	70
	105
	55
	90

	16
	100
	90
	135
	75
	115

	25
	140
	115
	175
	95
	150

	35
	170
	140
	210
	120
	180

	50
	215
	175
	265
	145
	225

	70
	270
	215
	320
	180
	275

	95
	325
	260
	385
	220
	330

	120
	385
	300
	445
	260
	385

	150
	440
	350
	505
	305
	435

	185
	510
	405
	570
	350
	500

	240
	605
	-
	-
	-
	-


___________

* Currents apply for wires and cables with the zero core and without it.


Table 1.3.7. Permissible sustained current for aluminum core cables with rubber or plastic insulation in lead, polyvinylchloride and rubber sheathes, armored and unarmored

	Current-conducting core section, mm2
	Current, A, for cables

	
	single core
	twin-core
	three-core

	
	laid

	
	Overhead
	overhead
	underground
	overhead
	underground

	2.5
	23
	21
	34
	19
	29

	4
	31
	29
	42
	27
	38

	6
	38
	38
	55
	32
	46

	10
	60
	55
	80
	42
	70

	16
	75
	70
	105
	60
	90

	25
	105
	90
	135
	75
	115

	35
	130
	105
	160
	90
	140

	50
	165
	135
	205
	110
	175

	70
	210
	165
	245
	140
	210

	95
	250
	200
	295
	170
	255

	120
	295
	230
	340
	200
	295

	150
	340
	270
	390
	235
	335

	185
	390
	310
	440
	270
	385

	240
	465
	-
	-
	-
	-


Note: Permissible sustained currents for four-core cables with plastic insulation with voltage up to 1 kV may be chosen as per table 1.3.7 as for three-core cables, but with the factor 0.92.

Table 1.3.8. Permissible sustained current for portable cab-tire light and middle cords, portable cab-tire heavy cables, shaft flexible cab-tire, searchlight cables and portable copper core wires

	Current-conducting core section, mm2
	Current*, A, for cords, wires and cables

	
	Single core
	twin-core
	three-core

	

	0.5
	-
	12
	-

	0.75
	-
	16
	14

	1.0
	-
	18
	16

	1.5
	-
	23
	20

	2.5
	40
	33
	28

	4
	50
	43
	36

	6
	65
	55
	45

	10
	90
	75
	60

	16
	120
	95
	80

	25
	160
	125
	105

	35
	190
	150
	130

	50
	235
	185
	160

	70
	290
	235
	200


________________

* Currents apply for cords, wires and cables with the zero core and without it.

Table 1.3.9. Permissible sustained current for portable cab-tire copper core cables with rubber insulation for peat enterprises

	Current-conducting core section, mm2
	Current*, A, for cables with voltage, kV

	
	0.5
	3
	6

	

	6
	44
	45
	47

	10
	60
	60
	65

	16
	80
	80
	85

	25
	100
	105
	105

	35
	125
	125
	130

	50
	155
	155
	160

	70
	190
	195
	-


_____________

* Currents apply for cables with the zero core and without it.

Table 1.3.10. Permissible sustained current for portable cab-tire copper core cables with rubber insulation for mobile electrical appliances

	Current-conducting core section, mm2
	Current*, A, for cables with voltage, kV
	Current-conducting core section, mm2
	Current*, A, for cables with voltage, kV

	
	3
	6
	
	3
	6

	16
	85
	90
	70
	215
	220

	25
	115
	120
	95
	260
	265

	35
	140
	145
	120
	305
	310

	50
	175
	180
	150
	345
	350


__________________

* Currents apply for cables with the zero core and without it.

Table 1.3.11. Permissible sustained current for copper core wires with rubber insulation for electrified transport 1.3 and 4 kV

	Current-conducting core section, mm2
	Current, A
	Current-conducting core section, mm2
	Current, A
	Current-conducting core section, mm2
	Current, A

	1
	20
	16
	115
	120
	390

	1.5
	25
	25
	150
	150
	445

	2.5
	40
	35
	185
	185
	505

	4
	50
	50
	230
	240
	590

	6
	65
	70
	285
	300
	670

	10
	90
	95
	340
	350
	745


Table 1.3.12. Reduction factor for wires and cables

laid in boxes
	Method of laying 
	Quantity of laid

wires and cables
	Reduction factor for wires feeding

	
	single core
	multi-core
	single electrical appliances with use factor up to 0.7
	electrical appliance groups and single electrical appliances with use factor more than 0.7

	Multi-layers

and in bundles
	-
	Up to 4
	1.0
	-

	
	2
	5-6
	0.85
	-

	
	3-9
	7-9
	0.75
	-

	
	10-11
	10-11
	0.7
	-

	
	12-14
	12-14
	0.65
	-

	
	15-18
	15-18
	0.6
	-

	One-layer 
	2-4
	2-4
	-
	0.67

	
	5
	5
	-
	0.6


1.3.11. Permissible sustained currents for wires laid in trays in a single layer (not in bundles) should be assumed as for wires hung overhead.

Permissible sustained currents for wires and cables laid in boxes should be assumed as per tables 1.3.4-1.3.7 as for single wires and cables hung openly (hung overhead) applying reduction factors presented in table 1.3.12.

While selecting reduction factors control and spare wires and cables shall not be taken into account.

PERMISSIBLE SUSTAINED CURRENTS FOR CABLES WITH IMPREGNATED-PAPER INSULATION 

1.3.12. Permissible sustained currents for cables with up to 35 kV voltage with impregnated cable paper insulation in a lead, aluminum, polyvinylchloride sheath are assumed un accordance with permissible cable core temperatures:

	Rated voltage, kV.
	Up to 3
	6
	10
	20 and 35

	Permissible cable core temperature, °С
	+80
	+65
	+60
	+50


1.3.13. For cables laid underground permissible sustained currents are presented in tables 1.3.13, 1.3.16, 1.3.19-1.3.22. They are assumed on the basis of laying in a trench at a depth 0.7-1.0 m not more than one cable at soil temperature of +15 °С and soil resistivity of 120 cm·K/W.

Table 1.3.13. Permissible sustained current for copper core cables with impregnated-paper oil resin and non-draining compound insulation in lead sheath laid underground

	Current-conducting core section, mm2
	Current, A, for cables

	
	single core up to 1 kV
	twin-core up to 1 kV
	three-core with voltage, kV
	Four-core up to 1 kV

	
	
	
	up to 3
	6
	10
	

	6
	-
	80
	70
	-
	-
	-

	10
	140
	105
	95
	80
	-
	85

	16
	175
	140
	120
	105
	95
	115

	25
	235
	185
	160
	135
	120
	150

	35
	285
	225
	190
	160
	150
	175

	50
	360
	270
	235
	200
	180
	215

	70
	440
	325
	285
	245
	215
	265

	95
	520
	380
	340
	295
	265
	310

	120
	595
	435
	390
	340
	310
	350

	150
	675
	500
	435
	390
	355
	395

	185
	755
	-
	490
	440
	400
	450

	240
	880
	-
	570
	510
	460
	-

	300
	1000
	-
	-
	-
	-
	-

	400
	1220
	-
	-
	-
	-
	-

	500
	1400
	-
	-
	-
	-
	-

	625
	1520
	-
	-
	-
	-
	-

	800
	1700
	-
	-
	-
	-
	-


Table 1.3.14. Permissible sustained current for copper core cables with impregnated-paper oil resin and non-draining compound insulation in lead sheath laid in water

	Current-conducting core section, mm2
	Current, A, for cables

	
	Three-core with voltage, kV
	four-core up to 1 kV

	
	up to 3
	6
	10
	

	16 
	-
	135
	120
	-

	25
	210
	170
	150
	195

	35
	250
	205
	180
	230

	50
	305
	255
	220
	285

	70
	375
	310
	275
	350

	95
	440
	375
	340
	410

	120
	505
	430
	395
	470

	150
	565
	500
	450
	-

	185
	615
	545
	510
	-

	240
	715
	625
	585
	-


Table 1.3.15. Permissible sustained current for copper core cables with impregnated-paper oil resin and non draining compound insulation in lead sheath hung overhead

	Current-conducting core section, mm2
	Current, A, for cables

	
	single core up to 
	twin- core up to 
	Three-core with voltage, kV
	four-core up to 1 kV

	
	1 kV
	1 kV
	up to 3
	6
	10
	

	6
	-
	55
	45
	-
	-
	-

	10
	95
	75
	60
	55
	-
	60

	16
	120
	95
	80
	65
	60
	80

	25
	160
	130
	105
	90
	85
	100

	35
	200
	150
	125
	110
	105
	120

	50
	245
	185
	155
	145
	135
	145

	70
	305
	225
	200
	175
	165
	185

	95
	360
	275
	245
	215
	200
	215

	120 150
	415470
	320 375
	285 330
	250 290
	240 270
	260 300

	185
	525
	-
	375
	325
	305
	340

	240
	610
	-
	430
	375
	350
	-

	300
	720
	-
	-
	-
	-
	-

	400
	880
	-
	-
	-
	-
	-

	500
	1020
	-
	-
	-
	-
	-

	625
	1180
	-
	-
	-
	-
	-

	800
	1400
	-
	-
	-
	-
	-


Table 1.3.16. Permissible sustained current for aluminum core cables with impregnated-paper oil resin and non draining compound insulation in lead or aluminum sheath laid underground

	Current-conducting core section, mm2
	Current, A, for cables

	
	single core

up to 1 kV
	twin-core  up to 1 kV
	three core with voltage, kV
	four-core up to 1 kV

	
	
	
	up to 3
	6
	10
	

	6
	-
	60
	55
	-
	-
	-

	10
	110
	80
	75
	60
	-
	65

	16
	135
	110
	90
	80
	75
	90

	25
	180
	140
	125
	105
	90
	115

	35
	220
	175
	145
	125
	115
	135

	50
	275
	210
	180
	155
	140
	165

	70
	340
	250
	220
	190
	165
	200

	95
	400
	290
	260
	225
	205
	240

	120
	460
	335
	300
	260
	240
	270

	150
	520
	385
	335
	300
	275
	305

	185
	580
	-
	380
	340
	310
	345

	240
	675
	-
	440
	390
	355
	-

	300
	770
	-
	-
	-
	-
	-

	400
	940
	-
	-
	-
	-
	-

	500
	1080
	-
	-
	-
	-
	-

	625
	1170
	-
	-
	-
	-
	-

	800
	1310
	-
	-
	-
	-
	-


Table 1.3.17. Permissible sustained currents for aluminum core cables with impregnated-paper oil resin and non draining compound insulation in lead sheath laid in water

	Current-conducting core section, mm2
	Current, A, for cables

	
	three core with voltage, kV
	four-core up to 1 kV

	
	up to 3
	6
	10
	

	16
	-
	105
	90
	-

	25
	160
	130
	115
	150

	35
	190
	160
	140
	175

	50
	235
	195
	170
	220

	70
	290
	240
	210
	270

	95
	340
	290
	260
	315

	120
	390
	330
	305
	360

	150
	435
	385
	345
	-

	185
	475
	420
	390
	-

	240
	550
	480
	450
	-


Table 1.3.18. Permissible sustained current for aluminum core cables with impregnated-paper oil resin and non-draining compound insulation in lead or aluminum sheath hung overhead

	Current-conducting core section, mm2
	Current, A, for cables

	
	single core
	twin-core
	three core with voltage, kV
	four-core up to 1 kV

	
	up to 1 kV
	up to 1 kV
	up to 3
	6
	10
	

	6
	-
	42
	35
	-
	-
	-

	10
	75
	55
	46
	42
	-
	45

	16
	90
	75
	60
	50
	46
	60

	25
	125
	100
	80
	70
	65
	75

	35
	155
	115
	95
	85
	80
	95

	50
	190
	140
	120
	110
	105
	110

	70
	235
	175
	155
	135
	130
	140

	95
	275
	210
	190
	165
	155
	165

	120
	320
	245
	220
	190
	185
	200

	150
	360
	290
	255
	225
	210
	230

	185
	405
	-
	290
	250
	235
	260

	240
	470
	-
	330
	290
	270
	-

	300
	555
	-
	-
	-
	-
	-

	400
	675
	-
	-
	-
	-
	-

	500
	785
	-
	-
	-
	-
	-

	625
	910
	-
	-
	-
	-
	-

	800
	1080
	-
	-
	-
	-
	-



Table 1.3.19. Permissible sustained current for three copper core cables with 6 kV voltage with lean impregnated insulation in common lead sheath laid underground and hung overhead

	Current-conducting core section 

mm2
	Current, A, for cables laid
	Current-conducting core section, 

mm2
	Current, A, for cables laid

	
	underground
	overhead
	
	underground
	overhead

	16
	90
	65
	70
	220
	170

	25
	120
	90
	95
	265
	210

	35
	145
	110
	120
	310
	245

	50
	180
	140
	150
	355
	290



Table 1.3.20. Permissible sustained current for three aluminum core cables with 6 kV voltage with lean impregnated insulation in common lead sheath laid underground and hung overhead

	Current-conducting core section, 

mm2
	Current, A, for cables laid
	Current-conducting core section, mm2
	Current, A, for cables laid

	
	underground
	overhead
	
	underground
	overhead

	16
	70
	50
	70
	170
	130

	25
	90
	70
	95
	205
	160

	35
	110
	85
	120
	240
	190

	50
	140
	110
	150
	275
	225


Table 1.3.21. Permissible sustained current for cables with separate lead-covered copper cores with impregnated-paper oil resin and non draining compound insulation laid underground, in water and hung overhead

	Current-conducting core section, mm2
	Current, A, for three-core cables with voltage, kV

	
	20
	35

	
	laid

	
	underground
	in water
	overhead
	underground
	in water
	overhead

	25
	110
	120
	85
	-
	-
	-

	35
	135
	145
	100
	-
	-
	-

	50
	165
	180
	120
	-
	-
	-

	70
	200
	225
	150
	-
	-
	-

	95
	240
	275
	180
	-
	-
	-

	120
	275
	315
	205
	270
	290
	205

	150
	315
	350
	230
	310
	-
	230

	185
	355
	390
	265
	-
	-
	-


Table 1.3.22. Permissible sustained current for cables with separate lead-covered aluminum cores with impregnated-paper oil resin and non-draining compound insulation laid underground, in water and hung overhead

	Current-conducting core section, mm2
	Current, A, for three-core cables with voltage, kV

	
	20
	35

	
	laid

	
	underground
	in water
	overhead
	underground
	in water
	overhead

	25
	85
	90
	65
	-
	-
	-

	35
	105
	110
	75
	-
	-
	-

	50
	125
	140
	90
	-
	-
	-

	70
	155
	175
	115
	-
	-
	-

	95
	185
	210
	140
	-
	-
	-

	120
	210
	245
	160
	210
	225
	160

	150
	240
	270
	175
	240
	-
	175

	185
	275
	300
	205
	-
	-
	-


Table 1.3.23. Correction factor for permissible sustained current for cables laid underground depending on soil resistivity

	Soil characteristics 
	Soil resistivity cm·K/W
	Correction factor

	Sand with humidity more than 9%, sandy-clayey soil with humidity of more than 1%
	80
	1.05

	Normal soil and sand with humidity of 7-9%, sandy-clayey soil with humidity of more than 12-14% 
	120
	1.00

	Sand with humidity of more than 4 and less than 7%, sandy-clayey soil with humidity of more than 8-12% 
	200
	0.87

	Sand with humidity up to 4%, stony soil
	300
	0.75


If the soil resistivity differs from 120 cm·K/W, correction factors presented in table 1.3.23 are applied to current loads set forth in the above mentioned tables there.

1.3.14. For cables laid in water permissible sustained currents are presented in tables 1.3.14, 1.3.17, 1.3.21, 1.3.22. They are assumed on the basis of water temperature of +15°С.

1.3.15. For any quantity of cables hand overhead, laid indoors and outdoors and at air temperature of +25 °С permissible sustained currents are presented in tables 1.3.15, 1.3.18-1.3.22, 1.3.24, 1.3.25.

1.3.16. Permissible sustained currents for single cables laid underground in conduits must be assumed as for the same cables hung overhead at temperature equal to the soil temperature.

Table 1.3.24. Permissible sustained current for single copper core cables with impregnated-paper oil resin and non-draining compound insulation in lead sheath, unarmored, laid overhead

	Current-conducting core section, mm2
	Current*, A, for cables with voltage, kV

	
	up to 3
	20
	35

	10
	85/-
	-
	-

	16
	120/-
	-
	-

	25
	145/-
	105/110
	-

	35
	170/-
	125/135
	-

	50
	215/-
	155/165
	-

	70
	260/-
	185/205
	-

	95
	305/-
	220/255
	-

	120
	330/-
	245/290
	240/265

	150
	360/-
	270/330
	265/300

	185
	385/-
	290/360
	285/335

	240
	435/-
	320/395
	315/380

	300
	460/-
	350/425
	340/420

	400
	485/-
	370/450
	-

	500
	505/-
	-
	-

	625
	525/-
	-
	-

	800
	550/-
	-
	-


______________________

* The numerator presents currents for the cables located on the same plane with a clear distance of 35-125 mm, and the denominator – for cables located delta-like next to each other. 

1.3.17. With mixed cable laying permissible sustained currents must be assumed for the route section with the worst cooling conditions if its length exceeds 10 m. In such cases it is recommended to use inserted cables of a larger section.

1.3.18. While laying underground (including in conduits) several cables permissible sustained currents must be reduced by application of factors presented in table 1.3.26. In such cases spare cables must not be taken into account.

It is not recommended to lay underground several cables with a clear distance between them of less than 100 mm.

1.3.19. For oil- and gas-filled single-core armored cables as well as for other cables of new designs permissible sustained currents shall be set by manufacturing plants.

1.3.20. Permissible sustained currents for cables laid in blocks should be determined by the empirical equation
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where I0 is the permissible sustained current for three copper or aluminum core cables with 10 kV voltage, determined by table 1.3.27; a is the factor selected from table 1.3.28 depending on the section and position of the cable in the block; b- is the factor selected depending on the cable voltage.

	Cable rated voltage, kV 
	Up to 3 
	6
	10

	Factor b..........
	1.09 
	1.05 
	1.0 
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 is the factor selected depending on average daily load of the whole block: 

	average daily load Sa.d. / S rated.................
	1 
	0.85 
	0.7 

	Factor c
	1 
	1.07 
	1.16 


Table 1.3.25. Permissible sustained current for single aluminum core cables with impregnated-paper oil resin and non-draining compound insulation in lead or aluminum sheath, unarmored, hung overhead

	Current-conducting core section, mm2
	Current*, A, for cables with voltage, kV

	
	up to 3
	20
	35

	10
	65/-
	-
	-

	16
	90/-
	-
	-

	25
	110/-
	80/85
	-

	35
	130/-
	95/105
	-

	50
	165/-
	120/130
	-

	70
	200/-
	140/160
	-

	95
	235/-
	170/195
	-

	120
	255/-
	190/225
	185/205

	150
	275/-
	210/255
	205/230

	185
	295/-
	225/275
	220/255

	240
	335/-
	245/305
	245/290

	300
	355/-
	270/330
	260/330

	400
	375/-
	285/350
	-

	500
	390/-
	-
	-

	625
	405/-
	-
	-

	800
	425/-
	-
	-


_________________

* The numerator presents currents for the cables located on the same plane with a clear distance of 35-125 mm, and the denominator – for cables located delta-like close to each other. 

Table 1.3.26. Correction factor for the quantity of operating cables laid underground close to each other (in conduits or without them)

	Clear distance between cables, mm 
	Factor for cable quantity

	
	1
	2
	3
	4
	5
	6

	100
	1.00
	0.90
	0.85
	0.80
	0.78
	0.75

	200
	1.00
	0.92
	0.87
	0.84
	0.82
	0.81

	300
	1.00
	0.93
	0.90
	0.87
	0.86
	0.85


Table 1.3.27. Permissible sustained current for cables, kV, with 95 мм2 section copper or aluminum cores laid in blocks
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Table 1.3.28. Correction factor [image: image5.wmf]а

 for cable section

	Current-conducting core section, mm2
	Factor for the duct number in the block

	
	1
	2
	3
	4

	25
	0.44
	0.46
	0.47
	0.51

	35
	0.54
	0.57
	0.57
	0.60

	50
	0.67
	0.69
	0.69
	0.71

	70
	0.81
	0.84
	0.84
	0.85

	95
	1.00
	1.00
	1.00
	1.00

	120
	1.14
	1.13
	1.13
	1.12

	150
	1.33
	1.30
	1.29
	1.26

	185
	1.50
	1.46
	1.45
	1.38

	240
	1.78
	1.70
	1.68
	1.55


Spare cables may be laid in unnumbered ducts of the block provided they are used when operating cables are disconnected.

1.3.21. Permissible sustained currents for cables used in two parallel blocks of the same configuration must be reduced by multiplying by factors selected according to the distance between blocks.

	Distance between blocks, mm 
	500 
	1000 
	1500 
	2000 
	2500 
	3000 

	Factor ..........
	0.85 
	0.89 
	0.91 
	0.93 
	0.95 
	0.96 


PERMISSIBLE SUSTAINED CURRENTS FOR UNINSULATED
WIRES AND BUSES 

1.3.22. Permissible sustained currents for uninsulated wires and painted buses are presented in tables 1.3.29-1.3.35. They are assumed on the basis of the permissible temperature of their heating of +70°C at air temperature of +25 °С.

For hollow aluminum wires of ПА500 and ПА600 grades permissible sustained current should be assumed as: 

	Wire grade............
	ПA500 
	Пa600 

	Current, A………..
	1340 
	1680 


1.3.23. When rectangular section buses are placed flat, currents presented in table 1.3.33 must be reduced by 5% for buses with band width up to 60 mm and by 8% for buses with band width exceeding 60 mm. 

1.3.24. When selecting large section buses it is necessary to choose the most economical ones in terms of capacity conditions design solutions insuring minimum additional losses due to the surface effect and the proximity effect and the best cooling conditions (reduction of the number of bands in the package, rational package design, use of shaped buses etc.). 

Table 1.3.29. Permissible sustained current for uninsulated

wires according to GOST 839-80

	Rated section, mm2
	Section (aluminum/steel), mm2
	Current, A, for wire grades

	
	
	АС, АСКС, АСК, АСКП
	М
	А and АКП
	М
	А and АКП

	
	
	outside
	indoors
	Outside
	indoors

	10
	10/1.8
	84
	53
	95
	-
	60
	-

	16
	16/2.7
	111
	79
	133
	105
	102
	75

	25
	25/4.2
	142
	109
	183
	136
	137
	106

	35
	35/6.2
	175
	135
	223
	170
	173
	130

	50
	50/8
	210
	165
	275
	215
	219
	165

	70
	70/11
	265
	210
	337
	265
	268
	210

	95
	95/16
	330
	260
	422
	320
	341
	255

	
	120/19
	390
	313
	485
	375
	395
	300

	120
	120/27
	375
	-
	
	
	
	

	
	150/19
	450
	365
	570
	440
	465
	355

	150
	150/24
	450
	365
	
	
	
	

	
	150/34
	450
	-
	
	
	
	

	
	185/24
	520
	430
	650
	500
	540
	410

	185
	185/29
	510
	425
	
	
	
	

	
	185/43
	515
	-
	
	
	
	

	
	240/32
	605
	505
	760
	590
	685
	490

	240
	240/39
	610
	505
	
	
	
	

	
	240/56
	610
	-
	
	
	
	

	
	300/39
	710
	600
	880
	680
	740
	570

	300
	300/48
	690
	585
	
	
	
	

	
	300/66
	680
	-
	
	
	
	

	330
	330/27
	730
	-
	-
	-
	-
	-

	
	400/22
	830
	713
	1050
	815
	895
	690

	400
	400/51
	825
	705
	
	
	
	

	
	400/64
	860
	-
	
	
	
	

	
	500/27
	960
	830
	-
	980
	-
	820

	500
	500/64
	945
	815
	
	
	
	

	600
	600/72
	1050
	920
	-
	1100
	-
	955

	700
	700/86
	1180
	1040
	-
	-
	-
	-


Table 1.3.30. Permissible sustained current for circular and tube section buses

	Diame​ter, mm
	Circular buses
	Copper tubes
	Aluminum tubes
	Steel tubes

	
	Current*, A
	Internal and external diameters, mm
	Current, A
	Internal and external diameters, mm
	Current, A
	Nominal bore, mm
	Wall thickness, mm
	External diameter, mm
	Alternative current, A

	
	copper
	aluminum
	
	
	
	
	
	
	
	without cut
	with length cut

	6
	155/155
	120/120
	12/15
	340
	13/16
	295
	8
	2.8
	13.5
	75
	-

	7
	195/195
	150/150
	14/18
	460
	17/20
	345
	10
	2.8
	17.0
	90
	-

	8
	235/235
	180/180
	16/20
	505
	18/22
	425
	15
	3.2
	21.3
	118
	-

	10
	320/320
	245/245
	18/22
	555
	27/30
	500
	20
	3.2
	26.8
	145
	-

	12
	415/415
	320/320
	20/24
	600
	26/30
	575
	25
	4.0
	33.5
	180
	-

	14
	505/505
	390/390
	22/26
	650
	25/30
	640
	32
	4.0
	42.3
	220
	-

	15
	565/565
	435/435
	25/30
	830
	36/40
	765
	40
	4.0
	48.0
	255
	-

	16
	610/615
	475/475
	29/34
	925
	35/40
	850
	50
	4.5
	60.0
	320
	-

	18
	720/725
	560/560
	35/40
	1100
	40/45
	935
	65
	4.5
	75.5
	390
	-

	19
	780/785
	605/610
	40/45
	1200
	45/50
	1040
	80
	4.5
	88.5
	455
	-

	20
	835/840
	650/655
	45/50
	1330
	50/55
	1150
	100
	5.0
	114
	670
	770

	21
	900/905
	695/700
	49/55
	1580
	54/60
	1340
	125
	5.5
	140
	800
	890

	22
	955/965
	740/745
	53/60
	1860
	64/70
	1545
	150
	5.5
	165
	900
	1000

	25
	1140/1165
	885/900
	62/70
	2295
	74/80
	1770
	-
	-
	-
	-
	-

	27
	1270/1290
	980/1000
	72/80
	2610
	72/80
	2035
	-
	-
	-
	-
	-

	28
	1325/1360
	1025/1050
	75/85
	3070
	75/85
	2400
	-
	-
	-
	-
	-

	30
	1450/1490
	1120/1155
	90/95
	2460
	90/95
	1925
	-
	-
	-
	-
	-

	35
	1770/1865
	1370/1450
	95/100
	3060
	90/100
	2840
	-
	-
	-
	-
	-

	38
	1960/2100
	1510/1620
	-
	-
	-
	-
	-
	-
	-
	-
	-

	40
	2080/2260
	1610/1750
	-
	-
	-
	-
	-
	-
	-
	-
	-

	42
	2200/2430
	1700/1870
	-
	-
	-
	-
	-
	-
	-
	-
	-

	45
	2380/2670
	1850/2060
	-
	-
	-
	-
	-
	-
	-
	-
	-


____________________

* The numerator presents alternative current loads, the denominator – direct current loads.

Table 1.3.31. Permissible sustained current for rectangular section buses

	Sizes, mm
	Copper buses
	Aluminum buses
	Steel buses

	
	Current*, A, with the number of bands per pole or phase
	Sizes, mm
	Current*, A

	
	1
	2
	3
	4
	1
	2
	3
	4
	
	

	15х3
	210
	-
	-
	-
	165
	-
	-
	-
	16х2.5
	55/70

	20х3
	275
	-
	-
	-
	215
	-
	-
	-
	20х2.5
	60/90

	25х3
	340
	-
	-
	-
	265
	-
	-
	-
	25х2.5
	75/110

	30х4
	475
	-
	-
	-
	365/370
	-
	-
	-
	20х3
	65/100

	40х4
	625
	-/1090
	-
	-
	480
	-/855
	-
	-
	25х3
	80/120

	40х5
	700/705
	-/1250
	-
	-
	540/545
	-/965
	-
	-
	30х3
	95/140

	50х5
	860/870
	-/1525
	-/1895
	-
	665/670
	-/1180
	-/1470
	-
	40х3
	125/190

	50х6
	955/960
	-/1700
	-/2145
	-
	740/745
	-/1315
	-/1655
	-
	50х3
	155/230

	60х6
	1125/1145
	1740/1990
	2240/2495
	-
	870/880
	1350/1555
	1720/1940
	-
	60х3
	185/280

	80х6
	1480/1510
	2110/2630
	2720/3220
	-
	1150/1170
	1630/2055
	2100/2460
	-
	70х3
	215/320

	100х6
	1810/1875
	2470/3245
	3170/3940
	-
	1425/1455
	1935/2515
	2500/3040
	-
	75х3
	230/345

	60х8
	1320/1345
	2160/2485
	2790/3020
	-
	1025/1040
	1680/1840
	2180/2330
	-
	80х3
	245/365

	80х8
	1690/1755
	2620/3095
	3370/3850
	-
	1320/1355
	2040/2400
	2620/2975
	-
	90х3
	275/410

	100х8
	2080/2180
	3060/3810
	3930/4690
	-
	1625/1690
	2390/2945
	3050/3620
	-
	100х3
	305/460

	120х8
	2400/2600
	3400/4400
	4340/5600
	-
	1900/2040
	2650/3350
	3380/4250
	-
	20х4
	70/115

	60х10
	1475/1525
	2560/2725
	3300/3530
	-
	1155/1180
	2010/2110
	2650/2720
	-
	22х4
	75/125

	80х10
	1900/1990
	3100/3510
	3990/4450
	-
	1480/1540
	2410/2735
	3100/3440
	-
	25х4
	85/140

	100х10
	2310/2470
	3610/4325
	4650/5385
	5300/6060
	1820/1910
	2860/3350
	3650/4160
	4150/4400
	30х4
	100/165

	120х10
	2650/2950
	4100/5000
	5200/6250
	5900/6800
	2070/2300
	3200/3900
	4100/4860
	4650/5200
	40х4
	130/220

	
	
	
	
	
	
	
	
	
	50х4
	165/270

	
	
	
	
	
	
	
	
	
	60х4
	195/325

	
	
	
	
	
	
	
	
	
	70х4
	225/375

	
	
	
	
	
	
	
	
	
	80х4
	260/430

	
	
	
	
	
	
	
	
	
	90х4
	290/480

	
	
	
	
	
	
	
	
	
	100х4
	325/535


________________

* The numerator presents alternative current values, the denominator – direct current values.

Table 1.3.32. Permissible sustained current for uninsulated bronze and steel bronze wires 

	Wire
	Wire grade 
	Current*, A

	

	Bronze
	Б-50
	215

	
	Б-70
	265

	
	Б-95
	330

	
	Б-120
	380

	
	Б-150
	430

	
	Б-185
	500

	
	Б-240
	600

	
	Б-300
	700

	Steel bronze
	БС-185
	515

	
	БС-240
	640

	
	БС-300
	750

	
	БС-400
	890

	
	БС-500
	980


________________

* Currents are presented for bronze with resistivity (20 = 0.03 Ω·mm2/m.

Table 1.3.33. Permissible sustained current for uninsulated steel wires

	Wire grade
	Current, A
	Wire grade
	Current, A

	ПСО-3
	23
	ПС-25
	60

	ПСО-3,5
	26
	ПС-35
	75

	ПСО-4
	30
	ПС-50
	90

	ПСО-5
	35
	ПС-70
	125

	
	
	ПС-95
	135


Table 1.3.34. Permissible sustained current for four band buses with bands placed on the sides of the square (“hollow package”)
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	Sizes, mm
	Four band bus section, mm2
	Current, A, per bus package
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	copper
	aluminum

	80
	8
	140
	157
	2560
	5750
	4550

	80
	10
	144
	160
	3200
	6400
	5100

	100
	8
	160
	185
	3200
	7000
	5550

	100
	10
	164
	188
	4000
	7700
	6200

	120
	10
	184
	216
	4800
	9050
	7300


Table 1.3.35. Permissible sustained current for box section buses
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	Sizes, mm
	One bus section, mm2
	Current, A, for two buses
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	copper
	aluminum

	75
	35
	4
	6
	520
	2730
	-

	75
	35
	5.5
	6
	695
	3250
	2670

	100
	45
	4.5
	8
	775
	3620
	2820

	100
	45
	6
	8
	1010
	4300
	3500

	125
	55
	6.5
	10
	1370
	5500
	4640

	150
	65
	7
	10
	1785
	7000
	5650

	175
	80
	8
	12
	2440
	8550
	6430

	200
	90
	10
	14
	3435
	9900
	7550

	200
	90
	12
	16
	4040
	10500
	8830

	225
	105
	12.5
	16
	4880
	12500
	10300

	250
	115
	12.5
	16
	5450
	-
	10800


SELECTION OF CONDUCTORS AS PER ECONOMICAL CURRENT DENSITY

1.3.25. Conductor sections must be checked for economical current density. Economically feasible section [image: image16.wmf]S

, mm2, shall be determined by the formula 
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where I is the rated current at the hour of an energy system maximum, A, Jec is the normalized value of the economical current density, A/mm2, for given conditions of operation selected as per table 1.3.36.

The section obtained as a result of the said calculation shall be rounded up to the closest standard section. The rated current shall be assumed for normal operation mode, i.e. the current increase in postemergency and repair modes of the mains shall not be taken into account.

1.3.26. The selection of wire sections of DC and AC power transmission lines with 330 kV voltage and higher as well as lines of intersystem connections and powerful rigid and flexible current-conducting wires operating with a big amount of hours of maximum use shall be made on the basis of technical-economic calculations.

1.3.27. Increase of the amount of lines and mains above the required according to electricity supply reliability conditions with the purpose of compliance with economical current density shall be made on the basis of technical-economic calculations. At this, in order to prevent increase, the amount of lines and mains twofold exceeding of the normalized values presented in the table 1.3.36. shall be allowed.

Table 1.3.36. Economical current density
	Conductors
	Economical current density А/mm2, with the number of hours of the load maximum use per year 

	
	more than 1000 to 3000
	more than 3000 to 5000
	more than 5000

	Uninsulated wires and buses:
	
	
	

	copper
	2.5
	2.1
	1.8

	aluminum
	1.3
	1.1
	1.0

	Cables with paper and wires with rubber and polyvinylchloride insulation with cores:
	
	
	

	copper
	3.0
	2.5
	2.0

	aluminum
	1.6
	1.4
	1.2

	Cables with rubber and plastic insulation with cores:
	
	
	

	copper
	3.5
	3.1
	2.7

	aluminum
	1.9
	1.7
	1.6


Technical-economic calculations should take into account all investments in an additional line including the equipment and distribution device chambers at both ends of the line. The expediency of the line voltage increase should be also checked. 

These instructions should be also followed during replacement of the existing wires by larger section wires or laying of additional lines to insure economical current density at the load increase. In such cases the total cost of all works during disassembly and assembly of the line equipment including the cost devices and materials must be taken into account. 

1.3.28. Economical current density of the following is not subject to check:

Industrial enterprises and structures mains with voltage of up to 1 kV with the number of hours of enterprises maximum load use up to 4000-5000; 

tapping to separate electrical appliances with voltage up to 1 kV as well as lighting mains of industrial enterprises, residential and public buildings;

electrical installation collecting buses and buses within open and closed distribution devices of all voltage;

conductors routed to resisters, starter rheostats etc;

mains of temporary facilities as well as devices with operating life of 3-5 years. 

1.3.29. When using table 1.3.36 the following must be taken into account (also see 1.3.27):

1. With the maximum load at night economical current density increases by 40%.

2. For insulated conductors of 16 mm2 section and less economical current density increases by 40%.

3. For lines with the same section with [image: image18.wmf]n

tapping loads economical current density at the beginning of the line can be increased in [image: image19.wmf]y
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 are the lengths of separate sections of the line; [image: image24.wmf]L

 is the total length of the line.

4. When selecting sections of wires for power supply to [image: image25.wmf]n

 one type, mutually backing up electrical appliances (for example, water supply pumps, converter units etc.) from which [image: image26.wmf]m

are operational at the same time, economical current density can be increased according to values presented in table 1.3.36, in [image: image27.wmf]n
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1.3.30. The section of 35 kV high-voltage line wire in rural areas feeding 35/6 – 10 kV step-down substations with transformers with voltage regulation under load shall be selected as per economical current density. When selecting wire sections it is recommended to assume rated load for the next 5 years starting counting from the year of the high-voltage line commissioning. For 35 kV high-voltage lines intended for backing up in 35 kV mains in rural areas the wire sections with minimum permissible sustained current must be used based on supply of power to consumers in postemergency and repair modes.

1.3.31. Economical sections of wires for overhead lines and cores of cable lines having intermediate power take-offs should be selected for every section of the lines based on appropriate rated currents of sections of the lines. In such cases for neighboring sections of the lines it is allowed to assume the same wire section corresponding to the economical one for the longest section of the line, if the difference between the economical section values for these lines sections is within one stage of the standard section scale. The wire sections at tappings up to 1 km long shall be assumed equal to those of high-voltage lines from which the tapping is made. For longer tapping the economical section shall be determined according to the rated load of this tapping.

1.3.32. For 6-20 kV power transmission lines the values of current density presented in table 1.3.6 shall be allowed only when they do not cause deviation of voltage at the electrical appliances above permissible limits with used voltage regulation and reactive power compensation devices taking into account.

CHECK OF CONDUCTORS AS PER CORONA DISCHARGE CONDITIONS AND INTERFERENCE 

1.3.33. With voltage up to 35 kV and higher the conductors shall be checked as per corona discharge conditions taking into account average yearly values of density and air temperature at the height of location of this electrical installation above sea level, equivalent radius of the conductor as well as the factor of conductor unsmoothness.

In such cases the highest field strength near the surface of any of the conductors determined with average operational voltage must not exceed 0.9 of the initial electric-field strength corresponding to occurrence of the common corona.

The check shall be performed according to the applicable guidelines.

In addition the check of conductors for permissible limits of interference caused by the corona is also required.

Chapter 1.4

SELECTION OF ELECTRICAL DEVICES AND CONDUCTORS 

AS PER SHORT CIRCUIT CONDITIONS 

SCOPE 

1.4.1. The present chapter of the Code shall cover selection and use of electrical devices and conductors in AC electrical installations with frequency 50 Hz and voltage up to 1 kV as per short circuit conditions.

GENERAL REQUIREMENTS

1.4.2. The following shall be checked as per short circuit mode (for exceptions see 1.4.3):

1. In electrical installations with voltage higher than 1 kV:

a) electrical devices, current-conducting wires, cables and other conductors as well as supporting and bearing structures for them;

b) overhead power transmission lines with surge short circuit current of 50 kA and higher to prevent crossing of wires under dynamic impact of surge short circuit currents.

Besides, for lines with bundle wires there must be checked distances between bundle wire spacers to prevent damage of spacers and wires in case crossing. 

High-voltage line wires fitted with devices for fast automatic reclosing should be also checked for heat resistance. 

2. In electrical installations up to 1 kV – only switchboards, current-conducting wires and power cabinets. Current transformers shall not be checked for short circuit conditions.

Devices designed for interruption of short circuit currents, or which, due to their operation conditions, can make a short circuited contour, must, it addition, be able to carry out these operations with all possible short circuit currents.

Devices and conductors are considered resistant to short circuit currents when, under rated conditions, they sustain the impact of these currents without suffering electrical, mechanical and other damages and deformations hampering their further normal operation.

1.4.3. The following equipment operating with voltage higher than 1 kV shall not be checked for short circuit conditions:

1. Devices and conductors protected by safety fuses with fuse elements for the rated current of up to 60 A – as per electrodynamic strength.

2. Devices and conductors protected by safety fuses regardless of their rated current and type - as per heat resistance.

A circuit is considered protected by a safety fuse if its interrupting capacity was selected according to the requirements of this Code and it is able to interrupt the minimum possible emergency current in this circuit.

3. Conductors in circuits connected to individual electrical appliances including workshop transformers of the total power up to 2.5 MW·А with the largest voltage up to 20 kV, if the following requirements are met simultaneously:

a) for electrical and process parts the required level of redundancy is provided so that disconnection of the said electrical appliances does not cause disruption of technological process; 

b) damage of a conductor upon occurrence of short circuit can not cause fire or explosion; 

c) replacement of a conductor is possible without significant difficulties

4. Conductors to individual electrical appliances presented in clause 3 as well as to separate small distribution points, if according to their design such electrical appliances and distribution points are not responsible, and, at least, the condition, presented in clause 3.6, is applied to them.

5. Current transformers in circuits up to 20 kV, feeding transformers or reactive lines, when the selection of current transformers as per short circuit conditions requires such an increase of the transformation factor with which the necessary accuracy class of connected instruments (for example, sale meters) can not be provided; in such cases on the high voltage side in power transformer circuits it is recommended to avoid using the current transformers not resistive to short circuit current, and it is recommended to connect metering devices to the low voltage side of current transformers. 

6. High-voltage line wires (see also 1.4.2, clause 1, b).

7. Devices and buses of voltage transformer circuits located in a separate chamber or downstream the additional resistor incorporated in the fuse or installed separately.

1.4.4. When selecting a design diagram for the determination of short circuit currents, one should proceed on the basis of the conditions of its continuous operation envisaged for this electrical installation and not take into account short term changes of this electrical installation diagram not envisaged for its long term operation (for example, during switching over). Repair and postemergency modes of an electrical installation operation are not treated as short term changes of the diagram.

The design diagram must take into account the prospects of development of external mains and generating sources to which the considered installation will be electrically connected for not less than 5 years from the time of its planned commissioning. 

In such cases it is allowed to calculate short circuit currents approximately for the initial moment of short circuit.

1.4.5. As a rated type the short circuit should be assumed:

1. For determination of the electrodynamic strength of devices and rigid buses with their appropriate supporting and bearing structures – three-phase short circuit.

2. For determination of the heat resistance of devices and conductors – three-phase short circuit; for generated voltage of electrical installations – three-phase or two-phase ones depending on which one causes stronger heating.

3. For selection of devices as per switching capacity – as per greater value obtained for cases of three-phase and two-phase ground short circuit (in mains with big ground short circuit currents); if the breaker is characterized by two values of switching capacity – three phase and two-phase – as per two values, respectively.

1.4.6. The rated short circuit current should be determined based on the damage condition in the point of the considered circuit, upon occurrence of short circuit in which, devices and conductors are in more difficult conditions (for exceptions see 1.4.7 and 1.4.17, clause 3). The cases of simultaneous ground short circuit of different phases in two different points may not be taken into account.

1.4.7. In lines with reactors in closed distribution devices, conductors and devices upstream the reactor and separated from feeding collecting buses (on tappings from lines – from the main circuit elements) by separating shelves, covers etc., shall be selected as per short circuit current downstream the reactor provided the latter is located in the same building and the connection is made with buses.

Bus tappings from collecting buses to separating shelves and partition insulators in the latter must be selected based on short circuit upstream the reactor.

1.4.8. When calculating the thermal heat as the estimate time one should assume the sum of periods of time obtained by addition of the operating time of the main protection (with the automatic recloser operation taken into account) installed near the closest to the short circuit breaker and the total inoperative time of this breaker (including the time of arcing).

Provided the main protection has a dead zone (for current, voltage, resistance etc.), the heat resistance shall be additionally checked based on operating time of the protection responding to damages in this zone plus the total inoperative time of this breaker. In such case the value of the short circuit current corresponding to this place of damage should be assumed as the rated one.

The equipment and current-conducting wires used in circuits of generators with power of 60 MW and more as well as in circuits of generator-transformer units of the same power shall be checked for heat resistance based on the short circuit current passage time equal to 4 s.

DETERMINATION OF SHORT CIRCUIT CURRENTS 

FOR SELECTION OF DEVICES AND CONDUCTORS 

1.4.9. In the electrical installations up to 1 kV and higher the following should be taken into account while determining short circuit currents for device and conductor selection and impact on bearing structures.

1. All power supplies feeding the considered point of short circuit operate simultaneously with the rated load.

2. All synchronous machines have automatic voltage regulators and field forcing devices.

3. Short circuit occurs at the moment when the short circuit current has the maximum value.

4. The electromotive forces of all power supplies match in phase.

5. The rated voltage at each stage shall be assumed by 5% higher than the rated voltage of the mains.

6. The impact of synchronous compensators, synchronous and asynchronous motors on short circuit currents connected to this mains must be taken into account. The impact of asynchronous motors on short circuit currents shall not be taken into account at electrical motors with power up to 100 kV in a unit, if the electrical motors are separated from the short circuit point by one transformation stage, as well as with any power if they are separated from the short circuit point by two or more transformation stages, or if the current from them can be routed to the point of short circuit via elements through which passes the main short circuit current from the mains and which have significant resistance (lines, transformers etc.).

1.4.10. In electrical installations with voltage higher than 1 kV the inductive resistance of electrical machines, power transformers and autotransformers, reactors, overhead and cable lines, as well as current-conducting wires should be assumed as the rated one. Active resistance should be taken into account only for high-voltage lines with small sections and steel wires as well as for long small section cable nets with big active resistance.

1.4.11. In electrical installations up to 1 kV inductive and active resistance of all elements of the circuit including active resistance of the circuit make-before-break contacts should be assumed as the rated one. It is allowed to ignore the resistance of one type (active or inductive), provided the total resistance of the circuit reduces by not more than 10%.

1.4.12. If electrical mains up to 1 kV are powered from step-down transformers, during calculation of the short circuit currents one should proceed from the condition that voltage applied to the transformer is invariable and equal to its rated voltage.

1.4.1З. The electrodynamic strength of elements of a circuit protected by a safety fuse with current-limiting action should be checked according to the maximum instantaneous value of the short circuit current passing through the fuse.

SELECTION OF CONDUCTORS AND INSULATORS, CHECK OF BEARING 

STRUCTURES ACCORDING TO CONDITIONS OF DYNAMIC IMPACT 

OF SHORT CIRCUIT CURRENTS

1.4.14. Forces applied to rigid buses and transferred by them to insulators and rigid supporting structures should be calculated according to the largest instantaneous value of the short circuit three-phase current [image: image30.wmf]y
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 with difference between currents in phases taken into account and without mechanical oscillation of the bus structure taken into account. In specific cases (for instance, at ultimate rated mechanical stress) mechanical oscillation of buses and bus structures may be taken into account.

Force impulses applied to flexible conductors and insulators, outputs and structures supporting them, shall be calculated according to the root mean square (during the time of passage) current of two-phase closing between adjacent phases. When using bundle wires and flexible current-conducting wires, short circuit interaction in the conductors of the same phase shall be determined according to the current value of three-phase short circuit current.

Flexible current-conducting wires must be checked for crossing.

1.4.15. Obtained by calculation according to 1.4.14 mechanical forces transferred by rigid buses during occurrence of a short circuit to supporting and partition insulators must make up in case of use of single insulators not more than 60% of appropriate guaranty values of the minimum break-down force; when using twin supporting insulators – not more than 100% of one insulator break-down force.

When using combined shaped buses (multiband, made of two channels etc.) mechanical stress shall be determined as the arithmetical sum of stresses from phase interaction and interaction of elements of each bus.

The greatest mechanical stresses in the material of rigid buses must not exceed 0.7 of the rupture strength as per GOST.

SELECTION OF CONDUCTORS ACCORDING TO HEATING AT SHORT CIRCUIT 

1.4.16. The temperature of conductor heating upon occurrence of a short circuit shall not exceed the following rated values, °С:

Buses:
	copper 
	300 

	aluminum  
	200 

	steel without direct connections with devices
	400 

	steel with direct connection with devices
	300 


Cables with impregnated-paper insulation for voltage, kV:

	up to 10
	200 

	20-220
	125 


Cables and insulated wires with copper and aluminum cores and insulation:

	polyvinylchloride and rubber 
	150

	polyethylene 
	120


Copper uninsulated wires with stress, N/mm2:

	less than 20 
	250

	20 and more 
	200


Aluminum uninsulated wires with stress, N/mm2:

	less than 10 
	200

	10 and more 
	160

	Aluminum part of steel and aluminum wires
	200


1.4.17. When it is required in accordance with 1.4.2 and 1.4.3, check of cables for heating by short circuit current shall be carried out for:

1) single cables with the same factory length taking into account short circuit at the beginning of the cable; 
2) single cables with stage sections along the length taking into account short circuit at the beginning of every new section;
3) a bundle of two and more cables connected in parallel taking into account short circuit immediately downstream the bundle (as per short circuit through current).
1.4.18. When checking for heat resistance, devices and line conductors fitted with devices of fast-operating automatic reclosing, increase of heating due to increase of the total duration of short circuit current passage through these lines must be taken into account.
When checking for heating under short circuit conditions bundle wires shall be considered as one wire of the total section.
SELECTION OF DEVICES AS PER SWITCHING CAPACITY
1.4.19. Breakers above 1 kV should be selected:
1) as per breaking capacity with recovery voltage parameters taken into account;
2) as per making capacity. At this the generator breakers installed on the generating voltage side shall be checked only for non-synchronous making under the conditions of reversed phase.
1.4.20. Fuses should be selected as per breaking capacity. In such cases the effective value of initial short circuit current periodic component without fuse current-limiting capacity taken into account should be assumed as the rated current.

1.4.21. Load break switches and short-circuiting switches should be selected as per current-carrying capacity occurring during fault close-in.

1.4.22. Check of isolating switches and disconnecting links for switching capacity during a short circuit is not required. When using isolating switches and disconnecting links for breaking-making unloaded lines, unloaded transformers or compensating currents of parallel lines, isolating switches and disconnecting links should be checked for such breaking-making mode.

Chapter 1.5

ELECTRIC ENERGY METERING 

SCOPE, DEFINITIONS 

1.5.1. The present chapter of the Code contains requirements for electric energy metering in electrical installations. Additional requirements for electric energy metering in residential and public buildings are presented in chapter 7.1.

1.5.2. Sale metering of electric energy is metering of produced and supplied to consumers electric energy with the latter being subject to payment.

Meters installed for sale metering are sale meters.

1.5.3. Technical (control) metering of electric energy is metering for control of consumption of energy inside electricity generating plants, substations, enterprises, in buildings, flats etc.

Meters installed for technical metering are technical meters.

GENERAL REQUIREMENTS 

1.5.4. Metering of active electric energy must insure determination of the quantity of energy: 

1) produced by electricity generating plant generators;
2) consumed for own and economic (separately) needs of electricity generating plants and substations;
3) supplied to consumers through the lines outgoing from an electricity generating plant buses directly to consumers;
4) transmitted to other energy systems or received from them;
5) supplied to consumers from an electric mains.
Besides, metering of active electric energy must provide a possibility of:
determination of electric energy input into electric mains of different voltage classes of an energy system;
preparation of electric energy balances for autonomous business units of an energy system;
monitoring of observation by consumers of consumption modes and electric energy balances provided for them.
1.5.5. Metering of reactive electric energy must provide a possibility to determine the quantity of reactive electric energy received by the consumer from the power supply organization or transferred to the latter only if payment is made as per these data or compliance of the standard conditions of compensating devices is monitored.
POINTS OF INSTALLATION OF ELECTRIC ENERGY METERS 

1.5.6. It is recommended to install meters for settlement of the power supplying organization with electric energy consumers at the border of the mains separation (as per balance participation) of the power supplying organization and the consumers.
1.5.7. Sale meters of active electric energy at the power generating plant must be installed:

1) for each generator, so all electric energy produced by a generator can be metered;

2) for all connections of generating voltage buses with an option of reverse operation – two meters with locks; 

3) for intersystem power transmission lines – two meters with locks metering supplied and received electric energy;

4) for lines of all voltage classes outgoing from power generating plant buses and belonging to consumers (see also 1.5.10). 

For all lines up to 10 kV outgoing from electricity generating plant buses, metering circuits and terminal blocks must provided (see 1.5.23) as well as places for installation of meters;

5) for all transformers and lines feeding buses of the main voltage (more than 1 kV) of auxiliaries.

Meters shall be installed on the high voltage side; if the auxiliary transformers of an electricity generating plant are fed from buses with voltage of 35 kV and higher or tappings from units of more than 10 kV voltage, meters may be installed on the lower voltage side of the transformers.

6) for lines of economic needs (for example, power for machines and installations of repair and production works) and outside consumers, connected to the switchboard of electricity generating plant auxiliaries; 

7) for each bypass switch or bus connection (unit to unit) breaker used as a bypass one for connections with sale meters – two meters with locks.

At the electricity generating plants fitted with centralized data acquisition and processing systems the said systems should be used for centralized sale and technical metering of electric energy. At other electricity generating plants it is recommended to use a computer-controlled system of electric energy metering. 

1.5.8. At 1 MW electricity generating plants the sale meters of active electric energy must be installed only for auxiliary transformers or only for auxiliary transformer and outgoing lines. 

1.5.9. Sale meters of active electric energy at the substation of an energy system must be installed:

1) for each outgoing power transmission line belonging to consumers (see also 1.5.10);

2) for intersystem power transmission lines – two meters with locks metering supplied and received electric energy; if there are tappings from these lines to other energy systems - two meters with locks metering received and supplied electric energy at inputs of these energy system substations;

3) at auxiliary transformers;

4) for lines of economic needs or outside consumers (village etc.), connected to auxiliary buses.

5) for each bypass switch or bus connection (unit to unit) breaker used as a bypass one for connections with sale metering – two meters with locks.

For all lines up to 10 kV metering circuits and terminal blocks must provided (see 1.5.23), as well as places for installation of meters.

1.5.10. Sale meters envisaged in accordance with 1.5.7, clause 4 and 1.5.9, clause 1, may be installed not at the supplying, but the receiving end of the consumer line when current transformers at electricity generating plants and substations selected as per short circuit current or differential protection characteristics of buses do not provide required accuracy of electric energy metering.

1.5.11. Sale meters of active electric energy at the substation belonging to the consumer must be installed:

1) at the input (receiving end) of the power transmission line to the consumer’s substation in accordance with 1.5.10, provided there is no electrical communication with another energy system substation or another consumer at feed voltage;

2) on the higher voltage side of the consumer substation transformers provided there is electrical communication with another energy system substation or another consumer at feed voltage.

It is allowed to install meters on the low voltage side of transformers when current transformers selected as per short circuit current or differential protection characteristics of buses do not provide required accuracy of electric energy metering and also when the existing built-in transformers have no winding of accuracy class of 0.5.

In cases when installation of additional sets of current transformers on the low voltage side of power transformers to include sale meters is not possible (switchgear and control gear, voltage switchgear and control gear) metering may be carried out on 6-10 kV outgoing lines.

For an enterprise paying power supplying organizations according to maximum requested power there should be arranged installation of a meter with indication of maximum load, if there is one metering point; if there are two or more metering points, a computer-controlled system of electric energy metering should be used.

3) on the middle and low voltage side of power transformers, if on the high voltage side the use of metering transformers is not required for other purposes.

4) at auxiliary transformers, if electric energy supplied for auxiliaries is not metered by other meters; in such case it is recommended to install meters on the low voltage side;

5) at the border line of the main consumer and outside consumer (subconsumer), if an outside consumer, being on independent balance, is fed from the line or transformers of the consumer.

For consumers of each rating group separate sale meters should be installed.

1.5.12. Reactive electric energy meters must be installed:

1) on the same elements of the circuit where are installed active electric energy meters for consumers paying for electric energy with reactive power allowed for use taken into account; 

2) on connections of reactive power sources of consumers if payment as per them is made for electric energy supplied to the energy system mains or standard conditions of operation are monitored.

If by consent of the energy system reactive power is supplied to the energy system mains from the side of an enterprise, it is necessary to install two reactive electric energy meters with locks on the circuit elements where the active electric energy sale meter is installed. In all other cases one reactive electric energy meter with a lock must be installed.

For enterprises paying energy supplying organizations according to maximum allowed reactive power there should be arranged installation of a meter with indication of maximum load; if there are two or more metering points, a computer-controlled system of electric energy metering should be used.

REQUIREMENTS FOR SALE METERS

1.5.13. Each installed sale meter must have a seal with a state verification officer’s stamp on screws fastening the meter enclosure, and the seal of the energy supplying organization – on the clamping cover.

On newly installed three-phase meters there must be seals of the state verification body valid for not more than 12 months, and on one-phase meters - valid for not more than 2 years.

1.5.14. Metering of active and reactive three-phase current electric energy must be carried out using three-phase meters.

1.5.15. Admissible accuracy classes of sale meters of active electric energy for different metering facilities are presented below:

	Generators with power more than 50 MW, intersystem power transmission lines with 220 kV and higher, transformers with power 63 MV·А and more 
	0.5 (0.7)*

	Generators with power 12-50 MW, intersystem power transmission lines 110-150 kV, transformers with power 10-40 MV·А 
	1.0 

	Other metering facilities 
	2.0 


___________________

*The value given in parentheses is valid for imported meters.

The accuracy class of reactive electric energy meters must be selected one level lower than the appropriate accuracy class active electric energy meters. 

METERING WITH THE USE OF MEASURING TRANSFORMERS

1.5.16. The accuracy class of current and voltage transformers for connection of sale electric energy meters must be not more than 0.5. Voltage transformers with the accuracy class of 1.0 may be used for connection of sale meters of the accuracy class of 2.0.

The use of current transformers with the accuracy class of 1.0 as well as built-in transformers with the accuracy class lower than 1.0 is allowed for the connection of technical meters, if achieving the accuracy class of 1.0 requires installation of additional sets of current transformers.

Voltage transformers used for connection of technical meters may have the accuracy class lower than 1.0.

1.5.17. It is allowed to use current transformers with increased transformation factor (according to electrodynamic strength and heat resistance or bus protection conditions), if at maximum load of connection the current in the secondary winding of the current transformer makes up not less than 40% of the rated meter current, and at minimum operational load – not less than 5%.

1.5.18. Connection of current winding of meters with secondary windings of current transformers should be usually performed separately from protection circuits and along with electrical measuring instruments.

It is allowed to perform common connection of current circuits if their separate connection requires the installation of additional current transformers, and common connection does not cause reduction of accuracy class and reliability of the current transformer circuits, used for metering, and provides the required characteristics of relay protection devices.

The use of intermediate current transformers for connection of sale meters is prohibited (for exceptions see 1.5.21).
1.5.19. The load of secondary winding of measuring transformers the meters are connected to must not exceed the rated values.
The section and length of wires and cables in the sale meter voltage circuits must be selected so that voltage loss in these circuits makes not more than 0.25% of the rated voltage when feeding from the voltage transformers with the accuracy class of 0.5 and not more than 0.5% when feeding from the voltage transformers with the accuracy class of 1.0. To comply with these requirements it is allowed to use separate cables from the voltage transformers to the meters.
Loss of voltage from the voltage transformers to the technical meters shall make up not more than 1.5% of the rated voltage.
1.5.20. For connection of sale meters on power transmission lines with 100 kV and higher it is allowed to install additional current transformers (when secondary windings for connection of meters are not available, to insure meter operation according to the required accuracy class, under conditions of load on secondary windings etc.). Also see 1.5.18.
1.5.21. For 100 and 220 kV bypass switches with built-in current transformers it is allowed to reduce the accuracy class of these current transformers by one level with regard to the one presented in 1.5.16.
For a 110 kV bypass switch and 110 kV bus connection (unit to unit) breaker used as a bypass switch with separately located current transformers (having not more than three secondary windings) it is allowed to connect the meter current circuits along with the protection circuits using intermediate transformers with the accuracy class not higher than 0.5; in such cases the current transformer accuracy class may be reduced by one level.
Such connection of meters and reduction of current transformer accuracy class is allowed for the 220 kV bus connection (unit to unit) breaker used as a bypass switch with separately located current transformers, and for the 110-220 kV breaker with built-in current transformers.

1.5.22. To feed meter circuits both one-phase and three-phase voltage transformers, including those with four and five limbs used for insulation check, may be used. 

1.5.23. Metering circuits should be brought out to separate terminal blocks or sections in the common row of terminals. If terminal blocks are not available, test blocks should be installed. 

Terminals must insure short-circuiting of the current transformer secondary circuits, breaking of the meter current circuits and voltage circuits in every phase of the meters during their replacement or check as well as connection of the test meter without disconnection of wires and cables.

The design of sale meter terminal blocks and boxes must provide a possibility of their sealing.

1.5.24. Voltage transformers used only for metering and protected on the high voltage side by fuses shall have facilities of control of fuse integrity.

1.5.25. When using several bus systems and connecting each voltage transformer only to its own bus system a device for meter circuit switching over for each connection to the voltage transformers of appropriate bus systems must be provided. 

1.5.26. At consumer substations the design of grids and doors of chambers where fuses are installed on the high voltage side of voltage transformers used for sale metering must provide a possibility of their sealing.

The handles of the voltage transformer disconnecting link drives, used for sale metering, shall have the capacity to be sealed.

INSTALLATION OF METERS AND WIRING FOR THEM 

1.5.27. Meters shall be located in easily accessible for maintenance dry rooms, in a quite large place without obstructions that may impede working; in winter the temperature must not be lower than 0°C.

It is prohibited to install meters of common industrial version in rooms, where due to production conditions the temperature may often exceed +40°С as well as in rooms with aggressive environment.

It is allowed to install meters in unheated rooms and corridors of distributing facilities of electricity generating plants as well as in cabinets designed for installation outdoors. In such cases their stationary winterisation must be provided with the use of winter cabinets, domes with heating of air by electrical lamps or heating elements in order to maintain inside the dome a positive temperature, but not more than +20°С.

1.5.28. Meters designed for metering electric energy produced by the electricity generating plant generators should be installed in rooms with average ambient air temperature +15[image: image31.wmf]¸

+25°С. If such rooms are not available, it is recommended to install meters in special cabinets where the said temperature must be maintained for a full year.

1.5.29. Meters must be installed in cabinets, switchboard chambers (switchgear and control gear, voltage switchgear and control gear), on panels, boards, in recesses, on walls having rigid structure.

It is allowed to fix meters on wood, plastic and metal boards.

The height from the floor to the terminal boxes shall be within the limits of 0.8-1.7 m. The height may be less than 0.8 m, but not less than 0.4 m.

1.5.30. In places where there is a hazard of mechanical damage of meters or their pollution or in places accessible to unauthorized persons (passages, staircase etc.) a locked cabinet with a window on the level of the dial must be provided for meters. Similar cabinets must be installed for common location of meters and current transformers when carrying out metering on the side of low voltage (at the consumer input).

1.5.31. The design and sizes of cabinets, recesses, boards etc. must provide an easy access to meter and current transformer terminals. Besides, there must be provided a possibility of easy replacement of the meter and its installation with an inclination not more than 1°. The design of the mount must provide a possibility of installation and removal of the meter from the front side.

1.5.32. The meter wiring must comply with the requirements presented in chapters 2.1 and 3.4

1.5.33. Brazed joints on wiring of sale meters are not allowed. 

1.5.34. The sections of wires and cables connected to the meters must be assumed in accordance with 3.4.4 (see also 1.5.19).

1.5.35. When laying wiring for meters of direct connection wire ends 120 mm long at least must be left near meters. The insulation or sheath of the zero wire at a distance of 100 mm upstream the meter must have distinctive colouring. 

1.5.36. For safe installation and replacement of meters in mains with voltage up to 380 V the opportunity must be provided to disconnect the meter installed upstream it at a distance of not more than 10 m between the switching device and the fuses. Removal of voltage must be envisaged from all phases connected to the meter.

The current transformers used for connection of meters to up to 380 V voltage must be installed downstream the switching devices in the direction of power flow.

1.5.37. Grounding (neutral grounding) of meters and current transformers must be performed in accordance with the requirements of chapter 1.7. In such cases grounding and neutral grounding conductors from meters and current transformers with voltage up to 1 kV to the closest terminal block must be of copper.

1.5.38. When there are several connections with separate meters of electric energy at the facility, the names of connections must be written on the meter panels.

TECHNICAL METERING 

1.5.39. At thermal power and nuclear power plants with units (blocks) not equipped with data and control computers stationary or standard portable technical meters should be employed in the system of auxiliaries for calculation of cost-performance ratio. In such cases installation of active electric energy meters shall be performed in electrical motor circuits fed from switchboard buses of the main voltage (more than 1 kV) of auxiliaries and in circuits of all transformers fed from these buses. 

1.5.40. At electricity generating plants with cross links (having a common steam pipeline) on the side of the step-up transformer generating voltage a possibility to install (under operational conditions) technical meters of active electric energy used for monitoring of proper operation of sale generator meters must be provided.

1.5.41. The meters of active electric energy for technical metering should be installed at substations with voltage of 35 kV and more of energy systems: on the sides of middle and low voltage of power transformers, on every outgoing power transmission line of 6 kV and higher being on the balance of an energy system. 

The reactive electric energy meters for technical metering should be installed on the side of middle and low voltage of power transformers of the substations with voltage of 35 kV and higher of energy systems.

The said requirements for installation of electric energy meters shall be met when meters are provided.

1.5.42. At enterprises there should be envisaged a possibility to install (under operation conditions) stationary or use standard portable technical meters for monitoring compliance with limits of electric energy consumption by workshops, process trains, separate energy-intensive machines for determination of electric energy consumption per a unit of products or semi-finished products.

In is allowed to install technical meters at the input of the enterprise, if sale metering with this enterprise is carried out by meters installed at substations or electricity generating plants of the energy systems.

Permission of the energy supplying organization for installation and removal of meters at enterprises is not required. 

1.5.43. Devices of technical metering at enterprises (meters and measuring transformers) must be in charge of consumers themselves and meet the requirements of 1.5.13 (except for the requirement on availability of a seal of the energy supplying organization), 1.5.14 and 1.5.15.

1.5.44. The accuracy classes of meters for technical metering of active electric energy must comply with the values presented below:

	For power transmission lines with two way feeding with voltage of 220 kV and higher, transformers with power of 63 MW·А and more 
	1.0

	For other facilities of metering
	2.0 


The accuracy classes of technical reactive electric energy meters may be selected one level lower than the appropriate accuracy classes for technical active electric energy meters. 

Chapter 1.6

ELECTRICAL QUANTITY MEASUREMENT
SCOPE
1.6.1. The present chapter of the Code shall cover electrical quantity measurement carried out with stationary facilities (indicating, registering, recording etc.).

The Code shall not cover laboratory measurements and measurements made with portable devices.

Measurements of non-electrical quantities as well as measurements of other electrical quantities not covered by the Code, required in connection with peculiarities of technological process or primary equipment, shall be carried out on the basis of the appropriate regulatory documents.

GENERAL REQUIREMENTS
1.6.2. Facilities for electrical quantity measurements must comply with the following basic requirements:

1) the accuracy class of instruments must not be lower than 2.5;

2) the accuracy classes of instrument shunts, auxiliary resistors, transformers and converters must not be lower than those presented in table 1.6.1.

3) measurement range of instruments must be selected with the possible greatest long term deviations of measured quantities from preset values taken into account.

1.6.3. As a rule, the instruments shall be installed in rooms where control is carried out from.

Table 1.6.1. Measuring instrument accuracy classes
	Instrument accuracy class
	Shunts, auxiliary resistors accuracy class 
	Measuring transmitter accuracy class 
	Measuring transformer accuracy class 

	1.0
	0.5 
	0.5 
	0.5 

	1.5
	0.5 
	0.5*
	0.5*

	2.5
	0.5 
	1.0 
	1.0**


______________

* Allowable 1.0.
** Allowable 3.0.
At substations and hydroelectric power plants without permanent duty of operational staff, it is allowed not to install stationary indicating instruments; in such cases points for the connection of portable devices by staff trained for this purpose must be provided. 

1.6.4. Measurements on power transmission lines of 330 kV and higher as well as on generators and transformers must be carried out at all times.

On generators and transformers of hydroelectric power plants it is allowed to carry out periodical measurements using the means of supervisory control.

It is allowed to carry out “on call” measurements to the set of indicating instruments common for several connections (except for those presented in the first paragraph) as well as use other means of supervisory control.

1.6.5. When installing registering instruments in the control room operational contour, it is allowed not to install indicating instruments for permanent measurements of the same quantities.

CURRENT MEASUREMENT 
1.6.6. Current must be measured in circuits of all voltages where it is required for systematic monitoring of technological process and equipment.

1.6.7. Direct current must be measured in circuits of:

1) direct current generators and power converters;

2) batteries, chargers, trickle chargers and dischargers;

3) excitation of synchronous generators, compensators and electrical motors with controlled excitation.

The direct current amperemeters must have scale with central zero if the change of the current direction is possible.

1.6.8. In alternate three-phase current circuits one phase current should be measured as a rule.

Measurement of the current of each phase shall be carried out:
1) for synchronous turbine-driven generators with power of 12 MW and more; 
2) for power transmission lines with multiphase control, lines with longitudinal compensation and lines for which a possibility of long term operation in open-phase operating mode is provided; in justified cases there may be envisaged measurement of the current of each phase of power transmission lines of 330 kV and higher with three-phase control; 
3) for electric arc furnaces.
VOLTAGE MEASUREMENT  

1.6.9. Voltage, as a rule, must be measured: 

1) on sections of DC and AC collecting buses which may operate separately. 
It is allowed to install one instrument with an option to switch over to several measurement points.
At substations it is allowed to measure voltage only on the low voltage side, if the installation of voltage transformers on the high voltage side is not required for other purposes;
2) in circuits of DC and AC generators, synchronous compensators as well as in specific cases in circuits of units of special purpose.
With automatic startup of generators and other units, installation on them of instruments for voltage permanent measurements is not mandatory.
3) in excitation circuits of synchronous machines with power of 1 MW and higher. In excitation circuits of hydraulic turbine generator measurements are not mandatory;

4) in circuits of power converters, batteries, chargers, trickle chargers and dischargers;

5) in circuits of ground-fault neutralizers.
1.6.10. In three-phase circuits only line-to-line voltage is measured as a rule. In circuits with voltage more than 1 kV with effectively earthed neutral it is allowed to measure three line-to line voltages for control of circuit operability by voltage with one instrument (with switching over).
1.6.11. Registration of values of one line-to-line voltage of collecting buses of 110 kV and higher (or deviation of voltage from the preset value) of electricity generating plants and substations on the voltage of which the energy system mode is based must be carried out. 
INSULATION INSPECTION 

1.6.12. In AC mains with voltage higher than 1 kV with insulated or grounded via a ground-fault neutralizer neutral, in AC mains with voltage up to 1 kV with insulated neutral and in DC mains with the insulated poles or insulated middle point, as a rule, there must be performed automatic monitoring of insulation responding to the signal upon reduction of resistance of insulation of one of the phases (or pole) below the given value with subsequent check of voltage asymmetry using the indicating instrument (with switching over).
It is allowed to check insulation by periodic measurements of voltage with the purpose of visual check of voltage asymmetry.

POWER MEASUREMENT 

1.6.13. Power must be measured in circuits of:

1) generators – active and reactive power. 

When installing on generators with power of 100 MW and higher panel indicating instruments their accuracy class must be not lower than 1.0.

At electricity generating plants with power of 200 MW and higher total active power must be measured as well. 

It is recommended to measure the total active power of electricity generating plants with power less than 200 MW, if there is a need of automatic transmission of this parameter to the higher level of operational control.

2) capacitor banks with power of 25 MW and higher and synchronous compensators – reactive power;

3) transformers and lines feeding auxiliaries with voltage of 6 kV and higher of thermal power plants, - active power;

4) step-up two-winding transformers of electricity generating plants – active and reactive power. In circuits of three-winding transformers (or autotransformers with the use of the low voltage winding) measurement of active and reactive power must be carried out on the middle and low voltage side.

For a transformer operating as one unit with a generator, measurement of power on the low voltage side should be carried out in the generator circuit.

5) step-down transformers with voltage of 220 kV and higher – active and reactive power, with voltage 110-150 kV – active power.

In circuits of step-down two-winding transformers measurement of power must be carried out on the low voltage side, and in circuits of step-down three-winding transformers – on the middle and low voltage side.

At substations of 110-220 kV without breakers it is allowed not to carry out measurement on the high voltage side. In such a case places must be envisaged for connection of indicating and registrating instruments;

6) lines with voltage of 100 kV and higher with two-way feed as well as bypass switches - active and reactive power;

7) at other elements of substations where for regular monitoring of the mains mode measurements of active and reactive power flow are required, a possibility of connection of portable instruments must be provided.

1.6.14. When installing panel indicating instruments in circuits where power direction can change, these instruments must have a scale with central zero.
1.6.15. The following must be registered:
1) active power of turbine-driven generators (with power of 60 MW and more);
2) total power of electricity generating plants (with power of 200 MW and more).
FREQUENCY MEASUREMENT
1.6.16. Frequency measurement must be carried out:

1) on every bus section of generating voltage;

2) on every generator of a thermal power or nuclear power plant consisting of units;
3) on every system (section) of buses of electricity generating plant high voltage; 
4) in units of possible division of an energy system into parts operating out of synchronization.
1.6.17. Registration of frequency or its deviation from the preset value must be carried out:
1) at electricity generating plants with power of 200 MW and more;
2) at electricity generating plants with power of 6 MW and more, operating separately.
1.6.18. The absolute error of registering frequency-indicating meters at electricity generating plants used for power control must not exceed ± 0.1 Hz.
MEASUREMENTS DURING SYNCHRONIZATION

1.6.19. For measurements during accurate (manual or semi-automatic) synchronization the following instruments must be available: two voltmeters (or a double voltmeter); two frequency-indicating meters (or a double frequency-indicating meter); a synchroscope.


ELECTRICAL QUANTITY REGISTRATION

IN EMERGENCY MODES
1.6.20. For automatic registration of emergency processes in the electric part of an energy system automatic oscillographs must be available.
Location of automatic oscillographs at the facilities as well as selection of electric parameters registered by them, as a rule, should be performed in accordance with the recommendations presented in tables 1.6.2 and 1.6.3.
By consent with energy systems (district energy departments) there may be provided registering instruments with increased speed of recording during an emergency (for registration of electric parameters which are not monitored by automatic oscillographs).
Table 1.6.2. Recommendations for location of automatic 
emergency oscillographs at energy system facilities
	Switchgear voltage, kV
	Switchgear diagram
	Number of lines connected to the section (bus system) of a switchgear
	Number of oscillographs to be installed

	750
	Any
	Any 
	One for each line (preferably with recording of preemergency mode) 

	500
	"
	One or two 
	One for each line (without recording of preemergency mode) 

	500
	"
	Three or more 
	One for each line (preferably with recording of preemergency mode on one of the lines at least)

	330
	"
	One 
	Not to be installed

	330
	"
	Two or more 
	One for each line (without recording of preemergency mode) 

	220
	With sections or systems of buses
	One or two for each section or operating system of buses
	One for two sections or operating systems of buses (without recording of preemergency mode)

	220
	Idem
	Three or four for each section or operating system of buses
	One for each section or operating system of buses (without recording of preemergency mode)

	220
	" "
	Five or more for each section or operating system of buses 
	One-two for each section or operating system of buses with one starter (without recording of preemergency mode)

	220
	One-and-a-half or polygon
	Three or more 
	One for three-four lines or for each system of buses (without recording of preemergency mode)

	220
	Without 220 kV breakers or with one breaker
	One or two 
	Not to be installed 

	220
	Triangle, square, bridge circuit
	Idem 
	It is allowed to install one automatic oscillograph, if on the opposite ends of 220 kV lines there are no automatic oscillographs

	110
	With sections or systems of buses
	One-three for each section or system of buses
	One for two sections or operating systems of buses (without recording of preemergency mode)

	110
	With sections or systems of buses
	Four-six for each section or operating system of buses
	One for each section or operating system of buses (without recording of preemergency mode)

	110
	With sections or systems of buses
	Seven or more for each section or operating system of buses 
	One for each section or operating system of buses. It is allowed to install two automatic oscillographs for each section or operating system of buses (without recording of preemergency mode)

	110
	Without breakers on the 110 kV side, bridge circuit, triangle, square 
	One or two 
	Not to be installed 


Table 1.6.3. Recommendations for selection of electric parameters, 

registered by automatic emergency oscillographs
	Switchgear voltage, kV
	Parameters recommended for registration by automatic oscillographs

	750, 500, 330 
	Phase voltages of three phases of lines. Voltage and current of zero-phase-sequence of lines. Currents of two or three phases of lines. Main amplifier current, high frequency receiver-transmitter receiving current and position of contacts of output intermediate relay of high frequency protection.

	220, 110 
	Phase voltage and voltage of zero-phase-sequence of the section or operating system of buses. Currents of zero-phase-sequence of lines, connected to the section or operating system of buses. Phase currents (two or three phases) of the most responsible lines. High frequency receiver-transmitter receiving current of phase differential protection of intersystem power transmission lines.


1.6.21. At electricity generating plants belonging to the consumer and connected to the energy system (isolated generating plants) automatic emergency oscillographs must be available for each system of buses of 110 kV and higher which provide communication with the energy system through power transmission lines. These oscillographs, as a rule, must register voltages (phase and zero-phase-sequence) of the appropriate bus system, currents (phase and zero-phase-sequence) of the power transmission lines connecting the isolated generating plant with the system.

1.6.22. For registration of operation of the emergency system automation devices it is recommended to install additional oscillographs. Location of additional oscillographs and selection of parameters registered by them must be included in the emergency system automation designs.

1.6.23. For determination of places of damage of high-voltage lines of 110 kV and higher with the length of more than 20 km recording instruments must be provided.

Chapter 1.7

GROUNDING AND PROTECTIVE MEASURES 

OF ELECTROSAFETY
	APPROVED BY
Ministry of Energy
of the Russian Federation
Order dated July 8, 2002 No 204


Effective
as of January 1, 2003
Scope. Terms and definitions
1.7.1. The present chapter of the Code shall cover all AC and DC electrical installations with voltage up to 1 kV and higher and contain general requirements for their grounding and protection of people and animals from electric shock both in normal mode of the electrical installation operation and upon damage of insulation.
Additional requirements are presented in appropriate chapters of the Electrical Installation Code.
1.7.2. In terms of electrosafety electrical installations are divided into:
electrical installations with voltage higher than 1 kV in the mains with a dead-earth grounded or effectively grounded neutral (see 1.2.16);
electrical installations with voltage higher than 1 kV in mains with an insulated neutral or neutral, grounded through a ground-fault neutralizer or resistor.
electrical installations with voltage up 1 kV in mains with a dead-earth grounded neutral;
electrical installations with voltage up to 1 kV in mains with an insulated neutral.
1.7.3. For electrical installations with voltage up to 1 kV the following designations are assumed:
a TN system is a system in which the power supply neutral is dead-earth grounded, and exposed current-conducting parts of an electrical installation are connected to the dead-earth grounded neutral of the power supply using neutral protective conductors;
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Fig. 1.7.1. AC (a) and DC (b) TN system-C. Neutral protective conductor and neutral operational conductor are combined in the same conductor:
1 - grounding electrode of the neutral (middle point) of the power supply;
2 - exposed current-conducting parts, 3 – DC power supply
a TN-C system is a TN system, in which the neutral protective conductor and neutral operational conductor are combined in one conductor along all its length (fig. 1.7.1);
a TN-S system is a TN system, in which the neutral protective conductor and neutral operational conductor are divided along all its length (fig. 1.7.2);
a TN-C-S system is a TN system, in which the functions of the neutral protective conductor and neutral operational conductor are combined in one conductor in one of its parts starting from the power supply (fig. 1.7.3);
an IT system is a system, in which the neutral of a power supply is insulated from the earth and grounded through instruments or devices having greater resistance, and exposed current-conducting parts of the electrical installation are grounded (fig. 1.7.4);
a ТТ system is a system, in which the neutral of the power supply is dead-earth grounded, and exposed current-conducting parts of the electrical installation are grounded using a grounding device electrically independent from the power supply dead-earth grounded neutral (fig. 1.7.5).
The first letter is condition of the power supply neutral relative to the earth: 
Т is a grounded neutral;
I is an insulated neutral.
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Fig. 1.7.2. AC (a) and DC (b) TN-S system. The neutral protective conductor and neutral operational conductor are divided:
1 - grounding electrode of the neutral of the AC power supply; 1-1 – grounding electrode of the DC power supply output; 1-2 - grounding electrode of the middle point of the DC power supply; 2 - exposed current-conducting parts; 3 - power supply
The second letter is the condition of exposed current-conducting parts relative to the earth:
Т - exposed current-conducting parts are grounded regardless of position relative to the earth of the power supply neutral or any other point of the feeding mains;
N - exposed current-conducting parts are connected to the dead-earth grounded neutral of the power supply.
The following letters (after N) are the combination in one conductor or division of functions of the neutral operational conductor and neutral protective conductor:
S – the neutral operational (N) and the neutral protective (РЕ) conductors are divided;
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Fig. 1.7.3. AC (a) and DC (b) TN-C-S system. The neutral protective conductor and neutral operational conductor are combined in the same conductor in a part of the system: 
1 - grounding electrode of the neutral of the AC power supply; 1-1 – grounding electrode of the DC power supply output; 1-2 - grounding electrode of the middle point of the DC power supply; 2 - exposed current-conducting parts; 3 - power supply
С - the functions of the neutral protective conductor and neutral operational conductor are combined in one conductor (PEN-conductor);
N - 
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 - neutral operational (neutral) conductor;
РЕ - 
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- protection conductor (grounding conductor, neutral protective conductor, protective conductor of the potential compensation system);
PEN - 
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 - combined neutral protective conductor and neutral operational conductor.
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Fig. 1.7.4. AC (a) and DC (b) system IT. Exposed current-conducting
parts of the electrical installation are grounded. The power supply neutral is insulated from the earth
or grounded through big resistance:
1 – power supply neutral grounding resistance (if available); 2 — grounding electrode;

3 — exposed current-conducting parts; 4 - electrical installation grounding device;
5 - power supply
1.7.4. An electric main with the effectively grounded neutral is a three-phase electric main with voltage higher than 1 kV in which the ground short circuit factor does not exceed 1.4.
A ground short circuit factor in a three-phase electric main is the ratio of voltage difference between the undamaged phase and the earth at the point of ground short circuit of another or two other phases and voltage difference between the phase and the earth at this point before ground short circuit.
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Fig. 1.7.5. AC (a) and DC (b) system TT.  The exposed current-conducting parts of the electrical installation are grounded using a grounding device electrically independent from the neutral grounding electrode:
1 - grounding electrode of the neutral of the AC power supply; 1-1 – grounding electrode of the DC power supply output; 1-2 - grounding electrode of the middle point of the DC power supply; 2 - exposed current-conducting parts; 3 - electrical installation exposed current-conducting parts grounding electrode
4 - power supply
1.7.5. A dead-earth grounded neutral is a transformer or generator neutral, connected directly to the grounding device. The output of an one-phase AC power supply or pole of an DC power supply in two-wire mains as well as the middle point in three-wire DC mains may be also dead-earth grounded.
1.7.6. An insulated neutral is a transformer or generator neutral not connected to the grounding device or connected to it through great resistance of alarm devices, instruments, protection devices and other similar devices.   
1.7.7. A current-conducting part is a part that can conduct electrical current.
1.7.8. A live part is an electrical installation current-conducting part being in the process of its operation under working voltage including the neutral operational conductor (but not a PEN- conductor).
1.7.9. An exposed current-conducting part is an electrical installation current-conducting part accessible to touching which is normally not live, but can be energized upon the main insulation damage.
1.7.10. An outside current-conducting part is a current-conducting part not included in an electrical installation.
1.7.11. A direct touching is an electric contact of people and animals with live parts.
1.7.12. An indirect touching is an electric contact of people and animals with exposed current-conducting parts being energized upon insulation damage.
1.7.13. A protection against direct touching is a protection to prevent direct touching of live parts.
1.7.14. A protection during indirect touching is a protection from electric shock when touching exposed current-conducting parts being energized upon insulation damage.

The term “insulation damage” should be understood as a single insulation damage.
1.7.15. A grounding electrode is a current-conducting part or a set of interconnected current-conducting parts being in electrical contact with the earth directly or through an intermediate current-conducting environment.
1.7.16. An artificial grounding electrode is a grounding electrode specially made for the grounding purpose.
1.7.17. A natural grounding electrode is an outside current-conducting part being in electrical contact with the earth directly or through an intermediate current-conducting environment used for the grounding purposes.
1.7.18. An earthing lead is a conductor connecting the grounding part (point) with the grounding electrode.
1.7.19. A grounding device is a set of a grounding electrode and earthing leads.
1.7.20. A zero voltage potential area (relative ground) is a part of the ground being outside of the area of impact of any grounding electrode which electrical potential is assumed equal to zero.
1.7.21. A spread area (local ground) is an area between the grounding electrode and zero potential area.
The term "ground” used in this chapter should be understood as the ground in the spread area.
1.7.22. A ground short circuit is an accidental electrical contact between live parts and the ground.
1.7.23. Voltage at a grounding device is voltage occurring during leak of current from the grounding electrode to ground between the point of input of current into the grounding electrode and the zero potential area.
1.7.24. Touch voltage is voltage between two current-conducting parts or between a current-conducting part and ground during simultaneous touching them by a person or an animal.
Expected touch voltage is voltage between current-conducting parts simultaneously accessible to touching, when a person or an animal do not touch them.
1.7.25. Step voltage is voltage between two points of the ground surface at a distance of 1 m between each other which is assumed equal to a person step length.
1.7.26. Grounding device resistance is a ratio of voltage on the grounding device and current leaking from the grounding electrode to the ground.
1.7.27. Equivalent resistivity of soil with a nonhomogeneous structure is the electrical resistivity of soil with a homogeneous structure where a grounding device resistance has the same value as in soil with a nonhomogeneous structure.
The term “electrical resistivity” used in the chapter for soil with a nonhomogeneous structure should be understood as equivalent electrical resistivity.

1.7.28. Grounding is intentional electrical connection of any point of a main, electrical installation or equipment to the grounding device.
1.7.29. Protection grounding is grounding made for electrosafety's sake.
1.7.30. Operational (functional) grounding is grounding of a point or points of electrical installation live parts made to ensure electrical installation operation (not for electrosafety's sake).
1.7.31. Protective neutral grounding in electrical installations with voltage up to 1 kV is an intentional connection of exposed current-conducting parts with a dead-earth grounded neutral of a generator or transformer in three-phase current mains, with a dead-earth grounded output of an one-phase power supply, with a grounded point of the power supply in DC mains, made for electrosafety's sake.

1.7.32. Potential compensation is electrical connection of current-conducting parts to provide voltage potential balance.
Protective potential compensation is potential compensation made for electrosafety's sake.

The term “potential compensation” used in the chapter should be understood as protective potential compensation.
1.7.33. Potential equalization is reduction of voltage difference (step voltage) on the ground or floor surface using protection conductors laid underground or under the floor or on their surfaces and connected to a grounding device or using special ground covers.
1.7.34. A protective (РЕ) conductor is a conductor designed for electrosafety's sake.

A protective earthing lead is a protection conductor designed for protective grounding.
A potential compensation protection conductor is a protection conductor designed for protective potential compensation.
A neutral protective conductor is a protection conductor in electrical installations up to 1 kV designed for connection of exposed current-conducting parts to the power supply dead-earth grounded neutral.
1.7.35. A neutral operational (zero) conductor (N) is a conductor in electrical installations up to 1 kV designed to supply power to electrical appliances and connected to the dead-earth grounded neutral of a generator or a transformer in three-phase current mains, with a dead-earth grounded output of an one-phase power supply, with a dead-earth grounded point of a power supply in DC mains.

1.7.36. Combined neutral protective and neutral operational (PEN) conductors are conductors in electrical installations up to 1 kV combining functions of neutral protective and neutral operational conductors.

1.7.37. A main ground bar is a bus being a part of a grounding device of an electrical installation up to 1 kV and designed for connection of several conductors with the purpose of grounding and potential compensation. 
1.7.38. Protective automatic de-energization is automatic interruption of a circuit of one or several phase conductors (and if required, neutral operational conductor) made for electrosafety's sake.

The term “automatic de-energization” used in this chapter should be understood as protective automatic de-energization.
1.7.39. A main insulation is an insulation of live parts providing, in addition, protection against direct touching.

1.7.40. An additional insulation is an independent insulation in electrical installations up to 1 kV arranged in addition to the main one for protection during indirect touching.
1.7.41. A double insulation is an insulation in electrical installations with voltage up to 1kV consisting of the main and additional insulation.
1.7.42. An improved insulation is an insulation in electrical installations with voltage up to 1 kV providing the level of protection from electric shock equal to a double insulation.
1.7.43. Extra-low (low) voltage is voltage that does not exceed AC 50 V and DC 120 V.
1.7.44. An isolating transformer is a transformer which primary winding is isolated from secondary windings using protective electrical isolation of circuits.
1.7.45. A safe isolating transformer is an isolating transformer designed to supply circuits with extra-low voltage.
1.7.46. A protecting screen is a current-conducting screen designed for isolation of an electrical circuit and / or conductors from live parts of other circuits.

1.7.47. Protective electrical isolation of circuits is isolation of one electrical circuit from other circuits in electrical installations with voltage up to 1 kV using:

double insulation;
main insulation and protecting screen;
improved insulation.
1.7.48. Non-current-conducting (isolating) rooms, areas, platforms are rooms, areas, platforms where protection during indirect touching is ensured by high floor and wall resistance and where grounded current-conducting parts are not available.
General requirements
1.7.49. Electrical installation live parts must not be accessible to accidental touching, and exposed and outside current-conducting parts accessible to touching must not be under voltage posing a hazard of electric shock both under normal operating mode of an electrical installation and upon insulation damage.
1.7.50. For protection from electric shock under normal operating mode the following protective measures against direct touching both separately and in combination must be used:
main insulation of live parts;
guards and enclosures;
installation of barriers;
location outside of limits of reach;
use of extra-low (low) voltage.
For additional protection against direct touching at electrical installations with voltage up to 1 kV, in addition to requirements of other chapters of the Electrical Installation Code, breaking protection devices with rated breaking differential current not exceeding 30 mA must be used.

1.7.51. For protection from electric shock upon insulation damage the following protective measures during indirect touching both separately and in combination must be used:
protective grounding;
automatic de-energization;
potential compensation;
potential equalization;
double and improved insulation;
extra-low (low) voltage;
protective electrical isolation of circuits;
insulating (non-current-conducting) rooms, areas, platforms.
1.7.52. Protective measures against electric shock must be provided in an electrical installation or its part, or applied to individual electrical appliances and can be implemented during fabrication of electric equipment or during assembling of an electrical installation or in both cases.
The use of two or more protective measures in an electrical installation must not exert mutual influence reducing efficiency of each of them.
1.7.53. Protection during indirect touching should be used in all case if the voltage of an electrical installation exceeds AC 50 V and DC 120 V.
In rooms with increased hazard, especially hazardous and outside installations, arrangement of protection during indirect touching may require lower voltage, for example, AC 25 V and DC 60 V or AC 12 V and DC 30 in accordance with requirements of appropriate chapters of the Electrical Installation Code, if applicable.
Protection against direct touching shall not be required, if electric equipment is located in the potential compensation system area, and the highest operating voltage does not exceed AC 25 V or DC 60 V in rooms without increased hazard and AC 6 V and DC 15 V – in all the cases.
Note: Hereinafter in the chapter “AC voltage” means the root mean square value of AC voltage; “DC voltage” - DC voltage or rectified current voltage with ripple content not exceeding 10% of the root mean square value.

1.7.54. Artificial and natural grounding electrodes may be used for electrical installation grounding. If during the use of natural grounding electrodes the resistance of grounding devices or touch voltage have permissible values and voltage normalizing value on the grounding device and admissible current density in natural grounding electrodes are ensured, the use of artificial grounding electrodes in electrical installations up to 1 kV is not mandatory. The use of natural grounding electrodes as elements of grounding devices must not cause their damage during passage of short circuit currents across them or operating trouble of devices they are connected to. 
1.7.55. For grounding in electrical installations of different design and voltage, located close to each other, one common grounding device should be used, as a rule. 

A grounding device used for grounding of electrical installations of the same or different designs or voltages must comply with all the requirements for grounding of these electrical installations: protection of people from electric shock upon insulation damage, conditions of mains operating modes, protection of electric equipment from overvoltage etc. during all the period of operation.
In the first instance requirements for protective grounding must be complied with.
The grounding devices of protective grounding of electrical installations, buildings and structures and lightning-discharge protectors of the 2nd and 3rd categories of these buildings and structures must be common as a rule. 
When using a separate (independent) grounding electrode for operating grounding as per conditions of operation of information and other sensitive to interference attack equipment, special protective measures from electric shock, excluding simultaneous touching of parts that may have dangerous voltage difference upon insulation damage, must be taken.
When uniting grounding devices of different electrical installations in one single grounding device, natural and artificial earthing leads may be used. Their number must be two at least.
1.7.56. The required values of touch voltage and resistance of grounding devices during leak from them of ground short circuit currents and loss currents must be provided for the most unfavourable conditions at any time of year.
When determining the resistance of grounding devices artificial and natural grounding electrodes must be taken into account.
When determining soil resistivity, its seasonal value corresponding to the most unfavourable conditions, should be assumed as a rated one.

Grounding devices must be mechanically strong and have heat and dynamic resistance to ground short circuit currents.
1.7.57. The electrical installations with voltage up to 1 kV of residential, public and industrial buildings and outside installations must, as a rule, be fed from a power supply with a dead-earth grounded neutral with the use of the TN system.
For protection from electric shock during indirect touching in these electrical installations, automatic de-energization must be used in accordance with 1.7.78-1.7.79.
Requirements for selection of systems TN-C, TN-S, TN-C-S for specific electrical installations are presented in appropriate chapters of the Electrical Installation Code.
1.7.58. Power to electrical installations with voltage up to AC 1 kV from a power supply with an insulated neutral with the use of the system IT should be supplied, as a rule, without interruption of supply at the first short circuit to ground or exposed current-conducting parts, connected with the potential compensation system. In such electrical installations for protection during indirect touching at the first ground short circuit, protective grounding in combination with the circuit insulation monitoring must be utilized or breaking protection devices with rated breaking differential current not exceeding 30 mA must be used. During double ground short circuit automatic de-energization must be used in accordance with 1.7.81.
1.7.59. Supply of power to electrical installations with voltage up to 1 kV from a power supply with a dead-earth grounded neutral and with grounding of exposed current-conducting parts using a grounding electrode not connected to the neutral (system TT) is allowed only when conditions of electrosafety in the TT system can not be observed. For protection during indirect touching in such electrical installations, automatic de-energization with mandatory use of breaking protection devices must be utilized.  At the same time, the following condition must be observed:
Rа Iа ( 50 V,
where Iа is the protection device operative current;
Ra is the total resistance of the grounding electrode and earthing lead, when using breaking protection device for protection of several electrical appliances - earthing lead of the most remote electrical appliance.
1.7.60. When using protection automatic de-energization, the main system of potential compensation must be used in accordance with 1.7.82 as well as additional system of potential compensation in accordance with 1.7.83, if required.
1.7.61. When using the TN system, it is recommended to arrange the second grounding of РЕ- and РEN-conductors at the input of a building electrical installation as well as at other accessible places. For the second grounding artificial grounding electrodes should be used in the first instance. The resistance of the second grounding electrode shall not be controlled.
Inside big and multistory buildings the same function is performed by potential compensation through connection of the neutral protective conductor to the main ground bar.
The second grounding of electrical installations with voltage up to 1 kV fed from overhead lines must be arranged in accordance with 1.7.102-1.7.103.
1.7.62. If the time of automatic de-energization does not comply with requirements of 1.7.78-1.7.79 for the TN system and 1.7.81 for the IT system, protection during indirect touching for separate parts of an electrical installation or separate electrical appliances may be arranged using double and improved insulation (electric equipment of class II), extra-low voltage (electric equipment of class III), electrical isolation of circuits of insulating (non-current-conducting) rooms, areas, platforms.
1.7.63. The IT system with voltage up to 1 kV connected via a transformer to the main with voltage higher than 1 kV must be protected by a film cutout from the danger arising upon the damage of insulation between the transformer high and low voltage windings. The film cutout must be installed on the neutral or phase on the low voltage side of each transformer.
1.7.64. In electrical installations with voltage higher than 1 kV with an insulated neutral for protection from electric shock protective grounding of exposed current-conducting parts must be arranged.
In such electrical installations a possibility to quickly detect ground short circuit must be envisaged. Protection against ground short circuit must be installed for breaking in all electrically connected circuit when it is necessary for safety (for lines feeding mobile substations and machinery, peat facilities etc.).
1.7.65. For electrical installations with voltage higher than 1 kV with an effectively grounded neutral, protective grounding of exposed current-conducting parts must be arranged for protection against electric shock.
1.7.66. Protective neutral grounding in the TN system and protective grounding in the IT system of the electric equipment installed on high-voltage line supports (power and measuring transformers, disconnecting links, fuses, capacitors and other devices) must be arranged in compliance with requirements presented in appropriate chapters of the Electrical Installation Code as well as in this chapter.

The grounding device resistance of a high-voltage line support where the electric equipment is installed must comply with requirements of chapters 2.4 and 2.5
Protective measures against direct touching
1.7.67. The main insulation of live parts must cover live parts and withhold all possible impacts it can be exposed to during its operation. Removal of insulation can be made possible only through its breakdown. Paint coatings are not insulation that can protect from electric shock except for cases expressly stipulated in specifications for specific products. When applying insulation during assembling, it must be tested in accordance with requirements of chapter 1.8.
In cases, when the main insulation is provided by an air gap, for protection against direct touching of live parts or approach to them at an unsafe distance, including in electrical installations with voltage higher than 1 kV, enclosures, guards, barriers or location outside of limits of reach must be used.

1.7.68. Guards and enclosures in electrical installations with voltage up to 1 kV must have the protection class rating IP 2X, except for cases when large gaps are required for electric equipment normal operation.
Guards and enclosures must be reliably fixed and have sufficient mechanical strength.
Entry inside guards or opening of an enclosure must be made possible only with a special key or tools or after removal of voltage from live parts. If it is not possible to observe these conditions, intermediary guards with protection class rating not less than IP 2X must be installed; their removal must be made possible only with a special key or tools.
1.7.69. Barriers are designed for protection against accidental touching of live parts in electrical installations with voltage up to 1 kV or approach to them at an unsafe distance in electrical installations with voltage higher than 1 kV, but they don’t exclude intentional touching and approach to live parts when walking around a barrier. Removal of barriers does not require a key or tools, but they must be fastened so that one could not remove them unintentionally. Barriers must be made of insulating materials.
1.7.70. Location outside of limits of reach for protection against direct touching of live parts in electrical installations with voltage up to 1 kV or approach to them at an unsafe distance in electrical installations with voltage higher than 1 kV can be used, if measures presented in 1.7.68-1.7.69 can not be taken or are insufficient. In such cases, the distance between live parts that can be touched simultaneously in electrical installations with voltage up to 1 kV must be 2.5 m at least. Inside the area of reach no parts with different voltage potential and parts that can be touched simultaneously must be present.
In vertical direction, the area of reach in electrical installations with voltage up to 1 kV must make up 2.5 m from the surface where people are staying (fig. 1.7.6).
The said sizes are given without the use of auxiliary facilities (for example, tools, ladder, long objects) taken into account.
1.7.71. Installation of barriers and location in the area outside of reach are allowed only in premises accessible to qualified staff.
1.7.72. In electrical equipment rooms of electrical installations with voltage up to 1 kV protection against direct touching is not required, provided the following conditions are observed simultaneously:
these rooms are clearly marked and accessible only with a key;
possibility of free exit from the room without a key even if the room is locked from outside;
minimum sizes of maintenance galleries comply with requirements of chapter 4.1.
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Fig. 1.7.6. Areas of reach in electrical installations up to 1 kV;
S- surface on which a person can stay;

B – surface S base;
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 - border of the area of reach of live parts by the hand of a person staying on the surface S;
0.75; 1.25; 2.50 m – distance from the edge of the surface S to the area of reach border
Protective measures against direct and indirect touching
1.7.73. Extra-low (low) voltage in electrical installations with voltage up to 1 kV can be used for protection against electric shock during direct and/or indirect touching in combination with protective electrical isolation of circuits or with automatic de-energization.
As a power supply for extra-low voltage circuits in both cases one should use a safe isolating transformer in accordance with GOST 30030 Isolating Transformers and Safe Isolating Transformers or another extra-low voltage power supply providing the same degree of safety.
Live parts of extra-low voltage circuits must be electrically isolated from other circuits in order to provide electrical isolation equal to isolation between the isolating transformer primary winding and secondary winding.
As a rule, extra-low voltage circuit conductors must be laid separately from conductors with higher voltage and protection conductors, or isolated from them by a grounded metal screen (enclosure) or inserted in a nonmetal enclosure in addition to the main insulation.
Plug and socket connectors in extra-low voltage circuits must not be used for connection of other voltage.
Sockets must not have a protection contact.
With extra-low voltage values exceeding AC 25 V and DC 60 V, for protection against direct touching guards and enclosures or insulation corresponding to AC 500 kV test voltage during 1 min must be used as well.
1.7.74. When using extra-low voltage in combination with electrical isolation of circuits, exposed current-conducting parts must not be deliberately connected to the grounding electrode, protection conductors or exposed current-conducting parts of other circuits and outside current-conducting parts, except when connection of outside current-conducting parts to the electric equipment is necessary, and voltage on these parts can not exceed extra-low voltage values.
Extra-low voltage in combination with electrical isolation of circuits should be used when extra-low voltage is required for protection against electric shock upon damage of insulation not only in the extra-low voltage circuit, but also upon damage of insulation in other circuits, for example, in a circuit feeding a power supply.

When using extra-low voltage in combination with automatic de-energization, one of the outputs of the extra-low voltage power supply and its body must be connected to the protection conductor circuit feeding the power supply.

1.7.75. When electric equipment with maximum operating (functional) voltage not exceeding AC 50 V or DC 120 V is used in an electrical installation, this voltage may be used as a protective measure against direct and indirect touching, provided the requirements 1.7.73-1.7.74 are complied with. 
Protective measures during indirect touching

1.7.76. Requirements for protection during indirect touching shall cover:
1) bodies of electrical machines, transformers, devices, lamps etc.;
2) electrical device drives;
3) frames of switchboards, control boards, small boards and cabinets as well as removable and opening parts if the latter have installed electric equipment with voltage higher than AC 50 V or DC 120 V (in cases stipulated by appropriate chapters of the Electrical Installation Code - higher than AC 25 V or DC 60 V);
4) metal structures of switchgears, cables structures, cable joints, sheathes and armor of control and power cables, wire sheathes, wiring conduits and tubes, enclosures and supporting structures of busbars (current-conducting wires), trays, boxes, hangers, ropes and strips on which are fixed cables and wires (except for hangers, ropes and strips along which are laid cables with neutral grounded or grounded metal enclosure or armor) as well as other metal structures on which electric equipment is installed.
5) metal sheathes and armor of control and power cables and wires for voltage not exceeding the values indicated in 1.7.53, laid on common metal structures, including common conduits, trays, boxes etc., with cables and wires for higher voltage.
6) metal bodies of mobile and portable electrical appliances;
7) electric equipment installed on moving parts of machining units, machines and plant.
When automatic de-energization is used as a protection measure, the said exposed current-conducting parts must be connected to the dead-earth grounded neutral of the power supply in the TN system and grounded in the systems IN and TT.
1.7.77. Deliberate connection to the power supply neutral in the TN system and grounding in the systems IT and TT of the following is not required:
1) bodies of electric equipment and devices mounted on metal bases: structures, switchgears, boards, cabinets, frames of machining units, machines and plant connected to a power supply neutral or grounded, provided there is a reliable electrical contact between these bodies and bases;
2) structures listed in 1.7.76, provided there is a reliable electrical contact between these structures and installed on them electric equipment, connected to a protection conductor;

3) removable and opening parts of metal frames of switchgear chambers, cabinets, guards etc., if electric equipment is not installed on removable (opening) parts or if the voltage of installed electric equipment does not exceed values presented in 1.7.53;
4) overhead power transmission line insulator attachments and fasteners fixed to them;
5) exposed current-conducting parts of electric equipment with double insulation;
6) metal clamps, holds, sections of cable mechanical protection conduits at places of their passage through walls and floors and other similar items of wiring with area up to 100 cm2, including extending and junction boxes of enclosed wiring.
1.7.78. When using automatic de-energization for electrical installations with voltage up to 1 kV, all exposed current-conducting parts must be connected to the dead-earth grounded neutral of a power supply, if the TN system is used, and grounded, if the IT or TT systems are used. In such cases the characteristics of protective devices and parameters of protection conductors must be agreed to provide normalized time of breaking the damaged circuit by a protection and switching device in accordance with the rated phase voltage of the feeding main.

In electrical installations with automatic de-energization as a protective measure, potential compensation must be used.
Protection and switching devices responding to over-currents and differential currents may be used for automatic de-energization.
1.7.79. In the TN system the time of automatic de-energization must not exceed the values presented in table 1.7.1.
Table 1.7.1

Maximum admissible time of protection automatic
de-energization for the TN system
	Rated line-to-earth voltage u0, V
	De-energization time, s

	127
	0.8

	220
	0.4

	380
	0.2

	More than 380
	0.1


The said values of de-energization time are considered sufficient for provision of electrosafety including in branch circuits feeding mobile and portable electrical appliances and hand power tools of class 1.

In circuits feeding distribution, branch, floor and other boards and small boards de-energization time must not exceed 5 s.

It is allowed to exceed de-energization time values presented in table 1.7.1, but not longer than by 5 s in circuits feeding only stationary electrical appliances from distribution boards or small boards provided one of the following conditions is observed:
1) total resistance of the protection conductor between the main grounding bus and the distribution board or small board does not exceed the value, Ω:

50 ( ZC/U0,

where ZC is total  resistance of the circuit  "phase-zero”, Ω;

U0 is rated line-to-earth voltage of the circuit, V;
50 is voltage drop at the section of the protection conductor between the main grounding bus and the distribution board or small board, V;
2) an additional system of potential compensation, covering the same outside current-conducting parts as the main system of potential compensation, is connected to the bus PE of the distribution board or small board.
It is allowed to use breaking protection devices responding to differential current.
1.7.80. It is not allowed to use breaking protection devices responding to differential current in four-wire three-phase circuits (TN system-C). If it is necessary to use breaking protection devices for protection of individual electrical appliances powered from a TN system-C, the protection PE-conductor of the electrical appliance must be connected to the PEN-conductor of the circuit feeding the electrical appliance upstream the protection switching device.
1.7.81. In the IT system, the time of automatic de-energization during double connection to exposed current-conducting parts must comply with table 1.7.2.
Table 1.7.2

Maximum admissible time of protection automatic
de-energization for the system IT
	Rated linear voltage u0, V
	De-energization time, s

	220
	0.8

	380
	0.4

	660
	0.2

	More than 660
	0.1


1.7.82. The main system of potential compensation in electrical installations up to 1 kV must interconnect the following current-conducting parts (fig. 1.7.7):
1) neutral protective РЕ- or PEN-conductor of the feeding line in the TN system; 

2) earthing lead connected to the electrical installation grounding device in the IT and TT systems;
3) earthing lead, connected to the grounding electrode of second grounding at the building input (if a grounding electrode is available);

4) metal conduits of utilities entering a building: hot and cold water lines, sewerage, heating system, gas supply lines, etc.
If a gas supply pipeline has at the input of a building an insulating insert, only the part of the pipeline at the section of the insulating insert on the side of the building shall be connected to the potential compensation system;
5) metal parts of a building frame;
6) metal parts of centralized systems of ventilation and air conditioning. If decentralized systems of ventilation and air conditioning are available, metal air-ducts should be connected to the bus РЕ of fan and air conditioner power panels.
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Fig. 1.7.7. Potential compensation system in a building:
M – exposed current-conducting part; C1 – metal pipes of a water pipeline entering the building; C2 - metal pipes of a sewerage entering the building; C3 – metal pipes of a gas pipeline with an insulating insert at the input entering the building; C4 - air-ducts of ventilation and air conditioning; C5- heating system; C6 – metal water pipeline pipes in the bathroom; C7 – metal bath; C8 – outside current-conducting part within the limits of reach from exposed current-conducting parts; C9 - concrete structure reinforcement bars; MGB - main ground bar; T1 – natural grounding electrode; T2 - lightning-discharge protector grounding electrode (if available); 1 - neutral protective conductor; 2 – main potential compensation system conductor; 4 - current tap of the lightning-discharge protector system; 5 – operating grounding contour (backbone cable) in the information computer room; 6 - operational (functional) grounding conductor; 7 - potential compensation conductor in the operational (functional) grounding system; 8 – earthing lead
7) grounding device of the lightning-discharge protector system of the 2nd and 3rd categories;
8) earthing lead of operating (functional) grounding if the latter is available and there is not restrictions for connection of the operating grounding system to the grounding device of protective grounding; 

9) metal sheathes of telecommunication cables.
Current-conducting parts entering a building from outside must be connected as close as possible to the point of their input in the building.
For connection to the main potential compensation system all the said parts must be connected to the main ground bar (1.7.119-1.7.120) using the potential compensation system conductors. 
1.7.83. The system of additional potential compensation must interconnect all exposed current-conducting parts of stationary electric equipment and outside current-conducting parts that can be touched simultaneously, including accessible for touching metal parts of a building engineering structures as well as neutral protection conductors in the TN system and protective earthing leads in the systems IT and ТТ including protection conductors of sockets.
For potential compensation there may be used special conductors or exposed and outside current-conducting parts if they meet the requirements of 1.7.122 to protection conductors in terms of conduction and continuity of an electric circuit.
1.7.84. Protection using double and improved insulation may be arranged using electric equipment of class II or encasing the electric equipment fitted only with the main insulation of live parts into an insulating enclosure.
The current-conducting parts of equipment with double insulation must not be connected to the protection conductor and potential compensation system.
1.7.85. Protective electrical isolation of circuits should be used, as a rule, for one circuit.
The highest operating voltage of tapping circuit must not exceed 500 V.
A tapping circuit must be powered from an isolating transformer in compliance with GOST 30030 Isolating Transformers and Safe Isolating Transformers, or from another power supply providing the same degree of safety.

Live parts of a circuit fed from an isolating transformer must not have connections with grounded parts and protection conductors of other circuits.
It is recommended to lay the conductors of circuits fed from an isolating transformer separately from other circuits. If it is not possible, it is necessary to use cables without metal sheath, armor, screen or insulated wires laid in insulating conduits, boxes and ducts, for such circuits, provided that the rated voltage of these cables and wires corresponds to the highest voltage of circuits laid together, and each circuit is protected from over-currents.

If power from an isolating transformer is supplied only to one electrical appliance, its exposed current-conducting parts must be connected neither to the protection conductor not to exposed current-conducting parts of other circuits.
It is allowed to supply power to several electrical appliances from one isolating transformer provided the following conditions are observed simultaneously: 
1) exposed current-conducting parts of a tapping circuit must not have electrical communication with the metal body of a power supply;
2) exposed current-conducting parts of a tapping circuit must be interconnected by insulated ungrounded conductors of the local system of potential compensation, which has no connections with protection conductors and exposed current-conducting parts of other circuits;
3) all sockets must have a protective contact connected to the local ungrounded system of potential compensation;
4) all flexible cables except for those feeding equipment of class II must have a protection conductor used as a conductor of potential compensation;
5) the time of de-energization by a protective device during two-phase short circuit to exposed current-conducting parts must not exceed time specified in table 1.7.2.
1.7.86. Insulating (non-current-conducting) rooms, areas and platforms may be used in electrical installations with voltage up to 1 kV, if requirements for automatic de-energization can not be complied with, and the use of other protective measures is either impossible or inexpedient.

Resistance with regard to the local ground, insulating floor or walls of such rooms, areas and platforms in any point must be not less than:
50 kΩ with rated voltage of an electrical installation up to 500 V inclusive measured by a megohmmeter for a voltage of 500 V;

100 kΩ with rated voltage of an electrical installation more than 500 V measured by a megohmmeter for a voltage of 1000 V;
If at any point the resistance is less than the said one, such rooms, areas and platforms must not be considered as a protective measure from electric shock.
For insulating (non-current-conducting) rooms, areas, platforms, it is allowed to use electric equipment of class 0, provided at least one of the three following conditions is observed:

1) exposed current-conducting parts are removed one from another and from outside current-conducting parts to a distance of 2 m at least. It is allowed to reduce this distance outside of the area of reach to 1.25 m.
2) exposed current-conducting parts are separated from outside current-conducting parts by barriers of insulating materials. At the same time, distances not less than those, specified in clause 1, must be available from one side of the barrier;
3) outside current-conducting parts are covered with insulation sustaining test voltage not less than 2 kV during 1 min.
In insulating rooms (areas) the protection conductor is not required.
Measures must be taken to prevent transfer of voltage potential to the room outside current-conducting parts from outdoors.
The floor and walls of such rooms must not be subject to moisture attack.
1.7.87. When arranging protective measures for electrical installations with voltage up to 1 kV, classes of used electric equipment as per the mode of protection of people from electric shock as per GOST 12.2.007.0 Occupation safety standards system. Electrical equipment. General Safety Requirements should be assumed in accordance with table 1.7.3.
Table 1.7.3

Use of electric equipment for electrical installations with voltage up to 1 kV
	Class
as per GOST
12.2.007.0

Р IEC536
	Marking
	Protection design
	Conditions of use of electric equipment in an electrical installation

	Class 0
	-
	During indirect touching
	1. Use in non-current-conducting rooms.
2. Power supply from the isolating transformer secondary winding only to one electrical appliance

	Class I
	Protective clamp – sign 
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 or letters PE or two yellow and green strips  
	During indirect touching
	Connection of a grounding clamp of electric equipment to the protection conductor of an electrical installation 

	Class II
	Sign 
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	During indirect touching
	Regardless of protective measures used for an electrical installation 

	Class III
	Sign 
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	From direct and indirect touching
	Power supply from a safe isolating transformer


Grounding devices of electrical installations
with voltage higher than 1 kV in mains with effectively grounded neutral
1.7.88. Grounding devices of electrical installations with voltage higher than 1 kV in mains with an effectively grounded neutral should be arranged in accordance with requirements either to their resistance (1.7.90) or touch voltage (1.7.91) as well as in accordance with requirements for design (1.7.92-1.7.93) and to voltage limitation on the grounding device (1.7.89). The requirements of 1.7.89-1.7.93 do not apply to grounding devices of high-voltage line supports.
1.7.89. Voltage on a grounding device during leak from it of ground short circuit current must not, as a rule, exceed 10 kV. Voltage higher than 10 kV is allowed for grounding devices from which transfer of voltage potential outside buildings and external guards of electrical installations is prevented. With grounding device voltage higher than 5 kV measures must be taken to protect insulation of tapping cables and teleautomatics and to prevent transfer of dangerous voltage potential outside an electrical installation.
1.7.90. A grounding device arranged in accordance with requirements for its resistance at any time of year must have resistance not more than 0.5 Ω with resistance of natural and artificial grounding electrodes taken into account.

For voltage potential equalization and connection of electric equipment to a grounding electrode in the area with installed equipment, longitudinal and transversal horizontal grounding electrodes should be laid and united into a ground grid.

Longitudinal grounding electrodes must be laid along the electric equipment axes from the operator side at a depth of 0.5-0.7 m from the ground surface and a distance of 0.8-1.0 m from the equipment foundations and bases. It is allowed to increase distances from foundations or bases to 1.5 m laying one grounding electrode for two rows of equipment, if the operator sides face each other, and the distance between bases or foundations of two rows does not exceed 3.0 m.
Transversal grounding electrodes should be laid at convenient places between the pieces of the equipment at a depth of 0.5-0.7 m from the ground surface. It is recommended to assume the distance between them as increasing one from periphery to the ground grid centre. In such cases the first and the next distances starting from the periphery must not exceed 4.0; 5.0; 6.0; 7.5; 9.0; 11.0; 13.5; 16.0; 20.0 m respectively. The sizes of the ground grid cells adjoining the places of connection of power transformer neutrals and short-circuiting switches to the grounding device must not exceed 6 x 6 m.
Horizontal grounding electrodes should be laid at the edge of the area occupied by a grounding device so their combination forms a closed contour.
If the contour of a grounding device is located within the limits of an electrical installation external guard, voltage potential at entries for people and vehicles should be equalized by installation of two vertical grounding electrodes connected to the external horizontal grounding electrode in front of entries for people and vehicles. Vertical grounding electrodes must be 3-5 m long, and the distance between them must be equal to the width of entries for people and vehicles.
1.7.91. A grounding device arranged in accordance with the requirements for touch voltage at any time of year must ensure that during a leak from of ground short circuit the values of touch voltage do not exceed the specified values (see GOST 12.1.038). In such cases the grounding device resistance shall be determined as per permissible grounding device voltage and ground short circuit current.
When determining values of permissible touch voltage, the sum of the protection operation time and the total inoperative time of the breaker should be assumed as the impact rated time. To determine permissible values of touch voltage at working places, where during operational switching short circuit can occur in the structure that can be touched by the staff performing switching, backup protection operation time should be assumed, and for the rest of the area – the time of main protection operation. 
Note: A working place should be understood as a place of operational servicing of electrical devices.
Location of longitudinal and transversal horizontal grounding electrodes must be determined in accordance with requirements for reduction of touch voltage to specified values and ease of connection of the grounding equipment. The distance between the longitudinal and transversal horizontal artificial grounding electrodes must not exceed 30 m, and the depth of their laying underground must be 0.3 m at least. To reduce touch voltage at working places a layer of gravel 0.1-0.2 m thick may be put, if required.
In case of unification of grounding devices with different voltage in one common grounding device, touch voltage must be determined as per the greatest ground short circuit current of the united outdoor switchgear.
1.7.92. During arrangement of grounding devices in accordance with requirements for resistance and touch voltage, it addition to requirements of 1.7.90-1.7.91 one should:
lay earthing leads, connecting equipment or structures to a grounding electrode, undeground at a depth of 0.3 m at least.
lay longitudinal and transversal horizontal grounding electrodes (in four directions) near the places of location of grounding neutrals of power transformers, short-circuiting switches.

If a grounding device goes outside of an electrical installation guard, grounding electrodes situated outside the electrical installation area should be laid at a depth of 1 m at least. In this case it is recommended to arrange the external contour of the grounding device in the form of a polygon with obtuse or rounded angles.
1.7.93. It is not recommended to connect the external fence of electrical installations to the grounding device.
If there are high-voltage lines of 110 kV and higher going out from an electrical installation, the fence should be grounded with vertical grounding electrodes 2-3 m long installed near the poles of the fence along all its perimeter every 20-50 m. Installation of such grounding electrodes is not required for a fence with metal poles and with concrete poles which reinforcement bars are electrically connected to metal sections of the fence.
In order to remove the electrical connection of an external fence to a grounding device, the distance between the fence and the grounding device elements, located along it on the internal, external or both sides, must be 2 m at least. Grounding electrodes, conduits and cables with metal sheath or armor and other metal utility lines going outside the fence must be laid in the middle between the fence poles at a depth of 0.5 m at least. In places where the external fence adjoins buildings and structures as well as in places where internal metal fences adjoin the external fence, brick and wood inserts 1 m long at least must be installed.
Electrical appliances installed on the external fence should be powered from isolating transformers. These transformers may not be installed on the fence. The line connecting the secondary winding of an isolating transformers with the electrical appliance installed on the fence must be insulated from the ground for rated value of voltage on the grounding device.
If implementation of one of the said measures is not possible, metal parts of the fence should be connected to the grounding device and potential equalization should be arranged in such a way, that touch voltage on the external and internal side of the fence don’t exceed accepted values. For this purpose during arrangement of the grounding device as per permissible resistance, a horizontal grounding electrode must be laid on the external side of the fence at a distance of 1 m from it and at a depth of 1 m. This grounding electrode should be connected to the grounding device in four points at least.
1.7.94. If the grounding device of an electrical installation with voltage higher than 1 kV of the main with effectively grounded neutral is connected to the grounding device of another electrical installation using a cable with metal sheath or armor or other metal connections, for potential equalization around the said other electrical installation or building, in which it is located, observation of one of the following conditions is required:

1) laying underground at a depth of 1 m and at a distance of 1 m from the building foundation or the area perimeter, where the equipment is installed, of a grounding electrode connected to the potential compensation system of this building or this area, and at entries for people and vehicles - laying of conductors at a distance of 1 and 2 m from the grounding electrode at a depth of 1 and 1.5 m respectively, and connection of these conductors to the grounding electrode.
2) use of concrete foundations as grounding electrodes in accordance with 1.7.109, provided the permissible level of potential equalization is achieved. Observation of conditions for potential equalization by means of concrete foundations used as grounding electrodes shall be determined in accordance with GOST 12.1.030 Electrosafety. Protective grounding. Neutral grounding.
Observation of conditions specified in clauses 1 and 2 is not required, if asphalt perimeter walks including those at entries for people and vehicles are available around buildings. If there is no perimeter walk at any entry for people (entry for vehicles), then at this entry for people (entry for vehicles) potential equalization shall be achieved by laying two conductors, as specified in clause 1, or the condition as per clause 2 is observed. At the same time in all cases requirements of 1.7.95 must be met.
1.7.95. To prevent transfer of voltage potential supplying power to electrical appliances located beyond the grounding devices of electrical installations with voltage of 1 kV of the mains with an effectively grounded neutral from windings up to 1 kV with the grounded neutral of transformers, located within the grounding device contour of an electrical installation with voltage higher than 1 kV, is not allowed.
If required, power to such electrical appliances may be supplied from a transformer with an insulated neutral on the side of voltage up to 1 kV through a cable line, consisting of a cable without metal sheath and armor, or through a high-voltage line.
In such cases voltage at the grounding device must not exceed the voltage of operation of the film cutout installed on the low voltage side of a transformer with an insulated neutral.
Such electrical appliances may also be powered from an isolating transformer. An isolating transformer and the line from its secondary winding to the electrical appliance, if it goes across the area occupied by the grounding device of an electrical installation with voltage higher than 1 kV, must have insulation from the earth for a rated value of voltage at the grounding device.
Grounding devices of electrical installations
with voltage higher than 1 kV in mains with insulated neutral
1.7.96. For electrical installations with voltage higher than 1 kV of mains with an insulated neutral, resistance of the grounding device during passage of rated ground short circuit current at any time of year with resistance of natural grounding electrodes taken into account must be
R ( 250/I,

but not more than 10 Ω, where I is rated ground short circuit current, A 
As a rated current the following shall be assumed:
1) in mains without capacitance current compensation - ground short circuit current;
2) in mains with capacitance current compensation:
for grounding devices to which compensating devices are connected – the current equal to 125% of the rated current of the most powerful of those devices;
for grounding devices to which compensating devices are not connected – the ground current passing in this main upon switching off of the most powerful of those devices.
The rated ground current must be determined for that possible diagram of the main operation at which this current has the greatest value.
1.7.97. When using a grounding device simultaneously for electrical installations with voltage up to 1 kV with an insulated neutral the conditions of 1.7.104 must be observed.
When using a grounding device simultaneously for electrical installations with voltage up to 1 kV with a dead-earth grounded neutral, the grounding device resistance must not exceed the value specified in 1.7.101, or sheathes and armor of two cables at least for voltage up to or higher than 1 kV or both voltages must be connected to the grounding device; the total length of those cables must be 1 km at least.
1.7.98. For substations with voltage 6-10/0.4 kV there must be arranged one common grounding device to which the following must be connected:
1) transformer neutral on the side of voltage up to 1 kV;
2) transformer body;
3) metal sheathes and armor of cables with voltage up to 1 kV;
4) exposed current-conducting parts of electrical installations with voltage up to 1 kV and higher;
5) outside current-conducting parts.
Around the area occupied by a substation, at a depth of 0.5 m at least and at a distance of not more than 1 m from the edge of the substation building foundation, or from the edge of foundations of the equipment installed outdoors, a closed horizontal grounding electrode (contour) connected to the grounding device must be laid. 
1.7.99. A grounding device of the main with voltage higher than 1 kV with an insulated neutral united with the grounding device of the main with voltage higher than 1 kV with an effectively grounded neutral into one common grounding device must also comply with requirements of 1.7.89-1.7.90. 
Grounding devices of electrical installations
with voltage of 1 kV in mains with a dead-earth grounded neutral

1.7.100. In electrical installations with a dead-earth grounded neutral, the neutral of an AC three-phase generator or transformer, the middle point of a DC power supply, one of the outputs of a one-phase power supply must be connected to the grounding electrode using an earthing lead.
An artificial grounding electrode, designed for grounding of the neutral, as a rule, must be located near the generator or transformer. For intrashop substations, it is allowed to locate the grounding electrode near a wall of a building.
If the foundation of a building where the substation is located is used as natural grounding electrodes, the neutral of a transformer should be grounded by connecting to two metal columns or embedded items at least welded to the reinforcement of two concrete foundations at least.
If built-in substations are located on different floors of a multistory building, the transformer neutral of such substations must be grounded using a specially laid earthing lead. In this case the earthing lead must be additionally connected to the closest to the building column transformer, and its resistance must be taken into account during determination of the spreading resistance of the grounding device the transformer neutral is connected to.
In all cases measures must be taken to ensure continuity of the grounding circuit and protection of the earthing lead from mechanical damage.
If a current transformer is included in the PEN-conductor, connecting the transformer or generator neutral to the PEN bus of a switchgear with voltage up to 1 kV, the earthing lead must be connected not to the transformer or generator neutral directly, but to the PEN-conductor immediately, if possible, downstream the current transformer. In this case the PEN-conductor must be divided into РЕ- and N-conductors in the TN system-S also downstream from the current transformer. The current transformer should be located as close as possible to the generator or transformer neutral output.
1.7.101. The resistance of a grounding device the neutrals of a generator or transformer or outputs of a one-phase current power supply are connected to, at any time of year, must not exceed 2, 4 and 8 Ω respectively at linear voltages of 660, 380 and 220 V of the three-phase current power supply and 380, 220 and 127 V of the one-phase current power supply. This resistance must be ensured taking into account natural grounding electrodes as well as grounding electrodes of second grounding of PEN- or PE-conductors of a high-voltage line up to 1 kV with two outgoing lines at least. The resistance of a grounding electrode located in close vicinity to the neutral of a generator or transformer or the output of an one-phase current power supply must not exceed 15, 30 and 60 Ω respectively at linear voltages of 660, 380 and 220 V of a three-phase current power supply and 380, 220 and 127 V of an one-phase current power supply.
At soil resistivity ( > 100 Ω(m, these norms may be increases by 0.01( times, but not more than tenfold.
1.7.102. At the ends of high-voltage lines or tapping from them longer than 200 m as well as at inputs of high-voltage lines to electrical installations where automatic de-energization is used as a protective measure during indirect touching, the second grounding must be arranged for the PEN-conductor.  In this case, artificial grounding electrodes, for example, underground parts of supports, as well as grounding devices designed for lightning overvoltage, should be used (see chapter 2.4).

The said second grounding shall be arranged if more frequent grounding is not required for protection from lightning overvoltage.
For the second grounding of a PEN-conductor in DC mains separate artificial grounding electrodes without metal connections with underground pipelines must be used.
Earthing leads for second grounding of a PEN-conductor must have sizes not less than those presented in table 1.7.4.
Table 1.7.4

The smallest sizes of grounding electrodes and earthing leads
laid underground
	Material
	Section profile
	Diameter,
mm
	Cross section, mm
	Wall
thickness, mm

	Carbon
	Round:
	
	
	

	steel
	for vertical grounding electrodes;
	16
	-
	-

	
	for horizontal grounding electrodes
	10
	-
	-

	
	Right-angled
	-
	100
	4

	
	Angled
	-
	100
	4

	
	Tubular
	32
	-
	3.5

	Galvanized
	Round:
	
	
	

	steel
	for vertical grounding electrodes;
	12
	-
	-

	
	for horizontal grounding electrodes
	10
	-
	-

	
	Right-angled
	-
	75
	3

	
	Tubular
	25
	-
	2

	Copper
	Round
	12
	-
	-

	
	Right-angled
	-
	50
	2

	
	Tubular
	20
	-
	2

	
	Strand wire
	1.8*
	35
	


__________

* Diameter of each wire.

1.7.103. Total spreading resistance of grounding electrodes (including the natural ones) of all second groundings of a PEN-conductor of every high-voltage line at any time of year must not exceed 5, 10 and 20 Ω respectively at linear voltages of 660, 380 and 220 V of a three-phase current power supply or 380, 220 and 127 V of a one-phase current power supply. At this the spreading resistance of the grounding electrode of every second grounding must not exceed 15, 30 and 60 Ω respectively at the same voltages.
At soil resistivity ( > 100 Ω(m, these norms may be increased by 0.01( times, but not more than tenfold.
Grounding devices of electrical installations with voltage
up to 1 kV in mains with an insulated neutral
1.7.104. The resistance of a grounding device used for protective grounding of exposed current-conducting parts in the system IT must correspond to the condition:
R ( Utouc/I,
where R is the grounding device resistance, Ω;
Utouc is touch voltage which value shall be assumed equal to 50 V (see also 1.7.53);

I is total ground short circuit current, A.
As a rule, assuming the value of a grounding device resistance less than 4 Ω is not required. It is allowed to assume the grounding device resistance up to 10 Ω provided the said condition is observed and the generator or transformer power does not exceed 100 kV(A including the total power of generators and transformers operating in parallel.
Grounding devices in areas with high soil resistivity

1.7.105. It is recommended to arrange the grounding devices of electrical installations with voltage higher than 1 kV with an effectively grounded neutral in areas with high soil resistivity, including the areas of permafrost, in accordance with requirements for touch voltage (1.7.91).
In rock structures horizontal grounding electrodes may be laid at a lesser depth than it is required in accordance with 1.7.91-1.7.93, but not less than 1.15 m. In addition, vertical grounding electrodes at entries for people and vehicles required in accordance with 1.7.90 may not be laid. 
1.7.106. During installation of artificial grounding electrodes in areas with high soil resistivity, it is recommended to take the following measures:
1) installation of vertical grounding electrodes of increased length if with increase of depth soil resistivity reduces, and natural grounding electrodes (for example, wells with metal casing) are not available;
2) installation of extension grounding electrodes, if near (up to 2 km) an electrical installation there are places with lesser soil resistivity;
3) putting in trenches around horizontal grounding electrodes in rock structures of wet clay ground with its further packing and covering with gravel up to the trench top;
4) artificial treatment of soil in order to reduce its electrical resistivity if other methods can not be used or don’t bring the required result.
1.7.107. In addition to recommendations presented in 1.7.106, in the areas of permafrost one should:
1) place grounding electrodes in non-freezing ponds and thawed areas;
2) use well casing;
3) in addition to deeper grounding electrodes, use extended grounding electrodes at a depth of 0.5 m, designed for operation in summer when the top layer of soil thawed;
4) create artificial thawed areas.

1.7.108. In electrical installations with voltage higher than 1 kV as well as up to 1 kV with an insulated neutral for the soil with resistivity more than 500 Ω(m, if measures in accordance with 1.7.105-1.7.107 do not allow to arrange acceptable in terms of economic considerations grounding devices, values of grounding device resistivity in accordance with this chapter may be increased by 0.002( times, where ( is soil resistivity, Ω(m. At this, increase of grounding device resistivity values must not exceed tenfold.
Grounding electrodes
1.7.109. The following may be used as natural grounding electrodes:
1) metal and reinforced concrete components of buildings and structures being in contact with ground, including the reinforced concrete foundations of buildings and structures having protective waterproof coating in non-aggressive, slightly aggressive and middle-aggressive environment. 
2) metal water pipelines laid underground;
3) bore well casing;
4) metal grooves of waterworks, water conduits, embedded parts of gates etc; 
5) tracks of nonelectrified mainline railroads and sidings provided links between rails are installed for this purpose; 
6) other underground metal components and structures;
7) metal sheathes of armored cables laid underground. Cable sheathes may be used as natural grounding electrodes, if there are two cables at least. Aluminum cable sheathes may not be used as grounding electrodes.
1.7.110. It is not allowed to use pipelines for inflammable liquids, inflammable or explosive gases and mixtures as well as sewerage and central heating pipelines as grounding electrodes. The said restrictions do not exclude connection of such pipelines to a grounding device with the purpose of potential compensation in accordance with 1.7.82. 
Reinforced concrete components of buildings and structures with preliminary stressed reinforcement bars should not be used as grounding electrodes; however, this restriction does not apply to high-voltage line supports and outdoor switchgear supporting structures.

A possibility to use natural grounding electrodes as per density of currents passing through them, a need to weld reinforcement bars of concrete foundations and structures, to weld hold-down bolts of steel columns to reinforcement bars of concrete foundations as well as a possibility to use foundations in high aggressive environments must be determined by calculations.

1.7.111. Artificial grounding electrodes may be made of carbon or galvanized steel or copper.
Artificial grounding electrodes must not be painted.
Materials and minimum sizes of grounding electrodes must correspond to those presented in table 1.7.4.
1.7.112. The section of horizontal grounding electrodes for electrical installations with voltage higher than 1 kV should be selected as per heat resistance condition at permissible temperature of heating of 400 °С (short term heating corresponding to the time of protection operation and breaker switching off).
In case of hazard of corrosion for grounding devices one of the following measures should be taken:
increase sections of grounding electrodes and earthing leads with their design life taken into account;
use galvanized or copper grounding electrodes and earthing leads;
In such cases possible increase of grounding device resistance caused by corrosion should be taken into account.
Trenches for horizontal grounding electrodes must be filled with uniform soil without gravel and material debris.
Grounding electrodes should not be placed (used) in places where soil dries under the effect of pipeline heat etc.
Earthing leads

1.7.113. The sections of earthing leads in electrical installations with voltage up to 1 kV must comply with the requirements of 1.7.126 to protection conductors.
The minimum sections of earthing leads laid underground must comply with those presented in table 1.7.4.
Laying underground of aluminium uninsulated conductors is not allowed.
1.7.114. In electrical installations with voltage higher than 1 kV the sections of earthing leads must be selected so that during passage through them of the maximum one-phase short circuit current in electrical installations with an effectively grounded neutral or two-phase short circuit current in electrical installations with an insulated neutral, the temperature of the earthing lead don’t exceed 400 °С (short term heating corresponding to the time of protection operation and breaker switching off).
1.7.115. In electrical installations with voltage higher than 1 kV with an insulated neutral, the conductivity of earthing leads with 25 mm2 section for copper or equal to it of other materials must make up not less than 1/3 of phase conductor conductivity. As a rule, the use of copper conductors with sections larger than 25 mm2, aluminium - 35 mm2, steel - 120 mm2, is not required.
1.7.116. For measurement of grounding device resistance, a possibility to disconnect the earthing lead must be envisaged at a convenient place. For electrical installations with voltage up to 1 kV, this place, as a rule, is the main ground bar. The disconnection of an earthing lead must be made possible only with tools.
1.7.117. The earthing lead connecting the grounding electrode of operating (functional) grounding to the main ground bar in electrical installations with voltage up to 1 kV must have a section not less than: copper - 10 mm2, aluminum - 16 mm2, steel - 75 mm2.
1.7.118. At the places of earthing lead input in buildings, the identifying sign 
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  must be provided.
Main ground bar
1.7.119. A main ground bar must be installed inside the input equipment of an electrical installation with voltage up to 1 kV or separately from it.
Inside the input equipment, a bus PE must be used as a main ground bar. 
When the main ground bar is installed separately it must be located at an accessible, easy for operation place near the input equipment.
The section of a separately installed main ground bar must be not less than the section of РЕ (pen)-conductor of the feeding line.
As a rule, the main ground bar must be copper. A steel main ground bar may be used. Aluminum main ground bars may not be used.
The design of the bar must be provided for individual disconnection of conductors connected to it. Disconnection must be made possible only with tools.

At places accessible only to the qualified staff (for example, power control rooms of residential buildings), the main ground bar should be installed in the open. At places accessible to unauthorized persons (for example, in building entrances or basements) it must have a protective enclosure – a cabinet or a box with a locked door. The sign 
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 must be present on the door or the wall above the bar.
1.7.120. If a building has several separate inputs, a main ground bar shall be installed for each input equipment. If built-in transformer substations are available, a main ground bar must be installed near any one of them. These bars must be interconnected with a potential compensation conductor which section must be not less than a half of the РЕ (pen)-conductor of the line outgoing from the substation low voltage boards which has the largest section. For connection of several main ground bars there may be used outside current-conducting parts if they comply with requirements of 1.7.122 to continuity and conduction of an electric circuit.
Protection conductors (PE-conductors)
1.7.121. For electrical installations with voltage up to 1 kV the following may be used as РЕ-conductor:
1) specially provided conductors:
bundled cable cores;
insulated and uninsulated wires in a common sheath with phase wires;
stationary laid insulated and uninsulated conductors;
2) exposed current-conducting parts of electrical installations:
aluminum sheathes of cables;
steel conduits of wiring;
metal enclosures and supporting structures of busbars and factory-built complete devices.
Metal boxes and trays of wiring may be used as protection conductors, if the design of boxes and trays provide for such a use which is supported by the manufacturer documents, and their location excludes a possibility of mechanical damage;
3) some outside current-conducting parts:
metal construction components of buildings and structures (girders, columns etc.);

reinforcement bars of concrete components of buildings provided the requirements 1.7.122 are complied with;
metal structures of production purpose (crane rails, galleries, platforms, shafts of lifts, hoists, elevators, framework of ducts etc.).
1.7.122. Exposed and outside current-conducting parts may be used as pe-conductors, if they comply with requirements of this chapter to conduction and continuity of an electric circuit.

Outside current-conducting parts may be used as PE-conductor, if, in addition, they simultaneously meet the following requirements:
1) continuity of an electric circuit is provided by their design or appropriate connections protected from mechanical, chemical and other damage;

2) their dismantling is impossible, if measures for maintenance of continuity of a circuit and its conductivity are not taken.

1.7.123. The following may not be used as PE-conductors:
metal enclosures of tubes and cellular conductors, bearing ropes of rope wiring, metal hoses and lead sheathes of wires and cables;
gas supply pipelines and other pipelines for inflammable and explosive substances and mixtures, sewerage and central heating pipes;

water-supply pipes if they have insulating inserts.

1.7.124. Neutral protective conductors of circuits may not be used as neutral protective conductors of electric equipment fed through other circuits; it is not allowed either to use exposed current-conducting parts of the electric equipment as neutral protective conductors for other electric equipment except for enclosures and supporting structures of busbars and factory-made complete devices provided for connection to them of neutral protective conductors at required places.

1.7.125. The use of specially provided protection conductors for other purposes is not allowed.

1.7.126. The minimum sections of protection conductors must correspond to values presented in table 1.7.5.
Sections are given for the case if protection conductors are made from the same material as the phase conductors. The sections of protection conductors of other materials must be equal in terms of conductivity to the said sections.
Table 1.7.5

Minimum sections of protection conductors
	Section of phase conductors, mm2 
	Minimum section of protection conductors, mm2

	S ( 16
	S

	16 < S ( 35
	16

	S > 35
	S/2


If required, it is allowed to assume the section of a protection conductor lesser than necessary, if it is calculated by the formula (only for the time of de-energization ( 5 s); 
S ( I
[image: image52.wmf]t

/k,
where S is the cross section of the protection conductor, mm2;
I is the short circuit current ensuring the time of de-energization of a damaged circuit by a protective device in accordance with tables 1.7.1 and 1.7.2 during a period of time not more than 5 s in accordance with 1.7.79, А;
t is the time of operation of a protective device, s;
k is the factor which value depends on material of the protection conductor, its insulation, initial and final temperatures. The value k for protection conductors under different conditions is given in tables 1.7.6-1.7.9.
If calculations give a section different from the value presented in table 1.7.5, the closest largest value should be selected; if a non-standard section was obtained, the conductors of the closest largest standard section should be used.
During determination of the protection conductor section, the values of maximum temperature must not exceed maximum permissible temperatures of conductor heating at short circuit in accordance with chapter 1.4, and for electrical installations in explosion hazard areas, they must correspond to GOST 22782.0 Explosion Proof Electrical Device. General Requirements and Methods of Testing.
1.7.127. In all cases, the section of copper protection conductors not making part of a cable or laid not in a common sheath (conduit, box, on one tray) with phase conductors must be not less than:
2.5 mm2 – with mechanical protection;
4 mm2 – without mechanical protection;
The section of separately laid aluminium protection conductors must not be less then 16 mm2.
1.7.128. In the ТN system to comply with requirements of 1.7.88, it is recommended to lay neutral protection conductors together or in close vicinity to phase conductors.

Table 1.7.6

Value of the factor k for insulated protection conductor,

not making part of a cable, and for uninsulated conductors, having contact with the sheath
of cables (initial temperature of the conductor is assumed equal to 30 °С)
	Parameter
	Insulation material

	
	Polyvinylchloride
(PVC)
	Polyvinylchloride
(PVC)
	Butyl rubber

	Final temperature, °С
	160
	250
	220

	k of conductor:
	
	
	

	copper
	143
	176
	166

	aluminum
	95
	116
	110

	steel
	52
	64
	60


Table 1.7.7
Value of the factor k for a protection conductor,

making part of a bundled cable
	Parameter
	Insulation material

	
	Polyvinylchloride
(PVC)
	Cross-linked polyethylene,

ethylene-propylene rubber
	Butyl rubber

	Initial temperature, °С
	70
	90
	85

	Final temperature, °С
	160
	250
	220

	k of conductor:
	
	
	

	copper
	115
	143
	134

	aluminum
	76
	94
	89


Table 1.7.8
Value of the factor k when using as a protection
conductor the aluminium sheath of a cable
	Parameter
	Insulation material

	
	Polyvinylchloride
(PVC)
	Cross-linked polyethylene,

ethylene-propylene rubber
	Butyl
rubber

	Initial temperature, °С
	60
	80
	75

	Final temperature, °С
	160
	250
	220

	k
	81
	98
	93


Table 1.7.9
Value of the factor k for uninsulated conductors,

when the said temperatures do not cause hazard of damage to
materials located nearby (initial temperature of the conductor is assumed equal to 30 °С)

	Material
of conductor
	Conditions
	Conductors

	
	
	Laid openly or at specially allocated places
	Used

	
	
	
	in normal environment
	fire hazardous environment

	Copper
	Maximum temperature, °С
	500*
	200
	150

	
	K
	228
	159
	138

	Aluminum
	Maximum temperature, °С
	300*
	200
	150

	
	K
	125
	105
	91

	Steel
	Maximum temperature, °С
	500*
	200
	150

	
	K
	82
	58
	50


_____________

* The indicated temperatures are allowed if they don’t worsen joint quality.

1.7.129. At places where phase conductor insulation can be damaged as a result of arc drawing between an uninsulated neutral protection conductor and metal enclosure or structure (for example, when wires are laid in conduits, boxes, trays), the neutral protection conductors must have the insulation equal to the insulation of phase conductors.
1.7.130. Uninsulated PE-conductors must have protection against corrosion. At places of crossing of PE-conductors with cables, pipelines, rail tracks, at places of their input to buildings and at other places where mechanical damage is possible to PE-conductors, these conductors must be protected.
At places of crossing of expansion and settlement joints the compensation of PE-conductor length must be envisaged.

Combined neutral protection and neutral
operational conductors (PEN-conductors)
1.7.131. In polyphase circuits of the TN system for permanently laid cables with core section not less than 100 mm2 for copper and 16 mm2 for aluminium, the functions of a neutral protective (PE) and neutral operational (N) conductors can be combined in one conductor (PEN-conductor).
1.7.132. The functions of a neutral protective and neutral operational conductors may not be combined in one-phase current and DC circuits. In these circuits a separate third conductor must be used as a neutral protective conductor. These requirements do not apply to tappings from high-voltage lines with voltage up to 1 kV routed to one-phase electric energy consumers.
1.7.133. Outside current-conducting parts may not be used as a single PEN-conductor.
This requirement does not exclude the use of exposed and outside current-conducting parts as an additional PEN-conductor when they are connected to a potential compensation system.
1.7.134. Specially provided PEN-conductors must comply with the requirements of 1.7.126 to protection conductor sections as well as to the requirements of chapter 2.1 to a neutral operational conductor.
The insulation of PEN-conductors must be equal to the insulation of phase conductors. Insulation of the bus PEN of low-voltage complete device collecting buses is not required.
1.7.135. When a neutral operational and neutral protective conductors are divided starting from a point of an electrical installation, they may not be combined downstream this point as energy is distributed. At the place of division of a PEN-conductor into a neutral protective and neutral operational conductors individual terminals or buses for conductors connected between each other must be used. The feeding line PEN-conductor must be connected to the terminal or bus of the neutral protective PE-conductor.
Conductors of the potential compensation system
1.7.136. The exposed and outside current-conducting parts specified 1.7.121 or specially laid conductors or their combination may be used as conductors of the potential compensation system.
1.7.137. The section of conductors of the main potential compensation system must be not less than a half of the largest section of the protection conductor of an electrical installation, if, at this, the section of the potential compensation conductor does not exceed 25 mm2 for copper or equal to it of other materials. As a rule, the use of conductors of larger section is not required. The section of conductors of the main potential compensation system in any case must not be less than: copper - 6 mm2, aluminum - 16 mm2, steel - 50 mm2.
1.7.138. The section of conductors of the additional potential compensation system must not be less than:

if connecting two exposed current-conducting parts – the section of the smaller protection conductor connected to these parts;
if connecting an exposed current-conducting part and an outside current-conducting part – a half of the section of the protection conductor connected to the exposed current-conducting part.
The sections of conductors of additional potential compensation not making part of a cable must comply with the requirements of 1.7.127.
Joints and connections of grounding, protection conductors 
and conductors of the system of potential compensation and equalization
1.7.139. The joints and connections of earthing leads, protection conductors and conductors of the system of potential compensation and equalization must be reliable and ensure the continuity of an electric circuit. It is recommended to connect steel conductors by welding. In rooms and at outside installation without aggressive environment earthing leads and neutral protection conductors may be connected by other methods in accordance with requirements of GOST 10434 Electrical Contact Connections. General Requirements for the 2nd class of connections.
Connections must be protected against corrosion and mechanical damage.
For bolt joints measures must be taken to prevent contact loosening.
1.7.140. Joints must be accessible for visual inspection and testing except for joints filled with compounds or sealed as well as joints welded, brazed, pressed to heating elements in heating systems and their connections located in floors, walls, ceilings and underground. 
1.7.141. When using means of monitoring the continuity of a grounding circuit, it is not allowed to connect their coils in series with protection conductors.
1.7.142. The connections of earthing leads and neutral protective conductors and potential compensation conductors to exposed current-conducting parts must be bolted or welded.
Connections of the equipment subject to frequent dismantling and installed on rotating parts as well as on parts subject to shock and vibration must be made with flexible conductors. 
The connections of protection conductors of wiring and high-voltage lines should be performed using the same methods as for phase conductor connections.
When using natural grounding electrodes for grounding of electrical installations and outside current-conducting parts as protection conductors and potential compensation conductors contact connections should be made by methods specified by GOST 12.1.030 Occupation safety standards system. Electrosafety. Protective grounding. Neutral grounding.

1.7.143. Places and methods of connection of earthing leads to extended natural grounding electrodes (for example, pipelines) must be selected so that during disconnection of grounding electrodes for repairs the expected touch voltage and rated values of the grounding device resistance do not exceed safe values.
Bridging of water-meters, valves etc. should be made using a conductor of an appropriate section depending on whether it is used as a protection conductor of the potential compensation system, neutral protection conductor or protection earthing lead.
1.7.144. The connection of each exposed current-conducting parts of an electrical installation to a protection conductor or protection earthing lead must performed using a separate tapping. The connection of exposed current-conducting parts in a protection conductor in series is no allowed.

The connection of current-conducting parts to the main system of potential compensation must be made with separate tappings.
The connection of current-conducting parts to an additional system of potential compensation may be performed both with additional tappings and connection to one common non-detachable conductor.
1.7.145. It is not allowed to include switching devices in РЕ- and pen- conductor circuits, except for cases when electrical appliances are powered using socket connectors.

It is also allowed to simultaneously disconnect all conductors at the input of the electrical installation of individual residential, weekend and garden houses or facilities similar to them fed from high-voltage line tappings. In such cases division of the pen-conductor into РЕ- and n-conductors must be made upstream the protection switching device.

1.7.146. If protection conductors and/or potential compensation conductors may be disconnected using the same socket connector which is used for disconnection of appropriate phase conductors, the socket and plug of the connector must have special protection contacts for connection to them of protection conductors or potential compensation conductors.

If the body of a socket is made of metal, it must be connected to the protection contact of this socket.
Portable electrical appliances
1.7.147. According to the Electrical Installation Code portable electrical appliances are electrical appliances that can be in the hands of a person during their use (hand power tools, portable household electric appliances, portable electronic facilities etc.).
1.7.148. Portable electrical appliances should be powered from a main with voltage not higher than 380/220 V.
Depending on the category of a room in terms of people electric shock hazard (see chapter 1.1) for protection during indirect touching in circuits feeding portable electrical appliances there may be used automatic de-energization, protective electrical isolation of circuits, extra-low voltage, double insulation. 
1.7.149. When using automatic de-energization, metal bodies of portable electrical appliances except for electrical appliances with double insulation must be connected to a neutral protective conductor in the TN system or grounded in the IT system, for which a special protection (PE) conductor must be used, located in the same sheath with phase conductors (the third core of a cable or wire for one-phase or three-phase electrical appliances, the fourth or fifth cores – for three-phase electrical appliances) to be connected to the electrical appliance body or to the protection contact of a socket connector plug. The PE-conductor must be made of copper, flexible and its section must be equal to the section of phase conductors. For this purpose, the use of a neutral (N) operational conductor including the one located in the common sheath with phase conductors is not allowed.
1.7.150. It is allowed to use stationary and separate portable protection conductors and potential compensation conductors for portable electrical appliances of test laboratories and test installations which movement is not envisaged during operation. In such cases the stationary conductors must comply with requirements 1.7.121-1.7.130, and portable conductors must be copper, flexible and have sections not less than the phase conductors. When laying such conductors separately from a phase conductor cable, their sections must be not less than those specified in 1.7.127.
1.7.151. For additional protection against direct touching and during indirect touching, the sockets with rated current not more than 20 A of an external installation as well as an internal one, but to which portable electrical appliances used outdoors or in rooms with increased hazard and especially hazardous rooms, must be protected by breaking protection devices with rated breaking differential current not exceeding 30 mA. Hand power tools fitted with breaking protection device plugs may be used.
When using protective electrical isolation of circuits in tight rooms with the current-conducting floor, walls and ceiling as well as in accordance with requirements in appropriate chapters of the Electrical Installation Code in other rooms with an especial hazard, each socket must be fed from a separate isolating transformer or from its separate winding.
When using extra-low voltage, portable electrical appliances with voltage up to 50 V must be powered from a safe isolating transformer.
1.7.152. For connection of portable electrical appliances to the supply mains, socket connectors meeting the requirements of 1.7.146 should be used.
In socket connectors of portable electrical appliances, extension cords and cables, the conductor on the side of the power supply must be connected to the socket, and on the side of the electrical appliance – to the plug. 
1.7.153. It is recommended to locate circuit breaking protection devices in switchboards (branch, apartment). It is allowed to use sockets with a breaking protection device.
1.7.154. The protection conductor of portable wires and cables must be marked with yellow and green strips.
Mobile electrical installations
1.7.155. Requirements for mobile electrical installations shall not apply to:
ship electrical installations;
electric equipment installed on moving parts of machining units, machines and plant;
electrified transport;
living motor-vans.
For test laboratories the requirements of other appropriate regulatory documents must be complied with as well.
1.7.156. A self-contained mobile power supply is a power supply which allows feeding consumers independently from stationary power supplies (energy system).
1.7.157. Mobile electrical installations may be powered from stationary and self-contained mobile power supplies.
As a rule, when fed from a stationary electric main, power must be supplied from a power supply with a dead-earth grounded neutral using the systems TN-S and TN-C-S. Combination of functions of a neutral protective conductor PE and neutral operational conductor N in one common conductor PEN inside a mobile electrical installation is not allowed. Division of a feeding line PEN-conductor into a PE-conductor and N-conductor must be performed at the point of connection of the installation to the power supply. 
When feeding from a self-contained mobile power supply its neutral, as a rule, must be insulated. 
1.7.158. When feeding stationary electrical appliances from self-contained mobile power supplies, the mode of the neutral of a power supply and protective measures must comply with the mode of the neutral and protective measures applied to stationary electrical appliances.

1.7.159. In case of feeding mobile electrical installations from a stationary power supply for protection during indirect touching there must be used automatic de-energization in accordance with 1.7.79 utilizing an over-current protection device. In such cases the time of de-energization presented in table 1.7.1 must be reduced twice, or in addition to over-current protection device, a breaking protection device responding to differential current must be used.

For special electrical installations a breaking protection device responding to the body voltage potential relative to the earth may be used.
When using a breaking protection device responding to the body voltage potential relative to the earth, the setting of the breaking voltage value must be equal to 25 V with the time of de-energization not more than 5 s.
1.7.160. At the point of connection of the mobile electrical installation to a power supply there must be installed an over-current protection device and a breaking protection device responding to differential current; its rated breaking differential current must exceed by 1-2 stages the appropriate current of the breaking protection device installed at the input of the mobile electrical installation.

If required, protective electrical isolation of circuits in accordance with 1.7.85 may be used at the input of the electrical installation. In this case, the isolating transformer as well as the input protection device must be placed in an insulating enclosure.
The connection device for the power input to the mobile electrical installation must have double insulation.
1.7.161. When using automatic de-energization in the system IT for protection during indirect touching the following must be arranged:
protective grounding in combination with continuous monitoring of insulation responding to the signal;
automatic de-energization ensuring the time of de-energization during two-phase connection to exposed current-conducting parts in accordance with table 1.7.10.
Table 1.7.10

Maximum permissible time of protection automatic de-energization
for the IT system in mobile electrical installations powered
from a self-contained mobile power supply
	Rated linear voltage u, V
	De-energization time, s

	220
	0.4

	380
	0.2

	660
	0.06

	More than 660
	0.02


For automatic de-energization the following must be used: an over-current protection device in combination with a breaking protection device responding to differential current, or a device for continuous monitoring of insulation responding to de-energization, or, in accordance with 1.7.159, a breaking protection device responding to the body voltage potential relative to the earth.

1.7.162. At the input of a mobile electrical installation there must be installed the main bus of potential compensation meeting the requirements of 1.7.119 to the main ground bar with the following connected to it:
a neutral protective conductor PE or a protection conductor PE of the feeding line;
a protection conductor of a mobile electrical installation with protection conductors of exposed current-conducting parts connected to it;
conductors of potential compensation of the body and other outside current-conducting parts of a mobile electrical installation;
an earthing lead connected to the local grounding electrode of a mobile electrical installation (if available).
If required, the exposed and outside current-conducting parts must be interconnected using conductors of additional potential compensation.
1.7.163. The protective grounding of a mobile electrical installation in the system IT must be arranged in accordance with requirements either to its resistance or to touch voltage during one-phase connection to exposed current-conducting parts.
When arranging a grounding device in accordance with requirement to its resistance, the value of its resistance must not exceed 25 Ω. The increase of the said resistance is allowed in accordance with 1.7.108.
When arranging the grounding device in accordance with requirements for touch voltage, the resistance of the grounding device shall not be set. In this case the following condition must be observed:
Rg ( 25/Ig,

where Rg is the grounding device resistance of a mobile electrical installation, Ω;
Ig is the total current of one-phase connection to the exposed current-conducting parts of a mobile electrical installation, A.
1.7.164. The local grounding electrode for protective grounding of a mobile electrical installation powered from a self-contained mobile power supply with an insulated neutral may not be used in the following cases:
1) the self-contained power supply and electrical appliances are installed directly in the mobile electrical installation, their bodies are interconnected using a protection conductor, and there no other electrical installations powered by this power supply;
2) the self-contained mobile power supply has its own grounding device for protective grounding, all exposed current-conducting parts of a mobile electrical installation, its body and other outside current-conducting parts are reliably connected to the body of the self-contained mobile power supply using a protection conductor, and during two-phase connection to different bodies of the electric equipment the time of automatic de-energization in the electrical installation complies with values given in table 1.7.10.
1.7.165. Self-contained mobile power supplies with an insulated neutral must have a device of continuous monitoring of insulation resistance with regard to the body (ground) with light and sound alarms. A possibility to check insulation monitoring device serviceability and its switching off must be provided. The device of continuous insulation monitoring responding to the signal may not be installed on a mobile electrical installation powered from such a self-contained mobile power supply, provided the condition of 1.7.164, clause 2, is observed.
1.7.166. Protection against direct touching in mobile electrical installations must be ensured by the use of insulation of live parts, guards and enclosures with protection class rating not less than IP 2X. The use of barriers and location outside of the limits of reach is not allowed.
In circuits feeding sockets for connection of electric equipment used outside of the mobile installation room additional protection must be arranged in accordance with 1.7.151.
1.7.167. Protection conductors and earthing leads and conductors of potential compensation must be copper, flexible and, as a rule, placed in the common sheath with phase conductors. The section of conductors must comply with the requirements:
protection - 1.7.126-1.7.127;
grounding - 1.7.113;
potential compensation - 1.7.136-1.7.138.
When using the system IT, protection conductors, earthing leads and potential compensation conductors may be laid separately from phase conductors.
1.7.168. Simultaneous disconnection of all the conductors of the line feeding a mobile electrical installation, including the protection conductor, using one switching device (connector) shall be allowed.
1.7.169. If the mobile electrical installation is powered with the use of socket connectors, the plug of the socket connector must be connected on the side of the mobile electrical installation and have an enclosure of insulating material.
Electrical installations of stock buildings
1.7.170. The electrical installations of stock buildings, should, as a rule, be powered from an AC 380/220 V main.
1.7.171. For protection of people and animals during indirect touching automatic de-energization with the TN system-C-S must be used. The PEN-conductor should be divided into a neutral protective (PE) and neutral operational (N) conductors at the input small board. When feeding such electrical installation from built-in and built-to substations the TN system-S must be used; in this case the neutral operational conductor must have insulation equal to the phase conductor insulation along all its length.
The time of protective automatic de-energization in stock buildings as well as in buildings connected to them using outside current-conducting parts must be in accordance table 1.7.11.
Table 1.7.11
Maximum permissible time of protection automatic de-energization
for the TN system in stock buildings
	Rated line-to-earth voltage, u0, V
	De-energization time, s

	127
	0.35

	220
	0.2

	380
	0.05


If the said time of de-energization can not be guarantied, additional protective measures, for example, additional potential compensation, is required.
1.7.172. The PEN-conductor at the building input must have the second grounding. The value of the second grounding resistance must comply with 1.7.103.
1.7.173. In stock building protection must be envisaged not only for people but for animals as well; for this purpose there must be used an additional potential compensation system, interconnecting all exposed and outside current-conducting parts accessible to simultaneous touching (pipes of a water pipeline and a vacuum pipeline, metal railings of boxes, metal leashes etc.).
1.7.174. In the area of location of animals potential equalization in the floor must be arranged using a metal grid or any other device to be connected to an additional potential compensation system.
1.7.175. The device of electric potential equalization and compensation must ensure touch voltage not more than 0.2 V during normal operation of the electric equipment, and during emergency mode with the time of de-energization presented in table 1.7.11 for electrical installations with increased hazard, especially hazardous and external installations – not more than 12 V.
1.7.176. For all branch circuits powering sockets, an additional protection against direct touching using a breaking protection device with rated breaking differential current not exceeding 30 mA must be arranged.
1.7.177. In stock buildings without conditions requiring potential equalization, protection using breaking protection devices with rated breaking differential current not exceeding 100 mA installed at the input small board must be arranged.
Chapter 1.8. Acceptance test standards
APPROVED by Order No 150 dated 9/4/03 of the Ministry of Energy of Russia
General
1.8.1. Newly commissioned electric equipment up to 500 kV must be subject to acceptance tests according to the requirements of the present chapter. It is recommended to carry out acceptance tests in normal environmental conditions as specified by the state standards.
Manufacturers’ instruction manuals should apply in the event that electrical equipment subject to acceptance tests is not covered by these standards.
1.8.2. Relay protection and electrical automated devices of electrical generating plants and substations shall be checked according to the instructions approved as established by law.
1.8.3. Apart from the tests set out in the present chapter, any mechanical parts of all electric equipment must be function tested pursuant to manufacturer's and installation manuals.
1.8.4. A statement of equipment serviceability shall be issued on the basis of all tests and measurements required for a particular equipment item.
1.8.5. All measurements and tests in accordance with the standard-technical documents, manufacturer's instruction manuals and these standards, carried out by installation staff and pre-commissioning organizations prior to the commissioning of the electric equipment, must be finalized in the form of appropriate certificates and/or reports.
1.8.6. Electrical equipment with voltage up to 35 kV shall be tested with a industrial frequency overvoltage.
If required AC test equipment is unavailable, any electric equipment of switchgear with voltage up to 20 кV may be tested with a high rectified voltage which must be equal to one and a half value of a test voltage of industrial frequency.
1.8.7. Electric equipment and insulators with rated voltage exceeding the rated voltage of the electrical installation where they are used may be tested with an applied voltage rated for the insulation class of such electrical installation. Unless otherwise specified, the insulation resistance of the following items shall be measured:
–devices and circuits with voltage up to 500 V - with a 500 V megaohmmeter;
–devices and circuits with voltage from 500 V to 1,000 V - with a 1,000 V megaohmmeter;
–devices with voltage exceeding 1,000 V - with a 2,500 V megaohmmeter.
Insulators and current transformers connected to power cables of 6–10 kV may be tested together with the cables with a high voltage. The condition thereof shall be evaluated as provided by the standards accepted for power cables.
1.8.8. Electric equipment produced by foreign companies shall be tested according to the manufacturer’s instructions. In such a case any tested values must correspond to the values given in this chapter.
1.8.9. As a rule, an insulation test of devices with industrial frequency overvoltage must be carried out together with an insulation test of switchgear buses (without bus isolation).
In this case test voltage may be assumed according to the standards for the equipment having the lowest test voltage.
1.8.10. In case several types of electric equipment insulation tests are carried out, the testing with overvoltage should be preceded by other types of testing.
1.8.11. Instead of an insulation test with a voltage of industrial frequency equal to 1 kV, measurements of a one-minute value of insulation resistance may be made with a 2,500 V megaohmmeter. In case the obtained resistance value is lower than the one given in the standards, testing with the 1 kV voltage of industrial frequency shall be mandatory.
1.8.12. The following terms shall be used in this chapter:
1. Test voltage of industrial frequency is an effective value of 50 Hz frequency, practically sinusoidal, which must be sustained by the insulation of electric equipment under certain test conditions.
2. Electric equipment with normal insulation is electric equipment designed for use in electrical installations that may be affected by lightning overvoltage, with conventional lightning protective measures.
3. Electric equipment with reduced insulation is electric equipment designed for the use in electrical installations which are not affected by lightning overvoltage or equipped with special lightning protectors limiting an amplitude value of lightning overloads to a value that shall not exceed the amplitude value of test voltage of industrial frequency.
4. Devices are switches of all voltage classes, disconnecting links, isolating switches, short-circuiting switches, fuses, dischargers, current-limiting reactors, capacitors, packaged shielded current distributors.
5. A nonstandardized measured quantity  is a value whose absolute quantity is not specified by the regulations. In this case equipment conditions shall be evaluated by comparison with the data of similar measurements carried out for the equipment of the same type, having good parameters, or with the data of the other tests.
6. Electric equipment voltage class is a rated voltage of any electrical installation for which this equipment is designed.
1.8.13. Synchronous generators and compensators
Synchronous generators with capacity exceeding 1 MW and voltage exceeding 1 kV, as well as synchronous compensators must be tested in full as stipulated in this paragraph.
Generators with a capacity of up to 1 MW and voltage exceeding 1 kV must be tested according to clauses 1-5 and 7-15 of this paragraph.
Regardless of their capacity, generators with voltage up to 1 kV must be tested according to clauses 2, 4, 5, 8, 10-14 of this paragraph.
1. Ascertaining the possibility of switching on generators with voltage higher than 1 kV, without drying.
It should be performed as specified in the manufacturer’s instruction manual.
2. Measurements of insulation resistance.
Insulation resistance must not be less than the values provided in table 1.8.1.
Table 1.8.1
Permissible values of insulation resistance and adsorption coefficient
	Test element

	Megaohmmeter voltage, V

	Insulation resistance permissible value, MOhm

	Notes


	1. Stator winding

	500, 1000, 2,500 


	At least 10 MΩ per 1 kV of rated linear voltage

	For each phase or line individually relative to the body and other grounded phases or lines. The value of R60/R15 shall not be lower than 1.3.


	
	2,500


	As specified by manufacturer's instruction manual

	In case the distillate leaks through the winding

	2. Rotor winding

	500, 1,000 


	At least 0.5 (with water cooling, with dried winding)

	It is allowed to commission generators with a capacity not exceeding 300 MW and nonsalient pole rotors with direct air and hydrogen cooling of the winding having an insulation resistance at least 2 kΩ at a temperature of 75 °C or 20 kΩ at a temperature of 20 °C. In case of higher capacity, it is allowed to commission a generator with an insulation capacity of the rotor winding lower than 0.5 MΩ (10-30 °C) as agreed with manufacturer.


	
	1,000


	As specified by manufacturer's instruction manual

	In case the distillate leaks through the winding.


	3. Generator excitation circuit and generator-communicator exciter with all service devices (without rotor winding and exciter)

	500-1,000


	At least 1.0

	

	4. Winding of generator-communicator exciter and pilot exciter

	1,000


	At least 0.5

	

	5. Armature bands of collector of generator-communicator exciter and pilot exciter

	1,000


	At least 0.5

	If armature winding is grounded.


	6. Insulated tie bolts of rotor steel  (accessible for measurements)
	1,000


	At least 0.5

	

	7. Bearings and shaft seals

	1,000


	At least 0.3 for hydrogenerators and 1.0 for turbine-driven generators and compensators

	Hydrogenerators shall be measured provided the generator structure allows and manufacturer's instruction manual does not specify tighter standards.


	8. Diffusers, fan shields and other generator stator assemblies

	500, 1000


	As specified by manufacturer's instruction manual

	

	9. Thermal sensors with connecting wires, including connecting wires laid inside the generator

	
	
	

	–with rotor winding indirect cooling

	250 or 500

	At least 1.0

	Voltage of a megaohmmeter shall be as specified by the manufacturer’s instruction manual.


	–with stator winding direct cooling

	500


	At least 0.5

	

	10. Turbine driven generator stator winding terminal lead (series TGV)

	2,500


	1,000


	Measurements shall be carried out to the connection lead with the stator winding.



3. Stator winding insulation test with a high rectified voltage and measurements of phase leakage current
Each phase or line shall be subject to testing individually when other phases or lines are connected to the body. Generators with water cooling of the stator winding shall be tested if such a possibility is provided by the generator design.
Test voltage values are provided in table 1.8.2.
Table 1.8.2 

Test rectified voltage for stator winding of synchronous 
generators and compensators
	Generator capacity, MW, compensator, MV·A


	Rated voltage, kV

	Amplitude test voltage, kV


	Less than 1

	All voltages

	2.4 Urated +1.2

	1 and more

	Up to 3.3

	2.4 +1.2 Urated

	
	More than 3.3 up to 6.6 (including)

	1.28 x 2.5 Urated

	
	More than 6.6 up to 20 (including)

	1.28 (2 Urated +3)

	
	More than 20 up to 24 (including)

	1.28 (2 Urated +1)


TGV-300 turbine-driven generators shall be tested by lines.
The rectified voltage for TGV-200 and TGV-300 generators shall be 40 and 50 kV rspectively.
For TVM-500 turbine-driven generators (Urated = 36.75 kV), the test voltage shall be 75 kV.
Leakage current, measured for building curves against voltage, shall be made at least with five values of rectified voltage from 0.2 Umax to Umax in equal steps. At each step the voltage shall be maintained within 1 min. Leakage points shall be recorded every 15 and 60 s.
The measured characteristic shall be evaluated in accordance with the manufacturer’s instruction manual.
4. Insulation test with industrial frequency overvoltage.
Such test shall be carried out according to the standards provided in table 1.8.3.
Table 1.8.3
Test voltage of industrial frequency of winding of synchronous 
generators and compensators 
	Test element

	Generator characteristic and its type

	Test voltage, kV

	Notes


	1. Generator stator winding

	Capacity up to 1 MW, rated voltage over 0.1 kV

	0.8(2Urated +1),
at least 1.2

	

	
	Capacity 1 MW and higher, rated value up to 3.3 kV (including)

	0.8(2Urated +1)

	

	
	Capacity 1 MW and higher, rated value over 3.3 kV to 6.6 kV (including)

	0.8 ·2.5Urated

	

	
	Capacity 1 MW and higher, rated value over 6.6 kV to 20 kV (including)

	0.8(2Urated +3)

	

	
	Capacity 1 MW and higher, rated value over 20 kV (including)

	0.8(2Urated +1)

	

	2. Hydrogenerator stator winding, the stator parts of which are interleaved or tied-in on site after completion of winding installation and insulation of connections

	Capacity 1 MW and higher, rated value up to 3.3 kV (including)

	2Urated +1

	If a stator is assembled on installation site, but not on a foundation, before the installation of such stator on a foundation, tests shall be carried out according to clause 2 and after completion of the installation according to clause 1 of the table.


	
	Capacity 1 MW and higher, rated value over 3.3 kV to 6.6 kV (including)

	2.5Urated

	

	
	Capacity 1 MW and higher, rated value over 3.3 kV to 6.6 kV (including)

	2Urated +3

	

	3. Salient pole rotor winding

	Generators of all capacities

	8 ·Urated
 of a generator excitement but not less than 1.2 kV and not more than 2.8kV

	

	4. Nonsalient pole rotor winding

	Generators of all capacities

	1.0


	The test voltage shall be 1 kV except otherwise provided by the manufacturer’s specifications. In case specifications require tighter testing standards, the test voltage must be increased accordingly.


	5. Generator  exciter and pilot exciter winding

	Generators of all capacities

	8·Urated
of a generator excitement, but not less than 1.2 kV and not more than 2.8kV

	In respect of the body and bands


	6. Excitation circuits

	Generators of all capacities

	1.0


	

	7. Excitation  rheostat

	Generators of all capacities

	1.0


	

	8. Resistor of zero suppression circuit and field suppressor

	Generators of all capacities

	2.0


	

	9. Stator winding terminal lead

	TGV-200 and TGV-200M 

	31.0*, 34.5** 


	Tests shall be carried out before the installation of terminal leads in a turbine-driven generator.


	
	TGV-300 and TGV-500

	39.0*, 43.0**
	


_____________

* For terminal leads factory tested together with the stator winding insulation.
** For spare terminal leads before installation in a turbine-driven generator.
Each phase or line shall be subject to testing individually when other phases or lines are connected to the body.
The time of applying standardized test voltage shall be 1 min.
While carrying out insulation tests with industrial frequency overvoltage, the following should be taken into consideration:
a) It is recommended that any insulation test of generator stator winding should be carried out before running the rotor into the stator. In case a hydrogenerator stator is tied-in and assembled on an installation site and the assembled stator is subsequently installed in a cellar, its insulation shall be tested twice i.e. after the assembly on an installation site and after the installation of the rotor in a cellar before the rotor is run into the stator.
During the tests, the condition of unit end parts should be observed: for turbine-driven generators - with removed end shields, and for hydrogenerators - with open vents.
b) insulation test of the stator winding of units with a water cooling system should be carried out if distilled water circulates in the cooling system with a specific resistance of at least 100 kΩ/cm and rated flow;
c) after the testing of the rotor winding with overvoltage for 1 min for generators of 10 kV and higher, the test voltage shall be reduced to the rated generator voltage and maintained during 5 min to observe the corona discharge of the rotor winding end parts. In this case, yellow and red lighting, smoking, band smoldering and the like phenomena should not be concentrated in some points. Light blue and white light shall be permitted;
d) insulation test of the turbine-driven generator rotor winding shall be carried out at rated rotor revolutions;
e) upon completion of installation, before putting a generator into operation (for turbine-driven generators upon running the rotor into the stator and installation of end shields), it is necessary that a check test be carried out with rated voltage of industrial frequency or rectified voltage equal to 1.5 Urated. The test time shall be 1 min.
5. Measurements of DC resistance.
The standard tolerances of DC resistance are provided in table 1.8.4.
Table 1.8.4 
DC resistance standard tolerance
	Test item

	Standard


	Rotor winding (measurement shall be made for each phase or line separately)

	Measured resistances of winding of various phases in a practically cold condition must not differentiate by more than 2%. Owing to the design features (the longer length of connecting arcs etc) the difference of resistance of lines of some types of generators can reach 5%.


	Rotor winding

	Measured winding resistance should not differentiate from the manufacturer's data by more than 2%. Each pole of the salient pole rotors shall be measured individually or by pairs.


	Field suppression resistor, exciter rheostats

	Any resistance should not differentiate from manufacturer's data by more than 10%.


	Generator-communicator exciter exciting winding

	Measured winding resistance should not differentiate from the initial data by more than 2%.


	Armature exciter winding (between communicator plates)

	Measured resistance values should not differentiate by more than 10% unless otherwise specified by a wiring diagram.



When comparing resistance values, they should be brought to the similar temperature.
6. Measurements of winding rotor AC resistance
The purpose of such measurements is to determine any winding rotor turn-to-turn short circuits as well as conditions of the rotor damping system. In nonsalient pole rotors the resistance of all winding shall be measured, and for nonsalient pole rotors the resistance of each winding pole shall be measured individually or two poles together. Measurements should be made when the input voltage is 3 V per loop but not higher than 200 V. While selecting an input voltage, the dependence of resistance against an input voltage value should be taken into account. The resistance of nonsalient pole rotor windings shall be measured at three or four stages of rotation speed, including a rated one, and in stationary condition, maintaining an applied voltage or current unchanged. The resistance of poles or pole pairs shall be measured only if the rotor is stationary. Any deviation of the received data from the manufacturer’s data or from average value of measured pole resistance higher than 3-5% shows that there are defects in the rotor winding. The stick-slip nature of reduction of resistance if the rotation speed increases shows that there are turn-to-turn short circuits, and the smooth nature of reduction of resistance if the rotation speed increases shows that the quality of the rotor damping system contacts is poor. A final statement about the availability and number of closed loops should be made on the basis of the data of short-circuit characteristic and its comparison with the manufacturer’s data.
7. Checks and tests of excitation systems electric equipment
The standards are the testing of power equipment of thyristor self-excitation systems, independent thyristor excitation systems, brushless excitation systems, semiconductive high frequency excitation systems. An automated exciting regulator, protective devices, control, automatics, etc shall be checked as specified by the manufacturer’s instruction manual.
Cross-field exciters should be checked and tested in accordance with Clause 1.8.14.
7.1. Measurements of insulation resistance
Insulation resistance values at a temperature between 10 and 30 °С should correspond to those presented in table 1.8.5.
Table 1.8.5 

Insulation resistance and test voltage of elements of excitation systems
	
	Insulation resistance measurement

	
	

	Test item

	Voltage
of
megaohmmeter, V 
	Minimum
resistance value
of insulation, MΩ

	Value of test voltage of industrial frequency

	Notes


	1. Main generator rotor circuit thyristor converter of thyristor self-excitation systems and independent thyristor excitation systems: converter current-conducting circuits, protective circuits connected with thyristors, secondary winding of output transformer of control system etc; isolated switches adjacent to converters

	2,500


	5


	0.8 of a factory thyristor converter test voltage, but at least 0.8 of a factory rotor winding test voltage

	Relative to body and thyristor converter secondary circuits connected to it (primary winding of pulse transformers of thyristor control system, power fuse block contacts, current divider transformer secondary winding, etc) connected to thyristor converter of circuit power elements (transformer secondary winding for auxiliaries in thyristor self-excitation systems, other side of disconnecting links in thyristor self-excitation systems of a number of modifications)


	(thyristor self-excitation systems), transformer primary winding for auxiliaries (thyristor self-excitation systems).  Systems with water cooling of thyristor converter do not contain water when tests are carried out.

	
	
	
	During tests the thyristors (anodes, cathodes, control electrodes) should be short-circuited, and thyristor control system blocks should be extended from the seats.


	2. Thyristor converter in excitation circuits of brushless excitation systems exciter:   current-conducting parts, thyristors and circuits connected to them (see clause 1). Thyristor converter in the auxiliary generator excitement circuit of independent thyristor excitation system

	1,000


	5


	0.8 of a factory thyristor converter test voltage, but at least 0.8 of test voltage of a generator-motor or auxiliary generator winding excitement 

	Relative to the body and thyristor converter secondary circuits connected to it which are not hooked up to power circuits (see clause 1.)   During testing a thyristor converter input/output shall be disconnected from power diagram; thyristors (anodes, cathodes, control electrodes) shall be short-circuited, and thyristor control system blocks shall be extended from the seats.


	3. Rectifier unit in the semiconductive high frequency excitation system 


	1,000


	5


	0.8 of a factory rectifier unit test voltage, but at least 0.8 of a factory rotor winding test voltage

	Relative to body. During testing a rectifier unit shall be disconnected from a power source, and winding, rotors, power buses and output buses (А, В, С, +, -) shall be joined.


	4. Auxiliary synchronous generator in thyristor independent excitement systems:

	
	
	
	

	–stator winding

	2,500


	5.0


	0.8 of a factory auxiliary generator stator winding test voltage, but at least 0.8 of main generator rotor winding test voltage 


	Relative to body and between windings


	–excitation winding

	1,000


	5.0


	0.8 of a factory generator-motor or auxiliary generator excitement winding test voltage

	Relative to body


	5. Inductor generator in semiconductive high frequency excitation system

	
	
	
	

	–operating winding (three phases) and series excitation winding

	1,000


	5.0


	0.8 of a factory winding test voltage, but at least 0.8 of a factory generator rotor winding test voltage

	Relative to body and independent excitation winding connected to them; between windings


	–independent excitation winding

	1,000


	5.0


	0.8 of a factory test winding voltage

	Relative to body and between independent excitation windings


	6. Pilot exciter of semiconductive high frequency excitation system

	1,000


	5.0


	0.8 of a factory test voltage

	Each phase relative to others connected to the body


	7. Generator-motor together with a rotating converter in brushless excitation system

	
	
	
	

	–armature winding together with a rotating converter;

	1,000


	5.0


	0.8 of a factory armature winding test  voltage

	Relative to body. Exciter is disconnected from the generator rotor; valves, RC (circuits or varistors) are shunted (connected +, –, AC studs); brushes of gaging contact rings are risen 


	–generator-motor excitation winding

	500


	5.0


	0.8 of a factory excitation winding test voltage, but at least 1.2 kV

	Relative to body. Excitation winding are disconnected from the circuit


	8. Rectifier transformer in thyristor self-excitation systems 


	2,500


	5.0 


	0.8 of a factory transformer winding test voltage 

	Relative to body and between windings


	Rectifier transformers in auxiliary generator excitement systems (independent thyristor excitation systems) and brushless excitation systems

	
	
	secondary winding for auxiliary generators and brushless excitation systems – at least 1.2 kV 
	

	primary winding 
	2,500


	5.0 
	
	

	secondary winding 
	1,000


	
	
	

	9. Serial transformers in thyristor self-excitation systems

	2,500


	5.0


	0.8 of a factory winding test voltage

	Relative to body and between windings


	10. Current distributors connecting power supplies (auxiliary generators in the independent thyristor excitation system, rectifier transformers and thyristor convertors in the thyristor self-exciting system), inductor generator in the semiconductive high frequency excitation system with thyristor or diode converters, direct current conductive wires: 
	
	
	
	

	–without attached devices;

	2,500


	10


	0.8 of factory current distributors test voltage

	Relative to grounding between phases


	–with attached devices.

	2,500


	5.0


	0.8 of a factory rotor winding test voltage

	Relative to grounding between phases


	11. Power elements of thyristor self-excitation, independent thyristor excitation, semiconductive high frequency excitation systems (power supplies, converters, etc) with all attached devices including excitation input switches or up to converter output disconnecting links (diagrams of excitation systems without spare exciters):

	
	
	
	

	–systems without water cooling of convertors and with water cooling if the cooling system is not filled with water;

	1,000


	1.0


	1.0 kV

	Relative to body


	–thyristor converter cooling system filled with water (electrical resistivity at least 75 kΩ cm)

	1,000


	0.15


	1.0 kV

	Control system blocks extended


	12. Generator power excitement circuits without rotor winding (downstream excitement input switch or DC disconnecting links (see clause 11); field suppressor, discharger, power resistor, busbars, etc. Circuits connected to the gaging rings in the brushless excitation system (rotor winding disconnected)

	1,000


	0.1


	0.8 of a factory rotor winding test voltage
	Relative to ground



7.2. Insulation test with industrial frequency overvoltage
The test voltage value shall be assumed according to table 1.8.5, the application time of the test voltage shall be 1 min.
7.3. Measurements of transformer DC winding resistance and electrical machinery in excitement systems.
Any electrical machinery winding resistance (auxiliary generator in the independent thyristor excitation system, inductor generator in the semiconductive high frequency excitation system, synchronous generator-motor in the brushless excitation system) must not differentiate from the manufacturer’s data by more than 2%, and transformer windings (rectifier winding in thyristor self-excitation, independent thyristor excitation system, brushless excitation systems and series winding in separate thyristor self-excitation systems) by more than 5%. Resistances of parallel lines of inductor generator operating windings must not differentiate from each other by more than 15%, and rotating pilot exciter phase resistances by more than 10%.
7.4. Transformer test (rectifier, series, auxiliaries, primary excitation, measuring voltage and current transformers)
Tests shall be carried out in accordance with the standards of clauses 1.8.16, 1.8.17, 1.8.18. For serial transformers, the voltage of open circuit secondary winding against generator stator current shall be measured by the following formula: U2s. t.  = f(Ist.).
The characteristic, U2s. t.  = f(Ist.), shall be determined during measuring characteristics of the generator (unit) three-phase short circuit to Ir. st.. Separate phase characteristics (one-phase series transformers) must not differentiate from each other by more than 5%.
7.5. Determination of characteristics of the auxiliary synchronous generator of industrial frequency in independent thyristor excitation systems.
The auxiliary generator shall be tested in accordance with clause 8 of this paragraph. The characteristic of the auxiliary generator short circuit shall be determined to 1r. st., and the characteristic of no-load running to 1.3. Ur. st., and turn insulation shall be checked for 5 min.
7.6. Determination of characteristics of the inductor generator together with the rectifier unit in the semiconductive high frequency excitation system
It should be carried out when serial excitation winding is switched off.
The characteristic of the no-load inductor generator running together with the rectifier unit, [(Ust., Ur. un. = f(Iin. ex.), where Iin. ex. is the current of independent excitation winding)], determined to the value of Ur. un. corresponding to a rotor double rated voltage value, must not deviate from that specified by manufacturer by more than 5%. The voltage spread between the rectifier unit tandem valves must not exceed 10% of the average value.
The characteristic of the inductor generator short circuit together with the rectifier unit must not differentiate from that specified by manufacturer by more than 5%. In case a rectified current corresponds to a rated rotor current, the spread of currents of parallel lines of the rectifier unit arms must not exceed ±20% of the average value. Operating rotor load characteristic shall also be determined to I /xx (Iro. = f (Iex. ex.), where Iex. ex. is the current of exciter excitation.
7.7. Determination of the external characteristic of the rotating pilot exciter in semiconductive high frequency excitation systems
If a load on the pilot exciter is changed (the load is an automatic excitation regulator), the change of the pilot exciter voltage must not exceed the value specified in manufacturer's documentation. The difference of voltage in phases must not exceed 10%.
7.8. Testing of elements of the synchronous generator-motor, rotating converter in the brushless excitation system
The following DC resistance of make-before-break contact joints of the rotating rectifier shall be measured: current distributor resistance including winding leads and lead-in studs, connecting armature binding with fuses (if applicable); connections of valves with fuses; resistance of fuses of the rotating converter. Measured data shall be compared with the manufacturer’s standards.
The force of the tightening of valves, RC-circuit fuses, varistors, etc shall be checked as specified by manufacturer's standards.
Rotating converter valve reverse currents in the full diagram with RC-circuits (or varistors), at a voltage equal to the repetitive voltage for this class, shall be measured. Currents must not exceed the values given in manufacturer's instruction manuals for excitation systems.
7.9. Determination of the characteristics of the generator-motor and rotating rectifier in the three-phase short circuit of the generator (unit) mode.
The stator current (Ist.), exciter current (Iex. ex.), rotor voltage (Urotor) shall be measured, and exciter characteristics Uro. = f(Iin. ex.) shall be checked for their compliance with the manufacturer’s characteristics. Measured stator currents and manufacturer’s characteristics of the generator short circuit Ist. = f(Ir.) are the basis for determination of correct adjustment of rotor current sensors. Any rotor current deviation measured with a DTR-P sensor (output current of brushless excitation system) must not exceed 10% of the rotor current design value.
7.10. Checks of thyristor converters of thyristor self-excitation system, independent thyristor excitation system, brushless excitation systems
Insulation resistance and testing with overvoltage shall be carried out in accordance with table 1.8.5
Hydraulic testing with increased water pressure of thyristor converters with water cooling system shall be carried out. The value of pressure and time of its application must comply with the manufacturer’s standards for each type of a converter. The insulation of thyristor converters shall be rechecked after they have been filled in with distillat (see table 1.8.3).
Any punctured thyristors and damaged RC-circuits shall be found with an ohmmeter.
The integrity of parallel lines of a fuse-link of any power fuse shall be determined by measuring its DC resistance.
The condition of a thyristor control system, range of rectified voltage adjustment during impact on thyristor control system shall be checked.
A thyristor shall be checked when a generator is operating at its design conditions with rated rotor current. Checking shall be carried out as follows:
–current distribution between converter arms parallel lines, current value deviations of the lines from an arithmetic mean value must not exceed 10%;
–distribution of reverse voltage between thyristors switched in series with switching surge voltage taken; deviation of instantaneous reverse voltage from the average voltage in the thyristor line must not exceed ±20%;
–current distribution between converters switched in parallel; currents must not differentiate by more than ±10% from the average design current value via the converter;
–current distribution in the lines of similar arms switched in parallel in the thyristor converter; deviation from the average design current value of the line of similar arms must not exceed ±20%.
7.11. Checks of a rectifier diode unit in the semiconductive high frequency excitation system
They shall be checked when a generator is operating at its design conditions with rated rotor current. The following shall be checked:
–current distribution between the parallel arm lines; deviation from the average value must not exceed more than ±20%;
–reverse voltage distribution for valves switched in series; deviation from the average value must not exceed more than ±20%;
7.12. Check of switching devices, power resistors and excitation system auxiliary devices
Checking shall be carried out in accordance with the manufacturer’s instruction manual and clause 1.8.34.
7.13. Measurements of the temperature of power resistors, diodes, fuses, buses and other elements of converters and cabinets where they are located in.
Measurements shall be made after onloading of excitation systems. The temperature of the elements must not exceed values specified in the manufacturer’s instruction manual. During such a check, it is recommended that thermal imagers are used; the use of pyrometers is also allowed.
8. Determination of a generator characteristics:
а) three-phase short circuit. Characteristics shall be measured when a rotor current changes to a rated current. Deviations from the manufacturer’s characteristic should be within measurement errors.
Any reduction of the measured characteristic, exceeding the error of measurement, shows that turn-to-turn short circuits are present in the rotor winding.
For generators operating as a unit with a transformer, the short-circuit characteristic of the whole unit (jumper is installed downstream from the transformer) shall be measured. The characteristic of the generator itself, operating as a unit with a transformer, may not be measured if test reports from the manufacturer’s testing stand are available.
For synchronous compensators without accelerating motor, the characteristic of three-phase short circuit shall be measured at rundown in the event that there is no characteristic measured by the manufacturer;
b) idling. The voltage of rated frequency at idling speed shall be increased up to 130% of the rated voltage of turbine-driven generators and synchronous compensators, up to 150% of the rated voltage of hydrogenerators. It is allowed to measure the characteristic of idling of a turbo and hydrogenerator up to the rated current of excitation at underspeed of the generator provided that the voltage of a stator winding does not exceed 1.3 of the rated voltage. For synchronous compensators, their characteristic may be measured at a rundown. The unit no-load running characteristic of generators operating as one unit with transformers shall be measured. In this case the generator is excited up to a rated voltage of 1.15 (limited by the transformer). It is allowed not to measure the no-load running characteristic of the generator itself, disconnected from the transformer of the unit, if the reports of tests at the manufacturer’s testing stand are available. The deviation of no-load running characteristic from manufacturer’s is not specified, but it should be within the error of measurement.
9. Tests of turn-to-turn insulation.
Testing should be carried out by increasing rated generator frequency voltage at no-load running to a value equal to 150% of the rated hydrogenerator stator voltage, and 130% of turbine-driven generators and synchronous compensators. For information of generators operating as one wnit with a transformer, see the provisions of clause 9. In this case the symmetry of voltages in phases should be checked. The test time at the highest voltage shall be 5 min.
It is recommended that the testing of turn-to-turn insulation be carried out simultaneously with taking the characteristic of no-load running.
10. Measurements of vibration
Any vibration (range of vibration displacements, double amplitude of fluctuations) of generator assemblies and their electrical machinery exciters must not exceed the values provided in Table 1.8.6.
Table 1.8.6 

Permissible values of vibration of generators and their exciters
	Monitored
assembly 
	Vibration, μm at a rotary speed, RPM

	Notes


	
	up to 100

	from 100 to 187.5

	from 187.5 to 375

	from 375 to 750

	1500


	3000


	

	1. Bearings of turbine-driven generators and exciters, cross-piece with inbuilt pilot bearings of vertical hydrogenerators

	180


	150


	100


	70


	50*


	30*


	Vibration of turbine-driven generators bearings, their exciters and horizontal hydrogenerators shall be measured on the top cover of bearings vertically and near the connector – axially and transversally. For vertical hydrogenerators, the said vibration values shall apply to horizontal and vertical directions.


	2. Turbine-driven generator contact rings

	-


	-


	-


	-


	-


	200


	Vibration shall be measured horizontally and vertically



_______________

* if vibration resistance control devices are available, their resistance shall be measured. The root mean square value of vibration resistance must not exceed 2.8 mm s-1 along vertical and transversal axes and 4.5 mm s-1 along longitudinal axis.
The vibration of synchronous compensator bearings with a rated rotor rotation speed of 750-1,500 RPM must not exceed 80 μm for the range of vibration displacement or 2.2 mm s-1 as per the root mean square value of vibration speed.
11. Checks and tests of cooling system
Carried out as specified by the manufacturer’s instruction manual
12. Checks and tests of oil supply system
Carried out as specified by the manufacturer’s instruction manual
13. Checks of bearing insulation when generator/compensator is in operation
Carried out by measuring the voltage between the shaft ends and between the floor slab and the insulated bearing body. The voltage between the floor slab and the bearing must not exceed the voltage between the shaft ends. The difference in voltage exceeding 10% shows that the insulation is faulty.
14. Load tests of a generator (compensator) 

Load shall be determined by the feasibilities available during acceptance tests. Stator heating at such load must comply with the rated values.
15. Determination of characteristics of generator-communicator exciter
No-load running characteristic shall be determined to the highest (ceiling) value of voltage or to the value specified by manufacturer.
The load characteristic shall be measured when load on the generator rotor is not lower than the generator excitation rated current. Deviations of characteristics from those of the manufacturer’s must be within accepted measurement errors.
16. Tests of terminal leads of the stator winding of a turbine-driven generator, series TGV
Apart from the tests specified in tables 1.8.1 and 1.8.3, terminal leads with capacitor fiber-glass insulation shall be subject to the tests in accordance with clauses 16.1 and 16.2.
16.1. Measurements of dielectric loss tangent ([image: image53.png]tgd



) 

Such measurement shall be made prior to the installation of a terminal lead on the turbine-driven generator with a test voltage of 10 kV and ambient temperature of 10-30°С.
The value [image: image54.png]tgd



 of an assembled terminal lead must not exceed 130% of a value received as a result of manufacturer testing. In case of measuring of [image: image55.png]tgd



 of a terminal lead without porcelain covers its value should not exceed 3%.
16.2. Checks of gas tightness
Gas tightness of terminal leads tested by manufacturer to 0.6 MPa shall be tested to a compressed air pressure of 0.5 MPa.
A terminal lead is considered to have passed the test if under a pressure of 0.3 MPa a pressure drop does not exceed 1 kPa/h.
17. Measurements of residual generator voltage when residual suppressor is isolated in the rotor circuit
Residual voltage shall not be standardized.
18. Load tests of a generator (compensator) 

Load shall be determined by the feasibilities available during acceptance tests. Stator heating at such load must comply with the manufacturer’s specifications.
1.8.14. Direct current machines 

DC machines with a capacity up to 200 kW, voltage up to 440 V should be tested according to clauses 1, 2, 4c and 8; the rest of machines should be tested additionally according to clauses 3, 4a, 5 of this paragraph.
Exciters of synchronous generators and compensators should be tested according to Clauses 1-6 and 8 of this Paragraph.
Measurements under clause 7 of this paragraph should be made for machinery supplied to an installation site in disassembled condition.
1. Ascertaining the possibility of switching on DC machines without drying
It should be carried out as specified by the manufacturer’s instruction manual.
2. Measurements of insulation resistance 

a) winding insulation resistance.
Measurements shall be made at a winding rated voltage up to 0.5 kV (including) with a megaohmmeter at 500 V, and at a winding rated voltage above 0.5 kV with a megaohmmeter at a voltage of 1,000 V.
Any measured value of insulation resistance must not be less than the value given in table 1.8.7.
Table 1.8.7
Minimum permissible values of winding insulation resistance of DC machines
	Winding temperature, °С

	Insulation resistance [image: image56.png]


, MΩ at the rated voltage 
of machines, V


	
	230


	460


	650


	750


	900



	10


	2.7


	5.3


	8.0


	9.3


	10.8



	20


	1.85


	3.7


	5.45


	6.3


	7.5



	30


	1.3


	2.6


	3.8


	4.4


	5.2



	40


	0.85


	1.75


	2.5


	2.9


	3.5



	50


	0.6


	1.2


	1.75


	2.0


	2.35



	60


	0.4


	0.8


	1.15


	1.35


	1.6



	70


	0.3


	0.5


	0.8


	0.9


	1.0



	75


	0.22


	0.45


	0.65


	0.75


	0.9




a) band insulation resistance.
Measurements shall be made relative to the body and windings held by it.
A measured insulation value must be at least 0.5 MΩ.
3. Insulation test with industrial frequency overvoltage
Such tests shall be carried out according to the standards given in table 1.8.8. The application time of a standardized test voltage shall be 1 min. It is allowed not to test the winding of machines of a capacity less than 3 kW.
Table 1.8.8 
Test voltage of industrial frequency of insulation of DC 
machines
	Test item

	Characteristic of electrical machine

	Test voltage, kV


	Winding

	Machines of all capacities

	8 Urated, but not less than 1.2 and not more than 2.8


	Armature bands

	Same

	1



	Rheostats and starting-regulating resistors (testing can be carried out together with excitation circuits)

	-


	1 

(Insulation may be tested together with the insulation of excitation system)



4. Measurements of DC resistance:
a) excitation winding. Any resistance value must not differ from the manufacturer's data by more than 2%;
b) armature winding (between communicator plates). Resistance values must not differ from each other by more than 10% unless fluctuations otherwise specified by a wiring diagram.
c) rheostats and starting-regulating resistors. Total resistance shall be measured, and the integrity of branch lines shall be checked. Any resistance value must not differentiate from the manufacturer's data by more than 10%.
5. Taking no-load characteristics and tests of turn-to-turn insulation

Voltage should be increased: for DC generators, up to 130% of the rated voltage; for exciters, up to the highest (ceiling) or manufacturer's voltage. When testing the turn-to-turn insulation of machines with more than four poles, the average voltage between the adjacent communicator bars must not exceed 24 V. The test time of the turn-to-turn insulation shall be 3 min.
Data deviations of such characteristic from the manufacturer’s characteristic values must be within the measurement errors.
6. Taking load characteristics
It should be carried out for exciters under load to a value which is not lower than the rated current of generator excitation. Deviations from the manufacturer’s characteristic shall not be standardized.
7. Measurements of air gaps between poles. Measurements shall be carried out for machines of a capacity of 200 kW and higher. Sizes of a gap in diametrically opposite points must not differentiate from each other by more than 10% of the average gap value. For turbine-driven generator exciters of 300 MW and higher such difference must not exceed 5%.
8. No-load and on-load tests
The limit of adjustment of rotation speed or voltage shall be determined, and it must comply with the manufacturer's and design specifications.
1.8.15. Alternative current electrical motors 

AC electrical motors with voltage up to 1 kV shall be tested according to clauses 2, 4b, 5 and 6.
AC electrical motors with voltage higher than 1 kV shall be tested according to clauses 1-6.
1. Ascertaining the possibility of switching on electrical motors with voltage higher than 1 kV, without drying
AC electrical motors shall be switched on without drying if the value of insulation resistance and adsorption factor is not lower that those presented in table 1.8.9.
Table 1.8.9
Permissible values of insulation resistance and absorption factor 
for electrical motors stator winding
	
	Criteria of evaluation of stator winding insulation condition


	Capacity, electrical motor rated voltage, winding insulation type

	Insulation resistance value, MΩ

	Absorption factor value, R 60/R15


	1. Capacity of more than 5 MW, thermosetting and mica compound insulation

	At a temperature of 10-30 °С the insulation resistance shall not be less than 10 MΩ per 1 kV of the rated line voltage 
	At least 1.3
at a temperature of 10-30 °С 

	2. Capacity of 5 MW and lower, voltage of more than 1 kV, thermosetting insulation

	
	

	3. Motors with mica compound insulation, voltage higher than 1 kV, capacity from 1 to 5 MW including as well as motors of a smaller capacity (outside installation) with the same insulation and capacity higher than 1 kV

	Not less than the values given in table 1.8.10

	At least 1.2


	4. Motors with mica compound insulation, voltage higher than 1 kV, capacity higher than 1 MW, except for those given in Clause 3

	Not less than the values given in table 1.8.10

	-



	5. Voltage less than 1 kV, all types of insulation

	Not less than 1.0 MΩ at a temperature of 10-30 °С

	-



	6. Rotor winding

	0.2


	-



	7. Thermal indicators with connecting wires, bearings

	As specified by the manufacturer’s instruction manual



2. Measurements of insulation resistance
Permissible values of insulation resistance of electrical motors with voltage higher than 1 kV must comply with the standards given in table 1.8.10.
Table 1.8.10
Minimum permissible values of insulation resistance 
for electrical motors (table 1.8.9, clause 3,4)
	Winding temperature, °С

	Insulation resistance [image: image57.png]


, MΩ at the rated winding voltage, kV


	
	3-3.15


	6-6.3


	10-10.5



	10


	30


	60


	100



	20


	20


	40


	70



	30


	15


	30


	50



	40


	10


	20


	35



	50


	7


	15


	25



	60


	5


	10


	17



	75


	3


	6


	10




For synchronous electrical motors and electrical motors with a phase-wound rotor for 3 kV and higher or capacity higher than 1 MW, the rotor insulation resistance shall be measured by a megohmmeter for a voltage of 1,000 V. The measured resistance value must be not less than 0.2 MΩ.
3. Insulation test with industrial frequency overvoltage
A completly built-up motor shall be subject to such testing.
Tests of stator winding shall be carried out for each phase separately relative to the body when the other two are connected to the body. For motors, having no individual leads for each phase, all winding may be tested relative to the body.
The values of test voltage are given in table 1.8.11. The application time of test voltage shall be 1 min.
Table 1.8.11
Test voltage of industrial frequency for winding of 
alternative current electrical motors
	Test element

	Electrical motor capacity, kW

	Electric motor rated voltage, kV

	Test voltage, kV


	1. Stator winding

	Less than 1.0 

	Less than 0.1 

	0.8 (2Urated + 0.5)

	
	From 1.0 to 1,000 
	Less than 0.1

	0.8 (2Urated + 1)

	
	
	More than 0.1

	0.8 (2Urated + 1) but at least 1.2


	
	From 1,000 and higher

	Up to 3.3 including

	0.8 (2Urated + 1)

	
	From 1,000 and higher

	More than 3.3 to 6.6 including

	0.8 · 2.5Urated

	
	From 1,000 and higher 
	More than 6.6 
	0.8 (2Urated + 3)


	2. Rotor winding of synchronous electric motors designed for direct startup, with excitation winding, resistor grounded, or power supply  


	
	
	8-fold Urated of excitation system, but not less than 1.2 and not more than 2.8


	3. Electric motor rotor winding with phase-wound rotor

	-


	-


	1.5 Urotor *, but at least 1.0


	4. Resistor of synchronous motor field suppression circuit 


	-


	-


	2.0



	5. Rheostats and starting-regulating resistors

	-


	-


	1.5 Urotor *, but at least 1.0



_____________

* Urotor is the voltage of rings with open stationary rotor and stator rated voltage.
4. Measurements of DC resistance
Measurements shall be carried out when a machine is practically cold.
a) stator and rotor* windings
______________

* Rotor winding DC resistance of synchronous and asynchronous motors with phase-wound rotor shall be measured.
Measurements of electrical motors with voltage of 3 kV and higher shall be carried out. Brought to the same temperature, measured values of winding resistance of different phases and synchronous motor excitation winding must not differentiate from each other and from the initial data by more than 2%.
b) rheostats and starting-regulating resistors
The resistance of rheostats and starting resistors, installed in electrical motors with voltage of 3 kV and higher, shall be measured in all tappings. For electrical motors with voltage lower than 3 kV, the total resistance of rheostats and starting resistors shall be measured, and the integrity of branch lines shall be checked.
Any resistance values must not differentiate from the initial values by more than 10%.
5. Function test of no-load running electrical motors or with no-load mechanism
The check time shall be 1 hour at least.
6. On-load electrical motors function test
It shall be carried out at a load, provided by process plant prior to commissioning thereof. At this, adjustment limits for electrical motors with adjustable speed shall be determined. The thermal and vibration condition of the motor shall be checked.
1.8.16. Power transformers, autotransformers, oil reactors 

and grounding ground-fault reactors (ground-fault neutralizers)
Oil-filled transformers of a capacity up to 630 kVA shall be tested according to clauses 1, 2 (only insulation resistance), 11-14.
Oil-filled transformers of a capacity up to 1.6 MV·А shall be tested according to clauses 1, 2, 4, 9 and 11-14.
Oil-filled transformers of a capacity more than 1.6 MV·А and also auxiliary transformers of electric generating plants, regardless of their capacity, shall be tested fully under this paragraph.
Dry and filled with incombustible dielectric fluid transformers shall be tested according to clauses 1-7, 12 and 14.
1. Determination of conditions for transformer switching on
It should be carried out as specified by manufacturer’s instruction manual.
2. Measurements of insulation characteristics
The insulation winding resistance of transformers of a voltage up to 35 kV including, a capacity of up to 10 МV·А and ground-fault neutralizers must not be less than the following values:
	Twinding, °С

	10


	20


	30


	40


	50


	60


	70



	R60, MΩ

	450


	300


	200


	130


	90


	60


	40




The insulation resistance of dry transformers at a temperature of 20-30 °С must be for the winding with a rated voltage.
–up to 1 kV including, at least 100 MΩ;
–from more than 1 kV to 6 kV, at least 300 MΩ;
–more than 6 kV, at least 500 MΩ;
For the rest of transformers, the insulation resistance, brought to the measurement temperature at the manufacturer’s, must be at least 50% of the initial value.
The value of dielectric loss factor, ([image: image58.png]tgd



), brought to the temperature of measurements by the manufacturer, must not differentiate from the initial values towards reduction by more than 50%.
Measurements of insulation resistance and [image: image59.png]tgd



 must be carried out at a winding temperature not less than:
10 °С for transformers with voltage up to 150 kV;
20 °С for transformers with voltage between 220 and 750 kV.
Measurements of the [image: image60.png]tgd



 of transformers of a capacity up to 1,600 kVA are not mandatory.
The insulation resistance of accessible tension pins, bands, armature semibands and pressing rings relative to active steel and electrostatic screens, winding and magnetic circuit shall be measured in case of examining the active part. Measured valued must be 2 MΩ at least, and of the insulation of yoke bars at least 0.5 MΩ. Measurements shall be carried out with a megaohmmeter with voltage of 1,000 V.
3. Tests with industrial frequency overvoltage
a) of winding insulation together with inputs. The test voltage values are given in table 1.8.12. The application time of a standardized test voltage shall be 1 min.
Tests with industrial frequency overvoltage of insulation winding of oil-filled transformers shall not be mandatory.
Tests with industrial frequency overvoltage of the winding insulation of dry transformers shall be mandatory, and they shall be carried out according to the standards given in table 1.8.12 for units with reduced insulation.
It is permitted to test import transformers with voltages presented in table 1.8.12 only if they do not exceed the test voltage for the transformer used by the manufacturer.
Table 1.8.12 

Test voltage of industrial frequency of internal insulation 
of power oil-filled transformers and reactors 
with normal insulation and transformers with reduced insulation 
(dry and oil-filled)
	Winding voltage class, kV 
	Test voltage relative to the body and other winding, kV for insulation


	
	Normal

	Reduced


	From 0.05 to 1

	4.5


	2.7



	3


	16.2


	9



	6


	22.5


	15.4



	10


	31.5


	21.6



	15


	40.5


	33.5



	20


	49.5


	-



	35


	76.5


	-




The test voltage of grounding reactors with voltage up to 35 kV is similar to those for transformers of the relevant class.
b) insulation of accessible tension pins, pressing rings and yoke bars. Tests should be carried out in case of examining the active part. Test voltage, 1 kV. The application time of a standardized test voltage shall be 1 min.
4. Measurements of DC winding resistance
They shall be performed for all tappings. The resistance must not differentiate by more than 2% from the resistance recorded at the same line of other phases or from the manufacturer's data.
After temperature recalculation, the value of winding resistance of one-phase transformers must not differentiate from the initial data by more than 5%.
5. Checks of transformation factor
They shall be performed at all switching steps. A transformation factor must not differentiate by more than 2% from the values obtained at the same line of other phases or from the manufacturer's data. The difference of transformation factors of on-load tap-changing transformers must not exceed the values of control steps.
6. Checks of connection group of three-phase transformers and polarity of one-phase outputs
They shall be carried out if the ratings are unavailable or doubtful. A connection group must correspond to the ratings or designations of the board.
7. Measurements of no-load running losses
Measurements shall be taken for transformers with a capacity of 1,000 kV·А or higher at a voltage supplied to the low voltage winding equal to the voltage indicated in the manufacturer’s test reports (certificate), but no more than 380 V. No-load running losses of three-phase transformers shall be measured with a one-phase excitation according to diagrams used at the manufacturer’s.
When commissioning three-phase transformers, the ratio of losses of on different phases must not differentiate from the ratios presented in manufacturer’s test report (certificate) by more than 5%.
When commissioning one-phase transformers, the difference of measured values of losses from the initial data must not exceed 10%.
7.1. Measurements of a transformer short circuit resistance, (Zshort)
Measurements shall be taken for transformers of 125 MV·A or higher.
The Zshort of transformers with a voltage control device under load shall be measured at the principal and both end lines.
Values of Zshort must not exceed the values, determined by the voltage of short circuit, (Ushort circuit), of transformers at the principle by more than 5%.
8. Function tests of a switching device
They shall be carried out as specified by the manufacturer’s instruction manual.
9. Tests of a tank with radiators
All transformers, except for pressure-tight and those without an expander, shall be subject to testing. Tests shall be carried out for the following units:
–transformers of a capacity of up to 35 кV (including)–by hydraulic pressure of oil column, the height of which above the level of filled expander shall be 0.6 m, except for transformers with wavy tanks and finned radiators for which the height of oil column shall be 0.3 m;
–transformers with oil film protection–by creation of air overpressure of 10 kPa inside the flexible enclose;

–rest of transformers–by creation of nitrogen overpressure or dry air of 10 kPa in the expander gap above oil.

In all cases the test time shall be at least 3 hours. The temperature of oil in the tank, while testing transformers with a voltage of up to 150 kV (including), shall not be less than 10 °С, and for the rest of them not less than 20 °С.
A transformer shall be considered oil tight if during the testing no oil leaks are found.

10. Checks of cooling devices 

The mode of start-up and operation of cooling devices must correspond to the manufacturer’s instruction manual.

11. Checks of oil protection devices 

They shall be carried out as specified by the manufacturer’s instruction manual.

12. Phasing of transformers 

Phase balancing must take place.

13. Tests of transformer oil

Prior to filling fresh oil into newly commissioned transformers, supplied without oil, it must be tested for its parameters according to clauses 1-6, 7-12 and table 1.8.33.

It is recommended that the oil of transformers of a voltage of up to 35 kV should be tested for its parameters according to clause 1-7, table 1.8.33; it is allowed not to carry out tests according to clauses 3, 6 and 7, table 1.8.33.

The oil of transformers with voltage of 110 kV or higher shall be tested according to clauses 1-7, table 1.8.33, and of transformers with oil film protection, additionally under clause 10.

The oil from the contactor tank of voltage control device under load of transformers with on-load tap-changing transformer shall be tested in accordance with the manufacturer’s instruction manual on on-load tap-changing transformer.

Oil samples shall not be taken from pressure tight transformers.

It is recommended that chromatographic analysis of gases diluted in the oil of transformers of a capacity of 110 кV or higher and also auxiliary transformer units shall be made.

The oil from transformers supplied for installation with oil, if satisfactory manufacturer’s tests conducted at least 6 months prior to putting the transformers commissioning are available, are permitted to be tested only as per the parameters of clauses 1 and 2, table 1.8.33.

In transformers of a capacity up to 630 kVA, it is permitted to carry out oil testing only according to clauses 1 and 2 (visual examination), table 1.8.33.

14. Tests by switching intermittently to a rated voltage

During 3-5 time switching of a transformer to a rated voltage, phenomena showing unsatisfactory condition of a transformer should not occur.

It is recommended that transformers assembled according to the block diagram with a generator should be connected to the mains by raising the voltage from zero.

15. Tests of inputs

Should be carried out in accordance with 1.8.33.

16. Test of built-in current transformers. Should be carried out in accordance with 1.8.17.

1.8.17. Measuring current transformers
1. Measurement of insulation resistance

Measurement of the resistance of a current transformer main insulation, measuring capacitor insulation and lead of the paper-oil insulation upper covering of the capacitor type shall be carried out by a megaohmmeter for 2,500 V.

Measurement of the resistance of secondary windings and auxiliary windings of cascade transformers relative to the mounting shall be carried out by a megaohmmeter for 1,000 V.

The measured values of insulation resistance must not be less than the values given in table 1.8.13.

Table 1.8.13 
Resistance of cascade current transformer insulation
	
	Permissible values of insulation resistance, MΩ, at least 



	Voltage class, kV


	Main insulation


	Measuring lead


	Upper layers


	Secondary windings*


	Auxiliary windings



	3-35


	1,000


	-


	-


	50(1)


	-



	110-220


	3,000


	-


	-


	50(1)


	-



	330-750


	5,000


	3,000


	1,000


	50(1)


	1




_____________

* Resistance of secondary winding insulation are given: without parentheses – with disconnected secondary circuits, in parentheses - with connected secondary circuits.
For cascade current transformers insulation resistance shall be measured for the current transformer as a whole. If the results of such measurements are unsatisfactory, insulation resistance shall be measured additionally by stage.

2. Measurement of Insulation[image: image61.png]tgd
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 of current transformers with paper-oil insulation shall be carried out at a voltage of 10 kV.
The measured values brought to a temperature of 20 °С must not exceed those given in table 1.8.14.

Table 1.8.14
Values of [image: image63.png]tgd



 of current transformer main insulation
	Insulation type


	Limit values of [image: image64.png]tgd



, %, of main current transformer insulation for a nominal one



	
	3-15 


	20-35 


	110 


	220


	330 
	500 
	750 


	Paper-bakelite


	3.0 
	2.5 
	2.0 
	-
	-
	-
	-

	Main paper-oil and capacitor insulation

	-


	2.5


	2.0


	1.0


	Not more than 150% of the value measured at the manufacturer’s plant, but not more than 0.8




For cascade current transformers [image: image65.png]tgd



 of the main insulation shall be measured for the current transformer as a whole. If the results of such measurements are unsatisfactory, [image: image66.png]tgd



 of the main insulation shall be measured additionally by stages.
3. Test with 50 Hz industrial frequency overvoltage.

3.1. The main insulation overvoltage test.

The values of test voltage of the main insulation are given in table 1.8.16. The duration of current transformer test shall be 1 min.
It is allowed to carry out tests of current transformers along with buses. The current transformers with voltage exceeding 35 kV shall not be subject to overvoltage test.

3.2. Secondary winding insulation overvoltage test

The value of test voltage for secondary winding insulation together with circuits connected to them shall be assumed equal to 1 kV.

The duration of application of test voltage shall be 1 min.

4. Measurement of magnetization characteristics

The characteristic shall be measured by increase of voltage on one of the secondary windings until the beginning of saturation, but not higher than 1,800 V.

If windings have taps, the characteristic shall be measured on the operating tap.

The measured characteristic shall be compared with the standard magnetization characteristic or with magnetization characteristics of serviceable current transformers of the same type as the tested ones.
The difference from values measured at the manufacturer’s plant or from those measured on a serviceable current transformer of the same type as the tested one must not exceed 10%.
Measurements may be carried out only at three test points.

5. Measurement of transformation ratio

Deviation of the measured ratio from that specified in the certificate or measured on a serviceable current transformer of the same type as the tested one must not exceed 2%.
6. Measurement of DC resistance of secondary windings

Measurement shall be carried out for current transformers for a voltage of 110 kV or higher.

Deviation of the measured DC resistance of a winding from the certified value or the value measured on other phases must not exceed 2%. When comparing the measured value with certified values, the measured resistance value must be brought the manufacturer’s plant temperature. When comparing with other phases, measurements on all phases must be carried out at the same temperature. 
7. Tests of transformer oil 
During commissioning of current transformers, transformer oil must be tested in accordance with the requirements of table 1.8.33, clauses 1-6; and for sealed transformers – as per clause 10 as well.

The evaluation of transformer oil of oil-filled cascade current transformers at each stage shall be carried out in accordance with standards corresponding to the stage operating voltage.

8. Test of built-in current transformers

To be carried out according to clauses 1, 3.2, 4-6. Measurement of the resistance of built-in current transformer insulation shall be carried out by a megaohmmeter for a voltage 1,000 V.
The measured insulation resistance without secondary circuits must be 10 MΩ at least.
It is allowed to measure the insulation resistance of built-in current transformers together with secondary circuits. The measured insulation resistance must be 1 MΩ at least.
1.8.18. Measuring voltage transformers 
1. Electromagnetic voltage transformers
1.1. Measurement of winding insulation resistance

Measurement of the voltage transformer high-voltage winding insulation resistance shall be carried out by a megaohmmeter for a voltage 2,500 V.
Measurement of the resistance of insulation of secondary windings as well as binding windings of cascade voltage transformers shall be carried out by a megaohmmeter for a voltage 1,000 V.
The measured values of insulation resistance must not be less than the values given in table 1.8.15.

Table 1.8.15 
Voltage transformer insulation resistance

	
	Permissible values of insulation resistance, MΩ, at least 



	Voltage class, kV


	Main insulation


	Secondary windings*


	Binding windings*



	3-35


	100


	50(1)


	1



	110-500


	300


	50(1)


	1




_______________

* Resistance values of secondary winding insulation are given:

without parentheses - with disconnected secondary circuits;

in parentheses - with connected secondary circuits.

1.2. Test with 50 Hz frequency overvoltage.

Tests of high-voltage winding insulation with 50 Hz frequency overvoltage shall be carried out for voltage transformers with insulation of all high-voltage winding leads of these transformers for rated voltage.

The values of test voltage of the main insulation are given in table 1.8.15.

The duration of voltage transformer test shall be 1 min.

The value of test voltage for secondary winding insulation together with circuits connected to them shall be assumed equal to 1 kV.

The duration of application of test voltage shall be 1 min.

1.3. Measurements of DC resistance of windings

Measurement of the DC resistance of windings shall be carried out at binding windings of cascade voltage transformers.

Deviation of the measured DC resistance of a winding from the certified value or the value measured on other phases must not exceed 2%. When comparing the measured value with certified values, the measured resistance value must be brought the manufacturer’s plant test temperature. When comparing with other phases, measurements on all phases must be carried out at the same temperature.
1.4. Test of transformer oil

During commissioning of voltage transformers, oil must be tested in accordance with the requirements of table 1.8.32, clauses 1-6.
The evaluation of the condition of oil of oil-filled cascade voltage transformers at separate stages shall be carried out in accordance with standards corresponding to operating voltage of the stage.

2. Capacitor voltage transformers

2.1. Test of voltage divisor capacitors

Test of voltage divisor capacitors shall be carried out in accordance with the requirements of section 1.8.27.
2.2. Measurement of electromagnetic unit insulation resistance

Measurement of winding insulation resistance shall be carried out with a megaohmmeter for a voltage of 2,500 V.
The insulation resistance must not be different from that specified in the certificate by more than 30% for worse, but it must make up 300 MΩ at least.

2.3. Test of an electromagnetic unit with 50 Hz frequency overvoltage

The electromagnetic unit secondary winding insulation shall be subject to testing.

Test voltage - 1.8 kV.

The duration of voltage application - 1 min.

2.4. Measurement of DC resistance of windings

During commissioning measurement of DC resistance of windings shall be carried out at all positions of a switching device.
The measured values, brought to the manufacturer’s plant test temperature, must not be different from those specified in the certificate by more than 5%.
2.5. Measurement of current and no-load running losses

Measurement of current and no-load running losses shall be carried out at the voltage specified in manufacturer's documentation.
The measured values must not differentiate from those specified in the certificate by more than 10%.

2.6. Test of transformer oil from an electromagnetic unit

The value of oil breakdown voltage must be not less than 30 kV.

During commissioning, fresh dry transformer oil to fill up (top up) the electromagnetic unit must be tested in accordance with the requirements of table 1.8.33, clauses 1-6.

2.7. Test of valve-type arresters

To be carried out according to the provisions of section 1.8.31.

1.8.19. Oil breakers

1. Measurement of insulation resistance:

a) of moving and guiding parts fabricated of organic materials. To be carried out with a megaohmmeter for a voltage of 2,500 V.
Insulation resistance must not be less than the values presented below: 

	Breaker rated voltage, kV

	3-10 
	15-150 
	220-500 

	Insulation resistance, MΩ


	1,000 
	3,000 
	5,000 


b) of secondary circuits, opening and closing electromagnets etc. To be carried out in accordance with 1.8.37.

2. Test of inputs

To be carried out in accordance with 1.8.34.
3. Evaluation of internal tank insulation and arc-control device insulation conditions

Evaluation shall be carried out at tank oil breakers for a voltage of 35 kV, if during measurement of [image: image67.png]tgd



 of inputs values exceeding the standards presented in table 1.8.30 were obtained on a completely assembled breaker.

Internal tank insulation and arc-control device insulation shall be dried if the exclusion of this insulation impact reduces the measured [image: image68.png]tgd



 by more than 4% (absolute value).

4. Insulation test with industrial frequency overvoltage:

a) of breaker insulation relative to the body or supporting insulation. To be carried our for breakers with voltage up to 35 kV. Test voltage for breakers shall be assumed in accordance with the data in table 1.8.16. The application time of normalized test voltage shall be 1 min.
Table 1.8.16
Test voltage of industrial frequency for the external insulation of devices

	
	Test voltage, kV, for devices with insulation



	Class

of voltage, kV


	normal ceramic 


	normal organic

	reduced ceramic


	reduced organic


	3


	24


	21.6


	13


	11.7



	6


	32


	28.8


	21


	18.9



	10


	42


	37.8


	32


	28.8



	15


	55


	49.5


	48


	43.2



	20


	65


	58.5


	-


	-



	35


	95


	85.5


	-


	-




The same test must be applied to 6-10 kV oil breaker between-contact gap insulation.

b) of secondary circuits and opening and closing electromagnet winding insulation. Test voltage value shall be 1 kV. The application time of normalized test voltage shall be 1 min.
5. Measurement of DC resistance:

a) of an oil breaker contacts. The resistance of the live system of a breaker pole and its separate elements shall be measured. The values of DC resistance of contacts must correspond to the manufacturer’s data.

b) of arc-control device shunt resistors. The measured resistance value should not differentiate from the manufacturer’s data by more than 3%;
c)  of opening and closing electromagnet windings. The value of winding resistance must correspond to the manufacturer’s data.
6. Measurement of breaker temporary characteristics 
Measurement of temporary characteristics shall be carried out for all voltage classes. Measurement of opening and closing speed should be carried out for breakers of 35 kV and higher, if it is required by the manufacturer’s instruction. The measured characteristics must correspond to the manufacturers’ instructions.

7. Measurement of a breaker moving parts (bridges) travel, force of contacts driving in upon closing, simultaneity of contact closing and opening.

The received values must correspond to the manufacturers’ instructions.

8. Check of adjustment and setting characteristics of machinery, drives and breakers.

To be carried out to the extent and according to the standards of manufacturers’ instructions and certificates for each type of drives and breakers.
9. Check of a free release device operation

The drive free release device must allow opening along all the contact travel, i.e. at any moment from the beginning of closing.

10. Check of minimum voltage (pressure) of a breaker operation.

The minimum voltage of operation shall be checked by poles for breakers with pole-change drives.

The minimum voltage of operation must comply with standards specified by breaker manufacturers. The value of an air-operated drive operation pressure must be less than the lower level of working pressure by 20-30%.
11. Test of breakers by multiple tryouts

Multiple tryouts of breakers – performance of operations of closing and opening and complex cycles (closing-opening without hold time is mandatory for all breakers, opening-closing and opening-closing-opening are mandatory for all breakers designed for operation in the automatic recloser mode) must be carried out at a rated voltage on electromagnet leads. The number of operations and complex cycles to be performed for a breaker must make up:
- 3-5 operations of closing and opening;

- 2-3 cycles of each type.

12. Test of breaker transformer oil 
For tank breakers of all voltage classes and low-capacity breakers of 110 kV and higher oil shall be tested before and after topping up breakers with oil.

For low-capacity breakers up to 35 kV oil shall be tested before filling up arc extinguish chambers. Tests of oil shall be carried out in accordance with table 1.8.33, clauses 1, 3, 4, 5.
13. Test of built-in current transformers. To be carried out in accordance with 1.8.17.

1.8.20. Air circuit breakers

1. Measurement of insulation resistance:

a) of supporting insulators, insulators of interrupting chambers and isolating switches, insulating rods and air lines of all voltage class breakers. To be carried out with a megaohmmeter for a voltage of 2.5 V.
If necessary, measurement of supporting insulators, insulators of interrupting chambers and isolating switches insulation resistance should be carried out with installation of guard bands on the outer surface.
Insulation resistance must be not less than the values given in table 1.8.17.

Table 1.8.17

Minimum permissible resistance of supporting insulation of air circuit breaker moving parts

	Test item


	Insulation resistance , MΩ, at the rated breaker voltage, kV



	
	Up to 10


	15-150


	220 and higher



	Supporting insulator, air line and rod (each separately) fabricated of porcelain  

	1,000


	3,000


	5,000




b) of secondary circuits, opening and closing electromagnet windings. To be carried out in accordance with 1.8.37.
2. Test with industrial frequency overvoltage:

a) of breaker insulation. Mandatory for breakers with voltage up to 35 kV. Supporting porcelain insulation of breakers should be tested with industrial frequency overvoltage in accordance with table 1.8.16. The application time of normalized test voltage shall be 1 min.
b) of insulation of secondary circuits and control electromagnet windings. To be carried out in accordance with 1.8.37.
3. Measurement of DC resistance:

a) of contacts of air circuit breakers of all class voltage. Resistance of contacts of each element of the interrupting chamber, isolating switch shall be measured separately. Maximum permissible values of air circuit breaker contact resistance are given in table 1.8.18.
Table 1.8.18

Limit values of DC resistance of air circuit breaker contact systems

	Breaker type

	Pole contour resistance, μΩ, at most



	ВВН-330-15

	460



	ВВ-330Б

	380



	ВВ-500Б

	500



	ВВБ-110, ВВБМ-110Б, ВВБК-110Б

	80



	ВВД-220Б, ВВБК-220Б

	300



	
	600



	ВВБ-500А

	900



	ВВБ-750А

	1,200



	ВНВ-330-40, ВНВ-330-63, ВНВ-500-40, ВНВ-500-63

	150



	ВНВ-750

	230




Notes:

1. Limit resistance values of one element (gap) of the interrupting chamber and isolating switch and one module arc-control device:  of breakers of series ВВН - 20 μΩ, series ВВУ, ВВБ, ВВД, ВВБК - 80 μΩ, series ВНВ - 70 μΩ.

2. For breakers of the type BB with 330-500 kV voltage, resistance values of the following sections of live contours must not exceed:

50 μΩ – for buses connecting the interrupting chamber with the compartment;
80 μΩ – for a bus connecting two halves of the isolating switch;

10 μΩ – for transition from the terminal lead of the isolating switch to the connecting bus.
3. The resistance values of each gap of arc-control devices of the breaker 330-750 kV of the series BHB must not exceed 35 μΩ.
b) of windings of electromagnets closing and opening breakers. Determined for each type of breakers according to manufacturer’s data.
c) the results of measurements of voltage divisor and shunt resistor element resistance must comply with the manufacturer’s standards given in table 1.8.19.
Table 1.8.19 
Normalized values of DC resistance of ohmic divisors 
of voltage and shunt resistors

	Breaker type


	One element resistance, Ω



	ВВН-110-6

	150±5



	ВВШ-110Б, ВВШ-150Б

	150[image: image69.png]
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	ВВН-154-8, ВВН-220-10, ВВН-220-15, ВВН-330-15

	15,000±150



	ВВ-330, ВВ-500

	14140±140



	ВВУ-35

	4,6-0,25



	ВВУ-110Б

	5±0.3 (lower module) 
100±2 (upper module)



	ВВБ-110, ВВБ-220Б

	100±2



	ВВБМ-110Б, ВВД-220Б

	50±1



	ВВБК-110Б, ВВБК-220Б

	47.5[image: image71.png]


-0.5


	ВНВ-330-63, ВНВ-500-63

	75[image: image72.png]
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Note. The resistance of shunt resistors to be installed on one pole of the breaker must not be different ones from the others for more than it is specified by the manufacturer's instruction.
4. Check of a breaker characteristics 

A breaker characteristics measured at rated, minimum and maximum working pressures during simple operations and complex cycles must correspond to the manufacturer’s data.
5. Check of minimum voltage of a breaker operation.

Air circuit breaker control electromagnets must operate at a voltage of not more than 0.7·Urated when the drive is fed from a DC power supply and 0.65·Urated when the drive is fed from an AC power supply through rectifiers and at maximum working pressure of compressed air in breaker chambers. Voltage shall be applied to electromagnets intermittently.
6. Test of a breaker by multiple closing and opening

The number of operations and complex cycles to be performed for each breaker shall be specified according to table 1.8.20.

Table 1.8.20
Conditions and number of tryouts during checkout

	Operation or cycle


	Pressure during tryout


	Voltage 
at leads


	Number of operations 
or cycles



	1. Closing


	Minimum operation


	Rated


	3



	2. Opening


	Idem


	Idem


	3



	3. Closing-opening


	"


	"


	2



	4. Closing


	Minimum working


	"


	3



	5. Opening


	Idem


	"


	3



	6. Closing-opening


	"


	"


	2



	7. Closing


	Rated


	"


	3



	8. Opening


	Idem


	"


	3



	9. Opening-closing


	"


	"


	2



	10. Closing


	Maximum working


	0.7 of rated


	2



	11. Opening


	Idem


	Idem


	2



	12. Closing-opening


	"


	Rated


	2



	13. Opening-closing-opening


	"


	Idem


	2



	14. Opening-closing-opening


	Minimum for automatic recloser


	"


	2




Note. While performing operations and complex cycles (clauses 4-9, 12-14) control oscillogrames must be made.
7. Test of air circuit breaker voltage divisor capacitors

To be carried out in accordance with 1.8.30.

1.8.21. Sulfur hexafluoride circuit breakers

1. Measurement of insulation resistance of secondary circuits and control electromagnet windings.

Measurements must be carried out according to the instructions of section 1.8.37.
2. Test of breaker insulation

2.1. Test of insulation must be carried out with industrial frequency voltage according to table 1.8.16. Test may not be carried out for breakers filled up with sulfur hexafluoride at the manufacturer’s plant and not subject to opening during all the period of operation.
2.2. Test of insulation of secondary circuits and control electromagnet windings must be carried out in accordance with the instructions of section 1.8.37.
3. Measurement of DC resistance

3.1. Measurement of the main circuit resistance. Resistance of the main circuit must be measured both for the whole live contour of the pole and separately for each gap of the arc-control device.

The measured values must correspond to the manufacturer’s standards.
Measurements shall not be carried out for breakers filled up with sulfur hexafluoride at the manufacturer’s plant and not subject to opening during all the period of operation.

3.2 Measurement of resistance of control electromagnet windings and auxiliary resistors in their circuit. The measured values of resistance must correspond to the manufacturer’s standards.
4. Check of minimum voltage of a breaker operation.

Breakers must operate at a voltage of not more than 0.85·Urated when the drive is fed from a DC power supply; 0.7·Urated when the drive is fed from an AC power supply at rated pressure of bexafluorated sulfur gas in cavities of a breaker and maximum working pressure in a drive chambers. Voltage shall be applied to electromagnets intermittently.
5. Test of voltage divisor capacitors

Tests must be carried out according to section 1.8.30.

The values of measured capacity must correspond to the manufacturer’s standard.

6. Check of a breaker characteristics

When checking the operation of sulfur bexafluorated circuit breakers characteristics specified by the manufacturer’s instructions must be measured. Results of checks and measurements must correspond to the rated values
7. Test of breakers by multiple tryouts

Multiple tryouts – performance of operations of closing and opening and complex cycles (closing-opening without hold time between the operations – for all breakers; opening-closing and opening-closing-opening – for all breakers designed for operation in the automatic recloser mode) must be carried out at different pressures of compressed air in the drive and at voltages on control electromagnet leads for monitoring of serviceability of breakers according to table 1.8.20. To be carried at a rated voltage on the drive electromagnet leads or at a rated pressure of the drive compressed air.

The number of operations and complex cycles to be performed for a breaker must make up:

- 3-5 operations of closing and opening;

- 2-3 cycles of each type.

8. Pressure leak test

Pressure leak test shall be carried out with a leak detector. During pressure leak test the breaker sealing joints and welds shall be examined with the leak detector probe.
The results of the pressure leak test shall be considered satisfactory, if the leak detector does not show any leak. The test shall be carried out at bexafluorated sulfur gas rated pressure.

9. Check of water content in bexafluorated sulfur.
The check of water content in bexafluorated sulfur shall be carried out prior to fill up of a breaker with bexafluorated sulfur on the basis of dew point measurement. The dew point temperature of bexafluorated sulfur must not exceed minus 50 °С.
10. Test of built-in current transformers.

Test must be carried out in accordance with the instructions of 1.8.17.
1.8.22. Vacuum circuit breakers

1. Measurement of insulation resistance of secondary circuits and control electromagnet windings.

Measurements shall be carried out according to the instructions of section 1.8.37.

2. Test of insulation with 50 Hz frequency overvoltage.

2.1. Test of a breaker insulation 
The value of test voltage shall be assumed according to table 1.8.16.
2.2. Test of insulation of secondary circuits and control electromagnet windings.

Tests shall be carried out according to the instructions of section 1.8.37.

3. Check of minimum voltage of a breaker operation.

Vacuum circuit breaker control electromagnets must operate:
- closing electromagnets at voltage of not more than 0.85·Urated;
- opening electromagnets at voltage of not more than 0.7·Urated.

4. Test of breakers by multiple tryouts 

The number of operations and complex cycles to be performed for a breaker at rated voltage on electromagnet leads must make up:
- 3-5 operations of closing and opening;

- 2-3 closing-opening cycles without hold time between operations.
5. Measurement of DC resistance, measurement of breaker temporary characteristics, measurement of moving parts travel, simultaneity of contact closing
To be carried out if required by the manufacturer’s instruction.

1.8.23. Load break switches

1. Measurement of insulation resistance of secondary circuits and control electromagnet windings.

To be carried out in accordance with 1.8.37.

2. Test with industrial frequency overvoltage:

a) of load break switch insulation. To be carried out in accordance with table 1.8.16;
b) of insulation of secondary circuits and control electromagnet windings. To be carried out in accordance with 1.8.37. 3.
3. Measurement of DC resistance:

a) of breaker contacts. Measurement of resistance of the live system of the pole and each pair of operating contacts shall be carried out. The values of resistance must correspond to the manufacturer’s data;

b) of control electromagnet windings. The values of resistance must correspond to the manufacturer’s data.
4. Check of a free release device operation

The free release device operation shall be checked in accordance with 1.8.19, clause 9.

5. Check of a drive operation at low voltage.

To be carried out in accordance with 1.8.19, clause 10.

6. Test of a load break switch by multiple tryouts.

To be carried out in accordance with 1.8.19, clause 11.

1.8.24. Disconnecting links, isolating switches and short-circuiting switches 
1. Measurement of insulation resistance:

a) of tangs and rods fabricated of organic materials. To be carried out with a megaohmmeter for a voltage of 2.5 kV. Insulation resistance must be not less than the values given in 1.8.19, clause 1а;
b) of multielement insulators. To be carried out in accordance with 1.8.35;
c) of secondary circuits and control electromagnet windings. To be carried out in accordance with 1.8.37.
2. Test with industrial frequency overvoltage:

a) of insulation of disconnecting links, isolating switches and short-circuiting switches. To be carried out in accordance with table 1.8.16;
b) of insulation of secondary circuits and control electromagnet windings. To be carried out in accordance with 1.8.37. 
3. Measurement of DC resistance:

a) measurement must be carried out between the "contact lead – contact lead” points. The results of resistance measurements must comply with the manufacturer’s standards, if the latter are not available – with data of table 1.8.21;

b) of control electromagnet windings. The values of winding resistance must correspond to the manufacturers’ data.

Table 1.8.21

Maximum permissible DC resistance of the disconnecting link and isolating switch contact system

	Disconnecting link (isolating switch) type

	Rated voltage, kV

	Rated current, A

	Resistance, mkΩ


	РОНЗ

	500


	2,000


	200



	РЛН

	35-200


	600


	220



	
	
	600


	175



	Other types

	All voltage classes

	1,000


	120



	
	
	1,500-2,000


	50




4. Measurement of stretching out forces of moving contacts from fixed ones.

To be carried out for disconnecting links and isolating switches of 35 kV Measurement of stretching out force values of degreased contact surfaces must correspond to the manufacturer’s data.

5. Check of a disconnecting link, isolating switch and short-circuiting switch operation. 
Manually operated devices must be checked by performance of 5 closing operations and 5 opening operations.

Remotely operated devices must be also checked by performance of 5 closing operations and the same number of opening operations at rated voltage on control electromagnet and electrical motor leads.
6. Determination of temporary characteristics 
To be carried out for short-circuiting switches upon closing and isolating switches upon opening. The measured values must correspond to the manufacturer’s data.
7. Check of mechanical blocking operation 
Blocking must prevent operation of main blades when grounding blades are closed and vice versa. 

1.8.25. Switchgears and control gears for internal and external installation 
Test standards for switchgears and control gears elements - oil breakers, measuring transformers, load break switches, valve-type arresters, fuses, disconnecting links, power transformers and transformer oil - are presented in the appropriate paragraphs of present chapter.
1. Measurement of insulation resistance:

a) of primary circuits. To be carried out with a megaohmmeter for a voltage of 2.5 kV.
The insulation resistance of fully assembled primary circuits of switchgears and control gears with installed equipment and nodes must be not less than 100 MΩ.
If the results of tests are unsatisfactory, measurement of resistance shall be carried out by elements; in this case the insulation resistance of each element must be not less than 1,000 MΩ. Switchgears and control gears filled up with sulfur hexafluoride at the manufacturer’s plant and not subject to opening during all the period of operation shall not be tested; 

b) of secondary circuits. To be carried out with a megaohmmeter for a voltage of 500-1,000 V.
The insulation resistance of each connection of secondary circuits with all connected devices (relays, instruments, current and voltage transformer secondary windings etc.) must be not less than 0.5 MΩ.
2. Test with industrial frequency overvoltage:

a) of insulation of switchgear and control gear and external switchgear and control gear cubicle primary circuits. The test voltage of fully mounted switchgear and control gear and external switchgear and control gear cubicles with trolleys in operational position and locked doors is presented in table 1.8.22.

Table 1.8.22

Industrial frequency test voltage for switchgear and control gear and external switchgear and control gear cubicle insulation
	Voltage class, kV

	Test voltage, kV, for cubicle with insulation



	
	ceramic

	of hard organic materials


	up to 0.69


	1


	1



	3


	24


	21.6



	6


	32


	28.8



	10


	42


	37.8



	15


	55


	49.5



	20


	65


	58.5



	35


	95


	85.5




The application time of normalized test voltage shall be 1 min;

b) of insulation of secondary circuits. To be carried out with voltage of 1 kV. The application time of normalized test voltage shall be 1 min.
3. Measurement of DC resistance 
DC resistance of removable and bolted joints must not exceed the values presented in table 1.8.23.

Table 1.8.23
Permissible values of DC resistance of switchgear and control gear elements
	Measured element*


	Permissible values of resistance 

	1. Push-on contacts of a primary circuit


	Permissible values of contact resistance are presented in manufacturers’ instructions. If resistance values are not presented in manufacturers’ instructions, they must be not more than:


	
	for 400 A contacts – 75 mkΩ;


	
	for 630 A contacts – 60 mkΩ;



	
	for 1,000 A contacts – 50 mkΩ;



	
	for 1,600 A contacts – 40 mkΩ;



	
	for contacts of 2,000 A and higher – 33 mkΩ;



	2. Connection of an extensible element grounding with the body


	Not more than 0.1 Ω



_______________

* Measurement shall be carried out if the design of the switchgear and control gear allows to do so.

4. Mechanical tests

To be carried out in accordance with the manufacturer’s instructions. Mechanical tests include:
a) replacement and removal of extensible elements with check of mutual engagement of disconnecting contacts as well as shutters, interlocks, latches etc. operation;
b) check of operation and condition of the grounding disconnecting link contacts.

1.8.26. Factory-assembled current distributors (busbars)

The scope and standards of tests of the equipment connected to a current distributor and busbar (generator, power and measuring transformers etc.) are presented in the corresponding paragraphs of this chapter. 

1. Test with industrial frequency overvoltage

The test voltage of a current distributor insulation with disconnected windings of a generator, power voltage transformers shall be specified according to table 1.8.24.

Table 1.8.24 
Test voltage of industrial frequency for current distributor insulation

	
	Test voltage, kV, for current distributor with insulation



	Voltage class, kV 
	porcelain

	mixed (ceramic) and of hard organic materials


	Up to 0.69


	1


	1



	6


	32


	28.8



	10


	42


	37.8



	15


	55


	49.5



	35


	95


	85.5




The time of application of normalized test voltage to the current distributor shall be 1 min.

2. Check of bolted and weld joint quality

Bolted joint tightness shall be checked on a selective basis; 1-2 randomly selected bolted joints shall be unbolted in order to check contact joint quality.

Welds shall be examined in accordance with the aluminum welding instruction, or, provided the appropriate equipment is available, they shall be subject to X-ray or gamma-ray inspection or any other method recommended by the manufacturer. 

3. Check of insulating liner condition 
To be carried out for current distributor which sheathes are insulated from supporting metal structures. Check of integrity of insulating liners shall be carried out by comparative measurements of voltage drop on the phase section insulating liners or by measurement of current passing between supports of sections of metal structures. Criteria of absence of short-circuited contours in generating voltage current distributors are presented in table 1.8.25.
Table 1.8.25

Criteria of absence of short-circuited contours in current distributors
	Current distributor design

	Checked node


	Criterion of condition evaluation 
	Note 

	With continuous screens


	Insulation of screens or boxes of a current distributor from the transformer and generator body at: 


	
	

	
	- continuous air gap (aperture) between the current distributor screen and generator body;

	Absence of metal short-circuit between screens and the body of a generator.


	Visual examination



	
	- one-way insulation of sealing of screens and boxes of a current distributor from the transformer and generator body;  


	Integrity of insulation bushings, absence of contact between screen or box surfaces (in places of insulation) of transformer and generator bodies.


	Visual examination



	
	- two-way insulation of sealing of removable screens and boxes of a current distributor connected to the transformer and generator body;


	Removable screen or box insulation resistance relative to the transformer and generator body with removed tie rods and earthing leads must be not less than 10 kΩ. 


	To be measured with a mega​ohmmeter for a voltage of 500 V.



	Sectional


	Insulation of the rubber compensators of current distributor screens from the transformer and generator body. 

	Clearance between the bolts of adjacent rubber compensator pressing rings must be not less than 5 mm. 

	Visual examination



	
	Insulation of rubber seals of removable and moving screens.

	The screen insulation resistance relative to metal structures with removed tie rods must be not less than 10 kΩ.

	To be measured with a mega​ohmmeter for a voltage of 500 V.



	All types with two-layer liners of screen supports


	Insulating liners of screen supports


	The liner insulation resistance relative to metal structures must be not less than 10 kΩ.

	1. To be measured with a mega​ohmmeter for a voltage of 500 V.



	
	
	
	2. The condition of support tension bolt insulation bushings shall be checked by visual examinations.


	All types


	Line-to-line rods of disconnecting links and grounding electrodes


	The rods must have insulating inserts or other elements preventing appearance of a short-circuited contour.


	Visual examination




4. Visual examination and check of a current distributor artificial cooling device.

To be carried out according to the manufacturer’s instruction.

1.8.27. Collecting and connecting buses

Buses shall be tested to the following scope:

for voltage up to 1 kV – as per clauses 1, 3-5;

for voltage higher than 1 kV – as per clauses 2-6.

1. Measurement of suspended and supporting porcelain insulator insulation resistance.
To be carried out with a megaohmmeter for a voltage of 2.5 kV only at positive ambient air temperature.
The resistance of each insulator or each element of a multielement insulator must be not less than 300 MΩ.
2. Insulation test with industrial frequency overvoltage

Test of insulation shall be carried out according to table 1.8.24. 
Test duration shall be 1 min.

3. Check of bolted contact joint quality

Selective inspection of contact tightness quality and unbolting shall be carried out for 2-3% of joints. Measurement of transient resistance of contact joints should be carried out selectively for 2-3% of joints. It is recommended to check all contact joints for current higher than 1,000 A.

Drop of voltage or resistance at the section of a bus (0.7-0.8 m) at the place of a contact joint must not exceed drop of voltage or resistance of the section of the bus of the same length by more than 1.2 time.

4. Check of compressed contact joint quality

Compressed contact joints shall be rejected if:

a) their geometrical dimensions (length and diameter of the compressed part) do not comply with the requirements of instruction on assembling of conducting joints of this type);

b) there are cracks, traces of significant corrosion and mechanical damage on the surface of a connector or terminal; 

c) degree of curve of a compression connector exceeds 3% of its length;

d) the steel core of a compression connector is displaced relative to the symmetrical position by more than 15% of the pressed part of a wire.

Selective measurement of transient resistance of 3-5% of compression contact connectors should be carried out. Drop of voltage or resistance at the section of a joint must not exceed drop of voltage or resistance at the section of the wire of the same length by more than 1.2 times.

5. Check of contact welds

Contact welds shall be rejected if immediately after welding the following will be revealed:

a) burning of an upper layer wire or breach of weld during bending of joined wires;

b) a sinking hole at the place of welding with a depth of 1/3 of the wire diameter.

6. Test of partition insulators 
To be carried out in accordance with 1.8.34.

1.8.28. Dry current-limiting reactors

1. Measurement of winding insulation resistance relative to fastening bolts.

To be carried out with a megaohmmeter for a voltage of 2.5 kV. The insulation resistance must be 0.5 MΩ at least.
2. Test of supporting insulation of reactors with industrial frequency overvoltage

Test voltage of supporting insulation of a completely assembled reactor shall be assumed according to table 1.8.24.
The application time of normalized test voltage shall be 1 min.

Test of supporting insulation of dry reactors with industrial frequency overvoltage may be carried out together with insulators of a cubicle buses.
1.8.29. Electrofilters

1. Measurement of insulation resistance of a power-supply unit transformer winding.

380/220 V winding insulation resistance with circuits connected to the windings must be not less than 1MΩ.

High voltage winding insulation resistance must not be less than 50 MΩ at a temperature of 25 °С or must be not less than 70% of the value specified in the unit certificate.

2. Test of 380/220 V power-supply unit circuit insulation
Test of insulation shall be carried out with voltage of 2kV at 50 Hz frequency during 1 min. Elements operating at voltage of 60 V and lower must be isolated.
3. Measurement of resistance of a high-voltage cable insulation 

The resistance of insulation measured with a megaohmmeter for voltage of 2,500 V must be not less than 10 MΩ.

4. Test of high-voltage cable insulation 
Test shall be carried out with DC 75 kV voltage during 30 min.

5. Tests of transformer oil 
Rated values of oil breakdown voltage: before filling up – 40 kV, after filling up – 35 kV. The oil must not contain traces of water.
6. Check of the equipment element grounding serviceability

Check of reliability of fastening of earthing leads to the grounding electrode and the following elements of the equipment shall be carried out: precipitation electrodes, power-supply unit positive pole, electrofilter body, transformer and electrical motor bodies, switch bases, panel and control board frames, high-voltage cable enclosures, manhole hatches, insulation box doors, cable joint boxes, insulator flanges and other metal structures according to the design.

7. Check of grounding device resistance 
The grounding electrode resistance must not exceed 4 Ω, and the earthing lead resistance (between the grounding contour and part of the equipment to be grounded) – 0.1 Ω.
8. Measurement of volt-ampere characteristics 
Volt-ampere characteristics of an electrofilter (dependence of field corona currents on applied voltage) shall be measured in air and smoke fumes according to instructions of table 1.8.26.
Table 1.8.26

Instructions for electrofilter characteristic measurement
	Test item

	Procedure of measurement of volt-ampere characteristics


	Requirements for test results


	1. Each field in the air


	The volt-ampere characteristic shall be measured during smooth increase of voltage with intervals of current load change of 5-10% of nominal value to  prebreakdown level. It shall be measured with the electrode shaking mechanism and smoke exhausters switched on for continuous operation

	Breakdown voltage on electrodes must be not less than 40 kV at rated corona current during 15 min.



	2. All electrofilter fields in the air


	Idem


	Characteristics measured at the beginning and end of 24-hour test must not differentiate one from the other by more than 10%.


	3. All electrofilter fields in smoke fumes

	The volt-ampere characteristic shall be measured during smooth increase of voltage to  prebreakdown level (ascending branch) with intervals of current load change of 5-10% of nominal value and during smooth decrease of voltage (descending branch) with the same intervals of current load. It shall be measured at rated steam load of the boiler and with the electrode shaking mechanism switched on for continuous operation.


	Characteristics measured at the beginning and end of 72-hour test must not differentiate one from the other by more than 10%.




1.8.30. Capacitors

Capacitors for increase of power factor with voltage less than 1 kV shall be tested as per clauses 1, 4, 5; capacitors for increase of power factor with voltage of 1 kV und higher shall be tested as per clauses 1, 2, 4, 5, coupling capacitors, capacitors of power takeoff and dividing capacitors shall be tested as per clauses 1-4; capacitors for overvoltage protection and capacitors of longitudinal compensation shall be tested as per clauses 1, 2 , 4, 5.

1. Measurement of insulation resistance

To be carried out with a megaohmmeter for a voltage of 2.5 kV. Insulation resistance between leads and relative to the capacitor body.
2. Measurement of capacity
To be carried out at a temperature of 15-35 °С. The measured capacity must correspond to the rated values with measurement error and tolerances presented in table 1.8.27 taken into account. 

Table 1.8.27
Permissible change of capacitor capacity

	Designation

	Permissible change of a capacitor measured capacity with regard to the rated value, %


	Coupling capacitors, capacitors of power takeoff and  dividing capacitors

	±5



	Capacitors for increase of power factor and capacitors used for overvoltage protection

	±5



	Capacitors of longitudinal compensation

	+5

-10




3. Measurement of dielectric loss tangent

Measurement shall be carried out on coupling capacitors, capacitors of power takeoff and voltage divisor capacitors.
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must not exceed 0.3% (at a temperature of 20 °С).

4. Test with overvoltage
Insulation relative to the body with short-circuited leads of a capacitor shall be tested.

The value and duration of test voltage application shall be subject to manufacturer’s instructions.
Test voltages of industrial frequency for different capacitors are presented below:

	Capacitors for increase of power factor with rated voltage, kV

	Test voltage, kV


	0.22


	2.1



	0.38


	2.1



	0.5


	2.1



	1.05


	4.3



	3.15


	15.8



	6.3


	22.3



	10.5


	30.0



	Capacitors for overvoltage protection of the type

	

	СММ-20/3-0.107

	22.5



	КМ2-10.5-24

	22.5-25.0




Tests with industrial frequency voltage may be replaced by one-minute test with rectified voltage exceeding the said test voltage twice as much.

5. Test of a capacitor bank by triple switching on

To be carried out by switching on for rated voltage with monitoring of currents of each phase. Currents in different phases must differentiate one from the other by 5% at most.

1.8.31. Valve-type arresters and overvoltage suppressors* 
_______________

* Tests of overvoltage suppressors not specified in this section should be carried out in accordance with the manufacturer’s instruction manual.

1. Measurement of arrester and overvoltage suppressor resistance

Measurement shall be carried out:

for arresters and overvoltage suppressors with rated voltage less than 3 kV – with a megaohmmeter for a voltage of 1,000 V.  

for arresters and overvoltage suppressors with rated voltage of 3 kV and higher – with a megaohmmeter for a voltage of 2,500 V.

The resistance of arresters РВН, РВП, РВО, CZ must be not less than 1,000 MΩ.

The resistance of elements of arresters РВС must comply with the requirements of the manufacturer’s instruction.

The resistance of elements of arresters РВМ, РВРД, РВМГ, РВМК must comply with the values presented in table 1.8.28.

The resistance of overvoltage suppressors with rated voltage of 110 kV and higher must be not less than 3,000 MΩ and it must not differentiate from the data specified in the certificate by more than ±30%.

The insulation resistance of arrester insulating base with trip recorders shall be measured with a megaohmmeter for a voltage of 2,500 V. The value of the measured insulation resistance must be not less than 1 MΩ.
The resistance of overvoltage suppressors with rated voltage up to 3 kV must be not less than 1,000 MΩ.

Values of valve-type arrester resistance

	Arrester or element type 

	Resistance, MΩ


	
	not less

	not more


	РВМ-3

	15


	40



	РВМ-6

	100


	250



	РВМ-10

	170


	450



	РВМ-15

	600


	2,000



	РВМ-20

	1,000


	10,000



	РВМГ arrester element


	
	

	110М

	400


	2,500



	150М

	400


	2,500



	220М

	400


	2,500



	330М

	400


	2,500



	400


	400


	2,500



	500


	400


	2,500



	РВМК-330, 500 arrester main element


	150


	500



	РВМК-330,500 arrester valve-type element 


	0.010


	0.035



	РВМК-330, 500 arrester spark element


	600


	1,000



	РВМК-750М arrester element


	1,300


	7,000



	РВМК-1150 arrester element (at a temperature of not less than 10 °С at dry weather)


	2,000


	8,000




The resistance of overvoltage suppressors with rated voltage of 3-35 kV must comply with the requirements of the manufacturers’ instructions.
The resistance of overvoltage suppressors with rated voltage of 110 kV and higher must be not less than 3,000 MΩ and it must not differentiate from the data specified in the certificate by more than ±30%.

2. Measurement of conduction current of valve-type arresters at rectified voltage

Measurement shall be carried out for arresters with electrical diverters. If the manufacturers’ instructions are not available, conduction currents must comply with values presented in table 1.8.29.
Table 1.8.29

Permissible conduction currents of valve-type arresters at rectified voltage
	Arrester or element type 

	Test rectified voltage, kV

	Conduction current at arrester temperature of 20 °С, μА


	
	
	not less


	not more



	РВС-15

	16


	200


	340



	РВС-20

	20


	200


	340



	РВС-33

	32


	450


	620



	РВС-35

	32


	200


	340



	РВМ-3

	4


	380


	450



	РВМ-6

	6


	120


	220



	РВМ-10

	10


	200


	280



	РВМ-15

	18


	500


	700



	РВМ-20

	28


	500


	700



	РВЭ-25М

	28


	400


	650



	РВМЭ-25

	32


	450


	600



	РВРД-3

	3


	30


	85



	РБРД-6

	6


	30


	85



	РВРД-10

	10


	30


	85



	РВМГ-110 М, 150 М, 220 М, 330 М, 400, 500 arrester element

	30


	1,000


	1,350



	РВМК-330, 500 arrester main element


	18


	1,000


	1,350



	РВМК-330, 500 arrester spark element


	28


	900


	1,300



	РВМК-750 М arrester element

	64


	220


	330



	РВМК-1150 arrester element

	64


	180


	320




Note. To bring conduction currents of arresters to a temperature of +20 °С, one should use an allowance equal to 3% for every 10 degrees of deviation (at a temperature of higher than 20 °С the allowance shall be negative).
3. Measurement of overvoltage suppressor conduction current
Measurement of overvoltage suppressor conduction current shall be carried out:

- for suppressors of voltage class of 3-110 kV when applying the longest permissible phase voltage;

- for suppressors of voltage class of 150, 220, 330, 500 kV at voltage of 100 kV with 50 Hz frequency.

The limit values of overvoltage suppressor conduction currents must correspond to the manufacturer’s instruction.
4. Check of elements included in the set of the device for measurement of overvoltage suppressor conduction current at working voltage

Check of electric strength of an insulated lead shall be carried out for suppressors ОПН-0330 and 500 kV prior to commissioning.

Check shall be carried out during smooth increase of voltage with 50 Hz frequency up to 10 kV without hold time.

Check of electric strength of an insulator ОФР-10-750 shall be carried out with voltage of 24 kV of 50 Hz frequency during 1 min.

Measurement of a protective resistor conduction current shall be carried out at voltage of 0.75 kV of 50 Hz frequency. The value of current must be within the limits of 1.8-4.0 mA.
1.8.32. Tubular arresters 
1. Check of arrester surface condition

To be carried out by visual examination prior to installation of the arrester on the support. The arrester external surface must not have cracks and separations.
2. Measurement of the external discharge gap

To be carried out on the support for the arrester installation. The discharge gap must not differ from the specifications.
3. Check of exhaust zone location.

To be carried out after installation of arresters. The exhaust zones must not intersect and cover elements of structures and wires having the voltage potential different from the voltage potential of the arrester open end. 
1.8.33. Fuses, fuse disconnectors with voltage higher than 1 kV

1. Test of supporting insulation of fuses with industrial frequency overvoltage

Test voltage shall be determined according to table 1.8.24.

The application time of normalized test voltage shall be 1 min. Test of supporting insulation of fuses with industrial frequency overvoltage may be carried out together with test of cubicle bus insulators.
2. Check of integrity of fuse links and current-limiting resistors

To be checked:

with a resistance meter - integrity of a fuse link; 

visually - availability of marking on the socket and conformity of current to design data.

3. Measurement of DC resistance of the live part of the fuse disconnector socket

The measured resistance value must correspond to the value specified by the manufacturer.

4. Measurement of contact pressure in plug contacts of a fuse disconnector
The measured contact pressure value must correspond to the values specified by the manufacturer.

5. Check of condition of a fuse disconnector socket arc-control part 
The internal diameter of the socket arc-control part shall be measured.

6. Check of fuse disconnector operation

Five cycles of closing and opening of the fuse disconnector shall be carried out. Performance of each operation must be successful from the first attempt.
1.8.34. Inputs and partition insulators

1. Measurement of insulation resistance

To be carried out with a megaohmmeter for a voltage of 2.5 kV at paper-oil insulation inputs. Resistance of measuring and upper coverings of inputs relative to the connecting bushing shall be measured. The insulation resistance must be 1,000 MΩ at least.
2. Measurement of insulation[image: image75.png]tg 8



and capacity

Measurement of insulation[image: image76.png]tg 8



and capacity shall be carried out:

- of the main insulation of inputs at 10 kV voltage;

- of insulation of the measuring capacitor PIN (C2) and/or last layers of insulation (C3) at a voltage of 5 kV.

Limit values of [image: image77.png]tg 8



are given in table 1.8.30.

Table 1.8.30

Limit values [image: image78.png]tg 8




	Type and zone of input insulation


	Limit values of [image: image79.png]tg 8



, %, for inputs of rated voltage, kV



	
	35


	110-150


	220


	330-750



	Input paper-oil insulation: main insulation (C1) and insulation of the capacitor PIN (C2); last layers of insulation (C2)
;
	-


	0.7


	0.6


	0.6 



	
	-
	1.2 
	1.0


	0.8 

	Hard insulation of input with oil filling, main insulation (C1)


	1.0


	1.0


	-


	-



	Input paper-bakelite insulation with mastic filling: main insulation (C1)

	3.0


	-


	-


	-




Limit increase of the main insulation capacity shall make up 5% relative to the one measured at the manufacturer’s plant.
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 brought to a temperature of 20 °С shall be rated. Normalizing shall be carried out in accordance with the input operation instruction.

3. Test with industrial frequency overvoltage

Test shall be mandatory for inputs and partition insulators for voltage up to 35 kV.

Test voltage for partition insulators and inputs tested separately or after installation in a switchgear shall be assumed according to table 1.8.31.

Table 1.8.31
Test voltage of industrial frequency for inputs and partition insulators

	
	Test voltage,



	Rated voltage, kV

	ceramic insulators tested separately

	apparatus inputs and partition insulators with the main ceramic or liquid insulation


	apparatus inputs and partition insulators with the main bakelite insulation



	3


	25


	24


	21.6



	6


	32


	32


	28.8



	10


	42


	42


	37.8



	15


	57


	55


	49.5



	20


	68


	65


	58.5



	35


	100


	95


	85.5




Test of inputs installed on power transformers should be carried out together with test of windings as per standards accepted for power transformers (see table 1.8.12).

The application time of normalized test voltage for inputs and partition insulators shall be 1 min.

An input is considered as successfully tested if during the test there was no breakdown, arc-over, leakage discharges and partial discharges in oil (for oil-filled inputs), gas escape, and after the test there was no local heating of insulation.
4. Check of input sealing quality

To be carried out for unsealed oil-filled inputs with voltage of 110 kV and higher with paper-oil insulation by building up excess pressure of oil of 0.1 MPa. Test duration shall be 30 min. No signs of oil leak shall be observed during the test. Permissible decrease of pressure during the test shall be not more than 5%.
5. Test of transformer oil from oil-filled inputs 

Filled-up oil shall be tested as specified by clauses 1-6 in table 1.8.33.

Oil in sealed inputs shall not be tested.

1.8.35. Suspended and supporting insulators
Test of supporting rod insulators with industrial frequency overvoltage is not mandatory.

Voltage test of suspended glass insulators shall not be carried out. Their condition shall be checked by visual examination.
1. Measurement of suspended and multielement insulator insulation resistance

To be carried out with a megaohmmeter for a voltage of 2.5 kV only at positive ambient air temperature. Insulators should be checked immediately prior to their installation in switchgears and on power transmission lines. Insulation resistance of each suspended porcelain insulator or each element of a rod insulator must be not less than 300 MΩ.
2. Test with industrial frequency overvoltage:

a) of supporting one-element insulators. Test voltage values for insulators to be installed indoors and outdoors are presented in table 1.8.32.
Table 1.8.32
Test voltage for supporting one-element insulators

	Test insulators


	Test voltage, kV, for rated voltage, electrical installations, kV



	
	3


	6


	10


	15


	20


	35



	Insulators tested separately


	25


	32


	42


	57


	68


	100



	Insulators installed in bus and apparatus circuits 


	24


	32


	42


	55


	65


	95




b) of supporting multielement and suspended insulators.  Newly installed rod and suspended insulators should be tested with voltage of 50 kV applied to each element of an insulator. Suspended insulators may not be tested.
The application time of normalized test voltage shall be 1 min.

1.8.36. Transformer oil

1. Oil analysis prior to its filling into equipment

Each batch of fresh transformer oil supplied by a manufacturer prior to filling into equipment shall be subject to single tests as specified in table 1.8.33. The values of results obtained during tests must be not worse than those presented in the table.
Table 1.8.33

Rated values of qualitative indicators for transformer oil

	Qualitative indicator of oil and the number of a standard for test method 


	Fresh dry oil prior to its filling into equipment


	Oil immediately after filling into equipment



	1. Breakdown voltage as per GOST 6581-75, (kV), not less, electric equipment:


	
	

	up to 15 kV inclusive


	30


	25



	up to 35 kV inclusive


	35


	30



	from 60 kV to 150 kV


	60


	55



	from 220 kV to 500 kV


	65


	60



	2. Acid number GOST 5985-79 mg KOH/g, at most, electric equipment:


	
	

	up to 220 kV


	0.02


	0.02



	more than 220 kV


	0.01


	0.01



	3. Flash-point in closed crucible as per GOST 6356-75, °С, at least


	135


	135



	4. Moisture content as per GOST 7822-75, weight % (g/t) not more GOST 1547-84 with quality


	0.001% (10 g/t)


	0.001% (10 g/t)



	a)  transformers with film or nitrogen protection, sealed oil-filled inputs and measuring transformers


	0.001 (10)


	0.001 (10)



	b) power and measuring transformers without special protection of oil, unsealed inputs 


	0.002% (20)


	0.0025% (25)



	c) electric equipment if there are no manufacturers’ requirements to quantitative determination of this indicator


	not available


	not available



	5. Content of mechanical impurities as per GOST 6370-83 and RTM 17216-71, electric equipment


	
	

	up to 220 kV inclusive 
	not available


	not available 

	more than 220 kV, % at most  
	0.0008


	0.0008



	6. Dielectric loss tangent, GOST 6581-75, %, at most, at 90 °C 

	1.7


	2.0



	7. Water-dilutable acids and alkalies as per GOST 6307-75


	not available


	not available



	8. Content of antiacid additive as per RD 34.43.105-89


	0.2


	0.18



	9. Congelation point as per GOST 20287-91 

	
	

	°С, not higher 
	-45 


	-



	arctic oil 
	-60


	

	10. Gas content, % of volume, at most, as per RD 34.43.107-95


	0.5


	1.0



	11. Oxidation stability as per GOST 981-75 for power and measuring transformers from 110 to 220 kV

	
	

	a) sediment content, % of weight, at most 


	0.01


	

	b) acid number of oxydized oil, mg KOH/g of oil, at most


	0.1


	


2. Oil analysis prior to equipment switching on 
Oil taken from the equipment prior to its switching on under voltage after installation shall be subject to shortened analysis to the extent specified in appropriate paragraphs of the present chapter and manufacturers’ instructions.

1.8.37. Electrical devices, secondary circuits and wiring with voltage up to 1 kV

Electrical devices and secondary circuits of protection, control, signaling and measurement contours shall be tested to the extent specified by present paragraph. Wiring with voltage up to 1 kV from distributing points to electrical appliances shall be tested as per clause 1.
1. Measurement of insulation resistance 
Insulation resistance must be not less than the values given in table 1.8.34.

Table 1.8.34
Permissible values of insulation resistance

	Test element


	Voltage, megaohmmeter, B


	The minimum permissible value of insulation resistance, MΩ



	1. DC buses on control panels and in switchgears (with isolated circuits)


	500-1,000


	10



	2. Secondary circuits of each connection and power circuits of breaker and disconnecting link drives 1)

	500-1,000


	1



	3. Control, protection, automatics and measurement  contours as well as excitation circuits of DC machines connected to power circuits

	500-1,000


	1



	4. Secondary circuits and elements when supplying power from a separate power supply or through an isolating transformer rated for working voltage of 60 V and less 2)

	500


	0.5



	5. Wiring including lighting mains

	1,000


	0.5



	6. Switchgears 4), boards and current distributors (busbars)


	500-1,000


	0.5




_______________
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 Measurement shall be carried out with all connected devices (drive coils, contactors, starters, circuit breakers, relays, instruments, current and voltage transformer secondary windings etc.).
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 Measures must be taken to prevent damage to devices, especially microelectronic and semiconductor elements.
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* Insulation resistance shall be measured between every wire and the earth as well as between every two wires.

________________

* The footnote 3) is not present in the table. - Note CODE.
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 Insulation resistance shall be measured for every section of a switchgear.

2. Test with industrial frequency overvoltage

 Test voltage for secondary circuits of protection, control, signaling and measurement contours with all connected devices (circuit breakers, magnetic starters, contactors, relays, instruments etc.) of 1 kV. The application time of normalized test voltage shall be 1 min.
3. Check of circuit breaker operation

3.1. Check of insulation resistance. To be carried out for breakers for rated current of 400 A and more. The value of insulation resistance shall be 1 MΩ at least.
3.2. Check of releaser operation. An instantaneous releaser operation shall be checked. A breaker must operate at a current of not more than 1.1 of the breaker operative current upper value specified by the manufacturer.
In electrical installations meeting the requirements of section 6, chapters 7.1 and 7.2, there shall be checked main and section switches, emergency lighting, fire signaling and fire fighting circuit switches as well as at least 2% of breakers of distribution and group mains.

In other electrical installations, there shall be tested all input and section switches, emergency lighting, fire signaling and fire fighting circuit switches as well as at least 1% of the rest of breakers.
Check shall be carried out in accordance with the manufacturer’s instructions. If switches not meeting the specified requirements are found, the double number of switches shall be checked.
4. Check of operation of circuit breakers and contactors at low and rated voltage of operative current

The values of operative voltage and number of operations during the test of circuit breakers and contactors by multiple closing and opening are given in table 1.8.35.

Table 1.8.35

Test of contactors and circuit breakers by multiple closing and opening
	Operation


	Operative current voltage, % of rated 

	Number of operations



	Closing


	90


	5



	Opening


	80


	5




5. Breaking protection devices, differential current breakers shall be checked in accordance with the manufacturer’s instructions.
6. Check of relay equipment. Check of protection, control, automatics and signaling relays and other devices shall be carried out in accordance with applicable instructions. Limits of relay operation at working settings must correspond to design values.
7. Check of correct operation of completely assembled contours at different values of operative current

All contour elements must operate reliably in the sequence provided by the design at operative current values presented in table 1.8.36.

Table 1.8.36
Operative current voltage at which normal operation of contours must be ensured
	Test item


	Operative current voltage, % of rated 

	Note



	Protection and signaling contours in installations with voltage higher than 1 kV 


	80, 100


	-



	Control contours in installations with voltage higher than 1 kV:  test for closing

	90, 100


	-



	the same, but for opening


	80, 100


	

	Relay and contactor contours in installations with voltage up to 1 kV 


	90, 100


	For simple contours “button - magnetic starters” check of operation at low voltage shall not be carried out.


	Noncontact contours on logical elements


	85, 100, 110


	Voltage change shall be carried out at a power unit input.




1.8.38. Batteries
1. Measurement of insulation resistance

Measurement shall be carried out with a voltmeter (exact internal resistance of the voltmeter must be known, class not less than 1).

Battery voltage must be measured on terminals and between each terminal and the earth when all load is removed.

Insulation resistance [image: image85.png]


 shall be calculated by the formula
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,

where [image: image87.png]


 is the voltmeter internal resistance, [image: image88.png]


 is voltage on the battery terminals, [image: image89.png]


 and [image: image90.png]


 is voltage between the positive terminal and the earth and the negative terminal and the earth.

The battery insulation resistance must be not less than that given below:

	Rated voltage, V 

	24


	48


	110


	220



	Resistance, kΩ 

	60


	60


	60


	150 


2. Check of capacity of a molded battery

Completely charged batteries shall be discharged by 3- or 10-hour mode current.

The capacity of a battery brought to a temperature of +25 °С must correspond to the manufacturer’s data.
3. Electrolyte check

Electrolyte density of each element at the end of charging and discharging of a battery must correspond to the manufacturer’s data. Electrolyte temperature during charging must not exceed +40 °С.
4. Electrolyte chemical analysis

Electrolyte to be filled in acid batteries must be prepared of battery sulphuric acid of grade A as per GOST 667-73 and distilled water as per GOST 6709-72.

The content of impurities and non-volatile residues in diluted electrolyte must not exceed the values presented in table 1.8.37.

Table 1.8.37

Standards for characteristics of sulphuric acid and electrolyte for batteries

	Indicator


	Standards for sulphuric acid


	Standards for electrolyte



	
	Best quality


	Dissolved fresh acid to be filled into batteries


	Electrolyte from an operational battery



	1. Appearance


	Transparent


	Transparent



	2. Coloring power (to be determined by the color dilution method), ml


	0.6


	0.6


	1



	3. Density at a temperature of 20 °С, g/cm3

	1.83[image: image91.png]


1.84


	1.18±0.005


	1.2[image: image92.png]


1.21



	4. Iron content, %, at most

	0.005


	0.006


	0.008



	5. Non-volatile residues content after burning, %, at most


	0.02


	0.03


	-



	6. Nitrogen oxide content, %, at most


	0.00003


	0.00005


	-



	7. Arsenic content, %, at most


	0.00005


	0.00005


	-



	8. Chlorinates content, %, at most

	0.0002


	0.0003


	0.0005



	9. Manganese content, %, at most


	0.00005


	0.00005


	-



	10. Copper content, %, at most

	0.0005


	0.0005


	-



	11. Content of substances restoring potassium hypermanganate, ml 0.01H of solution КМnО4, at most


	4.5


	-


	-



	12. Content of sum of heavy metals in terms of lead, %, at most


	0.01


	-


	-




Note. For distilled water availability of the impurities that are allowed for battery acid as per GOST 667-73 is admissible, but their concentration must be 10 times less.
5. Measurement of voltage on elements

Voltage of lagging elements at the end of discharging must not differentiate by more then 1-1.5% from average voltage of the rest of elements, and the number of lagging elements must not exceed 5% of their total number in the battery. The value of voltage at the end of discharge must correspond to the manufacturer’s data.
1.8.39. Grounding devices

1. Check of a grounding device elements

Check should be carried out by visual examination of a grounding device elements accessible to visual examination. Sections and conductivity of a grounding device elements including the main ground bar must comply with the requirements of the present Code and design data.

2. Check of the circuit between grounding electrodes and grounded elements.

Sections, integrity and strength of conductors and their connections should be checked. Earthing leads connecting devices with grounding electrodes must have no breaks and visible damage. Weld reliability shall be checked by a hammer blow.
3. Check of condition of film cutouts in electrical installations up to 1 kV

Film cutouts must be serviceable and conform to an electrical installation rated voltage.

4. Check of the circuit “phase-zero” in electrical installations up to 12 kV with the system TN.

Check shall be carried out by one of the following methods:

- by direct measurement of the current of one-phase short-circuit to the body or neutral protective conductor;

- by measurement of the total resistance of the circuit “phase-neutral protective conductor” with subsequent calculation of one-phase short-circuit current.

The ratio of current of one-phase ground short circuit relative of rated current of a fuse or circuit breaker releaser must be not less than the value presented in chapter 3.1 of the Electrical Installation Code.

5. Measurement of grounding device resistance

The value of resistance of grounding devices with connected natural grounding electrodes must comply with the values presented in appropriate chapters of the present Code and table 1.8.38.

Table 1.8.38
Maximum permissible values of grounding device resistance

	Electrical installations type


	Electrical installations characteristic


	Resistance, Ω 


	
	Electrical installations of mains with a dead-earth grounded and effectively grounded neutrals


	0.5 

	1. Substations and distribution points with voltage higher than 1 kV 

	Electrical installations of mains with an insulated neutral, with a neutral grounded through a ground-fault neutralizer or resistor.
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*

	2. Overhead power transmission lines with voltage higher than 1 kV 
	Grounding devices of high-voltage line supports (see also 2.5.129-2.5.131)

	

	
	at soil resistivity, [image: image94.png]


,  Ω·m:


	10 

	
	- up to 100 

	15 

	
	- more than 100 up to 500

	20 

	
	- more than 500 up to 1,000
	30 

	
	- more than 1,000 up to 5,000
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	- more than 5,000


	

	
	Grounding devices of high-voltage line supports with arresters at accesses to switchgears with rotating machines

	see chapter 4.2

	3. Electrical installations with voltage up to 1 kV 


	Electrical installations with power supplies in mains with a dead-earth grounded neutral (or middle point) of the power supply (system TN):


	

	
	- in close vicinity to the neutral


	15/30/60**



	
	- with natural grounding electrodes and second grounding electrodes of outgoing lines


	2/4/8**



	
	Electrical installations in mains with an insulated neutral (or middle point) of the power supply (system IT)


	50/[image: image97.png]


*** more than 4 Ω is not required



	4. Overhead power transmission lines with voltage up to 1 kV


	Grounding devices of high-voltage lines with second grounding electrodes of PEN (РЕ) - conductor


	30




_______________
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* - rated ground short circuit current,

** -  with linear voltages 660, 280, 220 V, respectively;
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 *** - total ground short circuit current.

6. Measurement of touch voltage (in electrical installations arranged according to standards of touch voltage).

Measurement of touch voltage shall be carried with connected natural grounding electrodes.

Touch voltage shall be measured at check points for which these values were determined by calculations during designing (see also 1.7.91).

1.8.40. Power cable lines

Power cable lines with voltage up to 1 kV shall be tested as per clauses 1, 2, 7 ,13; with voltage higher than 1 kV and up to 35 kV – as per clauses 1-3, 6, 7, 11, 13, with voltage 110 kV and higher – in full as specified by this paragraph.

1. Check of integrity and phasing of cable cores. Integrity and coincidence of phase marking of connected cable cores shall be checked.

2. Measurement of insulation resistance. To be carried out with a megaohmmeter for a voltage of 2.5 kV. For power cables up to 1 kV, insulation resistance must be 0.5 MΩ at least. For power cables with voltage higher than 1 kV, insulation resistance shall not be rated. Measurement should be carried out before and after overvoltage testing of a cable.
3. Test with rectified current overvoltage

Test voltage shall be assumed in accordance with table 1.8.39.

Table 1.8.39

Rectified current test voltage for power cables
	Cables with  paper insulation for voltage, kV



	2


	3


	6


	10


	20


	35


	110


	150


	220


	330


	500



	12


	18


	36


	60


	100


	175


	285


	347


	510


	670


	865



	Cables with plastic insulation for voltage, kV


	Cables with rubber insulation for voltage, kV



	1*


	3


	6


	10


	110


	3


	6


	10



	5.0


	15


	36


	60


	285


	6


	12


	20




________________

* Tests with rectified voltage of overhead one-core cables with plastic insulation without armor (screens) shall not be carried out. 

For cables with voltage up 35 kV with paper and plastic insulation the time of application of total test voltage shall make up 10 min.

For cables with rubber insulation with voltage of 3-10 kV the time of application of total test voltage shall make up 5 min. Cables with rubber insulation with voltage up to 1 kV shall not be subject to overvoltage test.
For cables with voltage of 110-500 kV the time of application of total test voltage shall make up 15 min.

Permissible loss currents depending on test voltage and permissible values of asymmetry coefficient during measurement of loss current are presented in table 1.8.40. The absolute value of loss current shall not be considered as a rejection indicator. Cable lines with satisfactory insulation must have stable values of loss currents. During test loss current must reduce. If the loss current value does not reduce, and also it increases or the current is not stable, the test shall be carried out until detection of a defect, but for not more than 15 min. 
Table 1.8.40
Loss currents and asymmetry coefficients for power cables
	Cables with voltage, kV

	Test voltage, kV

	Permissible values of loss currents, mA


	Permissible values of asymmetry coefficients ([image: image100.png]11,



)



	6


	36


	0.2


	8



	10


	60


	0.5


	8



	20


	100


	1.5


	10



	35


	175


	2.5


	10



	110


	285


	Not rated


	Not rated



	150


	347


	Idem


	Idem



	220


	610


	"


	"



	330


	670


	"


	"



	500


	865


	"


	"




During mixed laying of cables the smallest of test voltages as per table 1.8.39 shall be used as a test voltage for all the length of a cable line. 

4. Test with 50 Hz frequency AC voltage

This test is allowed for cable lines with voltage of 110-500 kV instead of rectified voltage test.

Test shall be carried out with voltage (1.00-1.73) Urated. Test may be carried out by applying to the cable rated voltage Urated. Test duration shall be according to the manufacturer’s instruction.
5. Determination of core active resistance. To be carried our for lines with voltage of 20 kV and higher. Active resistance of the cable line cores to direct current, brought to 1 mm2 section, 1 m length and a temperature of +20 °С must be not more than 0.0179 Ω for a copper core and not more than 0.0294 Ω for an aluminum core. The measured resistance (brought to a specific value) may be different from the said values by not more than 5%.
6. Determination of core electrical working capacity 
To be carried our for lines with voltage of 20 kV and higher. The measured capacity must not differentiate from results of factory tests by more than 5%.
7. Check of stray-current protection 
Check of operation of installed cathodic protections shall be carried out.

8. Test for availability of nondissolved air (impregnation test)

To be carried out for oil-filled cable lines of 110-500 kV. Content of nondissolved air in oil must not exceed 0.1%.
9. Test of feed units and automatic heating of potheads

To be carried out for oil-filled cable lines of 110-500 kV.

10. Check of anticorrosion protection

During commissioning and operation of cable lines operation of anticorrosion protection shall be checked for:

- cables with metal sheath, laid in soils with middle and low corrosive activity (soil resistivity higher than 20 Ω/m) at average daily density of current leaking to ground higher than 0.15 mA/dm2;
- cables with metal sheath, laid in soils with high corrosive activity (soil resistivity less than 20 Ω/m) at any average daily density of current leaking to ground;

- cables with unprotected sheath and destroyed armor and protective layers;

- steel pipeline of high pressure cables regardless of soil aggressivity and types of insulating coatings.

During check voltage potentials and currents in cable sheathes and electrical protection parameters shall be measured (current and voltage of a cathodic station, drainage current) in accordance with guidelines for electrochemical protection from corrosion of underground energy facilities.

Evaluation of corrosion activity of soil and natural water should be carried out in accordance with requirements of GOST 9.602-89.

11. Determination of characteristics of oil and insulating liquid

Determination shall be carried out for all elements of oil-filled cable lines for voltage of 110-500 kV and for potheads (inputs of transformers and switchgears and control gears with bexafluorated sulfur) of cables with plastic insulation for voltage of 110 V. 
Samples of oil of the grades С-220, МН-3 and МН-4 and insulating liquid of the grade ПМС must be in accordance with requirements of tables 1.8.41 and 1.8.42.

Table 1.8.41

Standards for quality indicators of oil of the grades С-220, МН-3 and МН-4 and insulating 
liquid of the grade ПМС
	Oil quality indicator

	For newly commissioned train



	
	С-220, 5РА

	МН-3, МН-4

	ПМС


	Breakdown voltage in a standard vessel, kV, at least


	45


	45


	35



	Degasing level (dissolved gas), at most


	0.5


	0.1


	-




Note. Oils not presented in table 1.8.39 shall be tested in accordance with requirements of the manufacturer.
Table 1.8.42

Dielectric loss tangent for oil and insulating liquid (at 100, %, at most, for cables with voltage, kV)
	110


	150-220


	330-500



	0.5/0.8*


	0.5/0.8*


	0.5/-




________________

* The numerator presents values for oils of the grade С-220, the denominator – for МН-3, МН-4 and ПМС

In the values of electric strength and degasing level of the oil МН-4 corresponds to the standards, and the values of [image: image101.png]tg 8



 measured according to GOST 6581-75 exceed the values presented in table 1.8.42, an oil sample shall be additionally kept at a temperature of 100 °С  during 2 hours with regular measurements of [image: image102.png]tg 8



. If the value [image: image103.png]tg 8



 reduces, an oil sample shall be kept at a temperature of 100 °С until obtaining the set value which shall be assumed as a reference value.
12. Measurement of grounding resistance

To be carried out on the lines of all voltages for sealing ends, and on the lines of 110-500 kV, in addition, for metal structures of cable pits and feed points.

 1.8.41. Overhead power transmission lines with voltage higher than 1 kV

1. Check of insulators

To be carried out by visual examination

2. Check of wire joints

To be carried out according to 1.8.27.

3. Measurement of resistance of grounding of supports, their guys and ropes

4. To be carried out in accordance with 1.8.39 and provisions of chapter 2.4.

Chapter 1.9

ELECTRICAL INSTALLATION INSULATION

	APPROVED BY
Ministry of Energy

of the Russian Federation

Order dated July 8, 2002 No 204


Effective
as of January 1, 2003

Scope. Definitions
1.9.1. The present chapter shall cover the selection of insulation for AC electrical installations with rated voltage of 6-750 kV. 

1.9.2. A leakage path length of insulation (insulator) or a composite insulating structure (L) is a distance on the surface of an insulating part between metal parts of different voltage potentials. 
1.9.3. An effective leakage path length is a part of leakage path length determining electric strength of an insulator or insulating structure in conditions of pollution and humidity.
A specific effective leakage path length ((e) is a ratio of the effective leakage path length to the maximum working line-to-line voltage of the main an electrical installation operates in.
1.9.4. A leakage path length usage factor (k) is a correction factor taking into account the efficiency of usage of leakage path length of an insulator or insulating structure.
1.9.5. A pollution level is an indicator taking into account the impact of atmosphere pollution on reduction of an electrical installation insulation electric strength.

1.9.6. A pollution level map is a geographic map with division of the territory as per pollution levels.

General requirements
1.9.7. Selection of insulators and insulating structures of glass and porcelain must be carried out as per specific effective leakage path length depending on pollution level at the place of location of an electrical installation and its rated voltage. Selection of insulators and insulating structures of glass and porcelain may be also carried out as per discharge characteristics in polluted and humid conditions.

Selection of polymeric insulators or structures depending on pollution level and rated voltage of an electrical installation must be carried out as per discharge characteristics in polluted and humid conditions.

1.9.8. Determination of pollution level must be carried out depending on characteristics of pollution sources and the distance between them and an electrical installation (tables 1.9.3-1.9.18). When it is not possible to use tables 1.9.3-1.9.18 for any reason, determination of pollution levels should be carried out as per a pollution level map.
Near industrial complexes as well as in the areas of combined pollution from large industrial enterprises, thermal plants and humidification sources with high electric conductivity, determination of pollution levels must, as a rule, be carried out as per a pollution level map.
1.9.9. The leakage path length L (cm) of insulators and insulating structures of glass and porcelain must be determined by the formula

L = (e ( U ( k,

where (e is specific effective leakage path length as per table 1.9.1, cm/kV;
U is maximum working line-to-line voltage, kV (as per GOST 721);

k is leakage path length usage factor (1.9.44-1.9.53).
High-voltage line insulation
1.9.10. Specific effective leakage path length of suspension strings of insulators and rod insulators of high-voltage lines on metal and reinforced concrete supports depending on pollution level and rated voltage (at a height of 1,000 m above sea level) must be assumed as per table 1.9.1.
Table 1.9.1
Specific effective leakage path length of suspension strings of insulators and rod insulators of high-voltage lines on metal and reinforced concrete supports, external insulation of electric equipment and insulators of outdoor switchgears
	Pollution
	(e, cm/kV (at least), at rated voltage, kV

	level
	up to 35 inclusive
	110-750

	1
	1.90
	1.60

	2
	2.35
	2.00

	3
	3.00
	2.50

	4
	3.50
	3.10


Specific effective leakage path length of suspension strings and rod insulators of high-voltage lines at a height of more than 1,000 m above sea level must be increased by comparison of a normalized length in table  1.9.1:
from 1,000 to 2,000 m - by 5 %;
from 2,000 to 3,000 m - by 10 %;
from 3,000 to 4,000 m - by 15 %.
1.9.11. Overhead isolating distances between live and grounded parts of supports must corresponds to the requirements of chapter 2.5.
1.9.12. The number of suspended cap insulators in suspension strings and series circuits of strings of special design (V-shaped, Λ-shaped, [image: image104.png]


 - shaped, [image: image105.png]


 - shaped and others made up of insulators of the same type) for high-voltage lines on metal and reinforced concrete supports must be determined by the formula  
m=
[image: image106.wmf]i

L

L

,
where Li is the leakage path length of one insulator as per the standards or specifications for an insulator of the specific type, cm. If calculation of m does not produce an integral number, the following integral number shall be selected.
1.9.13. On high-voltage lines with voltage of 6-20 kV with metal and reinforced concrete supports the number of suspended cap insulators in suspension and tension strings must be determined as per 1.9.12 and regardless of the support material it must make up two at least.

On high-voltage lines with voltage of 35-110 kV with metal, reinforced concrete and wood supports with grounded fasteners of strings, the number of cap insulators in tension strings of all types in the areas with the 1st and 2nd pollution levels should be increased by one insulator in every string in comparison with the quantity obtained as per 1.9.12.
On high-voltage lines with voltage of 150-750 kV on metal and reinforced concrete supports, the number of cap insulators in tension strings must be determined as per 1.9.12. 
1.9.14. On high-voltage lines with voltage of 35-220 kV with wood supports in the areas with the 1st and 2nd pollution levels, the number of suspended cap insulators of glass and porcelain may be assumed by 1 less than for high-voltage lines with metal and reinforced concrete supports.
On high-voltage lines with voltage of 6-20 kV with wood supports or wood cross-beams on metal and reinforced concrete supports in the areas of 1st and 2nd pollution levels specific effective leakage path length of insulators must be not less than 1.5 cm/kV.

1.9.15. In strings of long span supports there must be used one additional glass or porcelain cap insulator for every 10 m of a support height excess above 50 m relative to the number of standard insulators determined for single-circuit strings at (e = 1.9 cm/kV for high-voltage lines with voltage of 6-35 kV and (e = 1.4 cm/kV for high-voltage lines with voltage of 110-750 kV. In this case, the number of insulators in strings of these supports must be not less than the number required as per conditions of pollution in the area of the span.
1.9.16. In strings of glass and porcelain cap insulators suspended at a height of more than 100 m, two additional insulators must be used in addition to the number specified in accordance with 1.9.12 and 1.9.15. 
1.9.17. High-voltage line insulation with insulated wires must be selected in accordance with 1.9.10-1.9.16.

External glass and porcelain insulation of electric equipment and outdoor switchgears

1.9.18. Specific effective leakage path length of external porcelain insulation of electric equipment and insulators of outdoor switchgears with voltage of 6-750 kV as well as external parts of indoor switchgear inputs depending on pollution level and rated voltage (at a height of 1,000 m above sea level) must be assumed as per table  1.9.1.
Specific effective leakage path length of external insulation of electric equipment and insulators of outdoor switchgears with voltage of 6-220 kV located at a height of more than 1,000 m must be assumed: at a height of up to 2,000 m – as per table 1.9.1, and at a height from 2,000 to 3,000 m – one pollution level higher in comparison with the standard value.
1.9.19. When selecting outdoor switchgear insulation overhead isolating distances between live parts of outdoor switchgears and grounded structures must correspond to the requirements of chapter 4.2.
1.9.20. In tension and suspension strings of outdoor switchgears the number of cap insulators should be determined as per 1.9.12-1.9.13 adding to each circuit of the string with voltage of 110-150 kV - one, 220-330 kV - two, 500 kV - three, 750 kV – four insulators.
1.9.21. If the electric equipment meeting the requirements of table 1.9.1 is not available, for areas with the 3rd and 4th pollution levels there must be used equipment, insulators and inputs for higher rated voltages with insulation in accordance with table 1.9.1.
1.9.22. In areas with pollution conditions exceeding the 4th pollution level, as a rule, indoor switchgears should be installed.

1.9.23. Outdoor switchgears with voltage of 500-750 kV, and, as a rule, outdoor switchgears with voltage of 110-330 kV with a big amount of connections must not be located in areas with the 3rd and 4th pollution levels.
1.9.24. Specific effective leakage path length of external insulation of electric equipment and insulators in indoor switchgears with voltage of 110 kV and higher must be not less than 1.2 cm/kV in areas of the 1st level of pollution and not less than 1.5 cm/kV in areas with the 2nd-4th pollution levels.

1.9.25. In areas of the 1st-3rd pollution levels external switchgear and control gears and integrated transformer substations with insulation as per table 1.9.1 must be used. In areas of the 4th pollution level it is allowed to use only outdoor switchgears and control gears and integrated transformer substations with insulators of special design.
1.9.26. Insulators of flexible and rigid external exposed current distributors must be selected with specific effective leakage path length as per table 1.9.1: (e = 1.9 cm/kV for rated voltage of 20 kV for current distributors of 10 kV in areas of the 1st-3rd pollution levels; (e = 3.0 cm/kV for rated voltage of 20 kV for current distributors of 10 kV in areas of 4th pollution level; (e = 2.0 cm/kV for rated voltage of 35 kV for current distributors of 13.8-24 kV in areas of the 1st-4th pollution levels.
Selection of insulation as per discharge characteristics
1.9.27. Strings of high-voltage lines with voltage of 6-750 kV, external insulation of electric equipment and insulators of outdoor switchgears with voltage of 6-750 kV must have 50% discharge voltage of industrial frequency in polluted and humid conditions not less than the values presented in table 1.9.2.
Per-unit-area conductivity of a pollution layer must be assumed (at least):
for the 1st pollution level – 5 μS, for the 2nd pollution level – 10 μS, for the 3rd pollution level – 20 μS, for the 4th pollution level – 30 μS.
Table 1.9.2
50% discharge voltage of strings of high-voltage lines of 6-750 kV, external insulation of electric equipment and insulators of outdoor switchgears of 6-750 kV in polluted and humid conditions
	Electrical installation rated voltage, kV
	
50% discharge voltage, kV

(effective values)

	6
	8

	10
	13

	35
	42

	110
	110

	150
	150

	220
	220

	330
	315

	500
	460

	750
	685


Determination of pollution level

1.9.28. In areas outside of the zones of influence of industrial pollution sources (forests, tundra, forest tundra, meadows) insulation with specific effective leakage path length less than that presented in 1.9.1. for the 1st pollution level may be used.
1.9.29. The areas of 1st pollution level include territories outside the zones of influence of industrial and natural pollution (bogs, high mountain areas, areas with low salinity soils, agricultural areas).

1.9.30. In industrial areas, provided justifying data are available, insulation with a greater specific effective leakage path length than that specified in table 1.9.1 for the 4th pollution level may be used.
1.9.31. Pollution level near industrial enterprises must be determined as per tables 1.9.3-1.9.12 depending on the type and rated volume of produced items and distance to a pollution source.
The rated volume of items produced by an industrial enterprise shall be determined by summing up all types of products. Pollution level in the zone of dissipation of an operating or constructed enterprise must be determined as per the greatest annual output of products with the look-ahead plan of the enterprise development taken into account (but not more than 10 years ahead).
1.9.32. Pollution level near thermal plants and industrial boiler-houses must be determined as per table 1.9.13 depending on the type of fuel, plant capacity and height of exhaust stacks.
1.9.33. When calculating distances as per table 1.9.3-1.9.13 the border of a pollution source shall be a curve enveloping all the places of release into the atmosphere at this enterprise (thermal plant).
1.9.34. If the volume of produced items and thermal plant capacity exceed values presented in tables 1.9.3-1.9.13, pollution level should be increased by one level at least.
1.9.35. If there are several pollution sources (workshops) at an enterprise the volume of produced items must be determined by summing up volumes of production of separate workshops. If a source of release of pollutant substances of separate production facilities (workshops) is located at a distance exceeding 1,000 m from other sources of release, the annual volume of products must be determined for these productions facilities and the rest of the enterprise separately. In this case the rated pollution level shall be determined according to 1.9.43.
1.9.36. If one industrial enterprise fabricates products of several industries (segments of industries) presented in tables 1.9.3-1.9.12, pollution level should be determined according to 1.9.43.
1.9.37. Borders of a zone with this pollution level should be adjusted with wind rose taken into account by the formula:
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where S is a distance from the pollution source border to the border of the area with this pollution level adjusted with wind rose taken into account, m,
S0 is a normalized distance from the pollution source border to the border of an area with this pollution level at circular wind rose, m,
W is an average annual frequency of winds of the bearing in question, %;
W0 is frequency of winds of one bearing at circular wind rose, %. 

The values S/S0 must be within the limits 0.5 ( S/S0 ( 2.
1.9.38. Pollution level near dust release material disposal sites, storage buildings and facilities, sewage treatment facilities should be determined as per table 1.9.14.
1.9.39. Pollution level near motor roads with intensive use in winter of chemical deicing agents should be determined as per table 1.9.15.
1.9.40. Pollution level in the coastal areas of seas, salt lakes and ponds must be determined as per table 1.9.16 depending on salinity of water and the distance to the coastline. Rated water salinity shall be determined as per hydrologic maps as the maximum value of salinity of surface layer of water in the area up to 10 km inward the body of water. Pollution level above the surface of salined ponds should be assumed by one level higher than the value in table 1.9.16 for an area up to 0.1 km.
1.9.41. In areas subject to in-shore winds with a velocity of more than 30 m/s (with frequency not less than once every ten years) distances from the coastlines presented in table 1.9.16 should be increases threefold.
For ponds with a surface of 1,000-10,000 m2 it is allowed to reduce pollution level by one level by comparison with data in table 1.9.16.
1.9.42. Pollution level near cooling stacks and spray ponds must be determined as per table 1.9.17 at specific conductivity of pumparound water less than 1,000 μS/cm and as per table 1.9.18 at specific conductivity from 1,000 to 3,000 μS/cm.
1.9.43. The rated pollution level in the area of combined pollution from two separate sources defined with wind rose as per 1.9.37 taken into account should be determined as per table 1.9.19 regardless of the type of industrial or natural pollution.

Table 1.9.3

Pollution levels near chemical enterprises and production facilities
	Rated volume of produced items, thousand ton/year
	Pollution levels at a distance from a source of pollution, m

	
	up to 500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 2,000
	From 2,000

to 2,500
	from 2,500

to 3,000
	from 3,000

to 5,000
	from 5,000

	Up to 10
	1
	1
	1
	1
	1
	1
	1
	1

	From 10 to 500
	2
	1
	1
	1
	1
	1
	1
	1

	From 500 to 1,500
	3
	2
	1
	1
	1
	1
	1
	1

	From 1,500 to 2,500
	3
	3
	2
	1
	1
	1
	1
	1

	From 2,500 to 3,500
	4
	3
	3
	2
	2
	1
	1
	1

	From 3,500 to 5,000
	4
	4
	3
	3
	3
	2
	2
	1


Table 1.9.4

Pollution levels near petroleum refining and petrochemical enterprises and production facilities

	Segment of industry
	Rated volume
produced

items

thousand ton/year
	Pollution levels at a distance from a source of pollution, m

	
	
	up to 500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 2,000
	from 2,000

to 3,500
	from

3,500

	Petroleum refineries
	Up to 1,000
	1
	1
	1
	1
	1
	1

	
	From 1,000 to 5,000
	2
	1
	1
	1
	1
	1

	
	From 5,000 to 9,000
	3
	2
	1
	1
	1
	1

	
	From 9,000 to 18,000
	3
	3
	2
	1
	1
	1

	Petrochemical 
plants and complexes
	Up to 5,000
	3
	2
	1
	1
	1
	1

	
	From 5,000 to 10,000
	3
	3
	2
	1
	1
	1

	
	From 10,000 to 15,000
	4
	3
	3
	2
	1
	1

	
	From 15,000 to 20,000
	4
	4
	3
	3
	2
	1

	Synthetic rubber plants
	Up to 50
	1
	1
	1
	1
	1
	1

	
	From 50 to 150
	2
	1
	1
	1
	1
	1

	
	From 150 to 500
	3
	2
	1
	1
	1
	1

	
	From 500 to 1,000
	3
	3
	2
	1
	1
	1

	Rubber technical goods plants
	Up to 100
	1
	1
	1
	1
	1
	1

	
	From 100 to 300
	2
	1
	1
	1
	1
	1


Table 1.9.5

Pollution levels near gas production and associated gas processing enterprises

	Segment of industry
	Rated volume of produced items
	Pollution levels at a distance from a source of pollution, m

	
	
	up to 500
	From 500 to 1,000
	from 1,000

	Gas production
	Irrespective of the volume
	2
	1
	1

	Associated gas processing 
	Irrespective of the volume
	3
	2
	1


Table 1.9.6

Pollution levels near pulp and paper enterprises

	Segment of industry
	Rated volume of produced items, thousand ton/year
	Pollution levels at a distance from a source of pollution, m

	
	
	up to 500
	from 500 to 1,000
	from 1,000 to 1,500
	from 1,500

	Production of pulp and semichemical pulp 
	Up to 75
	1
	1
	1
	1

	
	From 75 to 150
	2
	1
	1
	1

	
	From 150 to 500
	3
	2
	1
	1

	
	From 500 to 1,000
	4
	3
	2
	1

	Paper production
	Irrespective of the volume
	1
	1
	1
	1


Table 1.9.7

Pollution levels near iron industry enterprises and production facilities
	Segment of industry
	Rated volume of produced items, thousand ton/year
	Pollution levels at a distance from a source of pollution, m

	
	
	up to

500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 2,000
	from 2,000

to 2,500
	from

2,500

	Manufacture of cast iron and steel
	Up to 1,500
	2
	1
	1
	1
	1
	1

	
	From 1,500 to 7,500
	2
	2
	2
	1
	1
	1

	
	From 7,500 to 12,000
	3
	2
	2
	2
	1
	1

	Ore mining and processing enterprises
	Up to 2,000
	1
	1
	1
	1
	1
	1

	
	From 2,000 to 5,500
	2
	1
	1
	1
	1
	1

	
	From 5,500 to 10,000
	3
	2
	1
	1
	1
	1

	
	From 10,000 to 13,000
	3
	3
	2
	1
	1
	1

	Coke chemistry
	Up to 5,000
	2
	2
	2
	2
	2
	1

	
	From 5,000 to 12,000
	3
	2
	2
	2
	2
	1

	Ferrous-based alloys
	Up to 500
	1
	1
	1
	1
	1
	1

	
	From 500 to 700
	2
	2
	1
	1
	1
	1

	
	From 700 to 1,000
	3
	3
	2
	1
	1
	1

	Fabrication of magnesian products
	Irrespective of the volume
	3
	2
	2
	2
	1
	1

	Milling and machining of cast iron and steel 
	Irrespective of the volume
	2
	1
	1
	1
	1
	1


Table 1.9.8

Pollution levels near nonferrous metallurgy enterprises and production facilities
	Segment of industry
	Rated volume
	Pollution levels at a distance from a source of pollution, m

	
	of produced items, thousand ton/year
	up to

500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 2,000
	from 2,000

to 2,500
	from 2,500

to 3,500
	from

3,500

	Production of
aluminum
	Up to 100
	1
	1
	1
	1
	1
	1
	1

	
	From 100 to 500
	2
	2
	1
	1
	1
	1
	1

	
	From 500 to 1,000
	3
	3
	2
	2
	1
	1
	1

	
	From 1,000 to 2,000
	3
	3
	3
	2
	2
	1
	1

	Production of nickel
	From 1 to 5
	1
	1
	1
	1
	1
	1
	1

	
	From 5 to 25
	2
	2
	1
	1
	1
	1
	1

	
	From 25 to 1,000
	3
	2
	2
	1
	1
	1
	1

	Production of rare metals
	Irrespective of the volume
	4
	4
	3
	3
	2
	2
	1

	Production of zinc
	Irrespective of the volume
	3
	2
	1
	1
	1
	1
	1

	Production and processing of nonferrous metals
	Irrespective of the volume
	2
	1
	1
	1
	1
	1
	1


Table 1.9.9

Pollution levels near construction materials enterprises
	Segment of industry
	Rated volume of produced items, thousand ton/year
	Pollution levels at a distance from a source of pollution, m

	
	
	up to

250
	from 250

to 500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 2,000
	from 2,000

to 3,000
	from

3,000

	Production of cement
	Up to 100
	1
	1
	1
	1
	1
	1
	1

	
	From 100 to 500
	2
	2
	1
	1
	1
	1
	1

	
	From 500 to 1,500
	3
	3
	2
	1
	1
	1
	1

	
	From 1,500 to 2,500
	3
	3
	3
	2
	1
	1
	1

	
	From 2,500 to 3,500
	4
	4
	3
	3
	2
	1
	1

	
	From 3,500
	4
	4
	4
	3
	3
	2
	1

	Production of asbestos etc.
	Irrespective of the volume
	3
	2
	1
	1
	1
	1
	1

	Production of concrete products etc.
	Irrespective of the volume
	2
	1
	1
	1
	1
	1
	1


Table 1.9.10

Pollution levels near machine-building enterprises and production facilities

	Rated volume of produced items
	Pollution levels at a distance from a source of pollution, m

	
	up to 500
	from 500

	Irrespective of the volume
	2
	1


Table 1.9.11

Pollution levels near light industry enterprises
	Segment of industry
	Rated volume of produced items
	Pollution levels at a distance from a source of pollution, m

	
	
	to 250
	From 250 to 500
	from 500

	Textile processing
	Irrespective of the volume
	3
	2
	1

	Fabrication of imitation leather and film materials
	Irrespective of the volume
	2
	1
	1


Table 1.9.12

Pollution levels near ore and rock products mining enterprises

	Segment of industry
	Rated volume of produced items
	Pollution levels at a distance from a source of pollution, m

	
	
	to 250
	From 250 to 500
	from 500

	Iron ore etc.
	Irrespective of the volume
	2
	1
	1

	Coal*
	Irrespective of the volume
	3
	2
	1


__________

* To be applied to determination of pollution levels near mine wastes.

Table 1.9.13

Pollution levels near thermal plants and industrial boiler-houses
	Fuel type
	Capacity,
	Height of 
	Pollution levels at a distance from a source of pollution, m

	
	MW
	exhaust
stacks, m
	up to

250
	from 250

to 500
	from 500

to 1,000
	from 1,000

to 1,500
	from 1,500

to 3,000
	from 3,000

	Thermal plants and boiler-houses using coal with ash content less than 30%, fuel oil, gas
	Irrespective of the capacity
	Any
	1
	1
	1
	1
	1
	1

	Thermal plants and boiler-houses 
	Up to 1,000
	Any
	1
	1
	1
	1
	1
	1

	using coal
with ash content more than 30%
	From 1,000
	Up to 180
	2
	2
	2
	1
	1
	1

	
	to 4,000
	From 180
	2
	2
	1
	1
	1
	1

	Thermal plants and boiler-houses using slate
	Up to 500
	Any
	3
	2
	2
	2
	1
	1

	
	From 500
	Up to 180
	4
	3
	2
	2
	2
	1

	
	to 2,000
	From 180
	3
	3
	2
	2
	2
	1


Table 1.9.14

Pollution levels near dust release material disposal sites, storage buildings and facilities, sewage treatment facilities 

(ash disposal areas, salt disposal areas, cinder disposal areas, large industrial disposal sites, rubbish burning enterprises, storages and elevators of dust release materials, mineral fertilizers and toxic chemicals storages, hydraulic mines and concentrating mills, aeration plants and other sewage treatment facilities)
	Pollution levels at a distance from a source of pollution, m

	to 200
	from 200 to 600
	from 600

	3
	2
	1


Table 1.9.15

Pollution levels near motor roads with intensive use in winter of chemical deicing agents

	Pollution levels at a distance from motor roads, m

	up to 25
	from 25 to 100
	from 100

	3
	2
	1


Table 1.9.16

Pollution levels in the coastal areas of seas, salt lakes with a surface of more than 10,000 m2
	Pond type
	Rated water salinity, g/l
	Distance from coastline, km
	Pollution level

	Free-salined
	Up to 2
	Up to 0.1
	1

	Low-salined
	From 2 to 10
	Up to 0.1
	2

	
	
	From 0.1 to 1.0
	1

	Mid-salined
	From 10 to 20
	Up to 0.1
	3

	
	
	From 0.1 to 1.0
	2

	
	
	From 1.0 to 5.0
	1

	Highly-salined
	From 20 to 40
	Up to 1.0
	3

	
	
	From 1.0 to 5.0
	2

	
	
	From 5.0 to 10.0
	1


Table 1.9.17

Pollution levels near cooling stacks and spray ponds with specific conductivity of pumparound water less than 1,000 μS/cm
	Area pollution level
	Distance from cooling stacks (spray ponds), m 

	
	up to 150
	from 150

	1
	2
	1

	2
	3
	2

	3
	4
	3

	4
	4
	4


Table 1.9.18

Pollution levels near cooling stacks and spray ponds with specific conductivity of pumparound water from 1,000 to 3,000 μS/cm

	Area pollution level
	Distance from cooling stacks (spray ponds), m 

	
	up to 150
	from 150 to 600
	from 600

	1
	3
	2
	1

	2
	4
	3
	2

	3
	4
	4
	3

	4
	4
	4
	4


Table 1.9.19

Pollution levels in the area of combined pollution from two independent sources
	Pollution level from the first source
	Rated pollution level at pollution level from the second source

	
	2
	3
	4

	2
	2
	3
	4

	3
	3
	4
	4

	4
	4
	4
	4


Usage factors of the basic types of insulators and insulating structures (glass and porcelain)
1.9.44. Usage factors k of insulating structures made up insulators of the same types should be determined as

k = ki ( ks,

where ki is the insulator usage factor;
kk is the usage factor of a composite structure with parallel and series-parallel branches.
1.9.45. Usage factor ki of suspended cap insulators as per GOST 27661 with underdeveloped lower surface of the insulating part should be determined as per table 1.9.20 depending on the ratio of the insulator leakage path length Li to the diameter of its cap D.
1.9.46. Usage factor ki of suspended cap insulators as per special design with highly developed surface should be determined as per table 1.9.21.
1.9.47. Usage factor ki of rod insulators (linear, supporting) with underdeveloped surface must be assumed equal to 1.0, with highly developed surface – 1.1.

1.9.48. Usage factor ki of electric equipment external insulation of an outdoor installation made up as single insulating structures including supporting insulators of an outdoor installation for rated voltage up to 110 kV as well as suspended rod insulators for rated voltage of 110 kV should be determined as per table 1.9.22 depending on the ratio of the insulator or insulating structure leakage path length Li to the length of their insulating part h.
1.9.49. Usage factor kk of single-circuit strings and single supporting stacks made up of one-type insulators should be assumed equal to 1.0.  

1.9.50. Usage factor kk of composite structures with parallel branches (without links) made up of one-type elements (two-circuits and many-circuits supporting and tension strings and two- and many-support stacks) should be determined as per table  1.9.23.
1.9.51. Usage factors kk of Λ-shaped and V-shaped strings with one-circuit branches should be assumed equal to 1.0.
1.9.52. Usage factors kk of composite structures with series-parallel branches made up of the insulators of the same type (strings of the type [image: image108.png]


 or [image: image109.png]


, supporting stacks with different numbers of parallel lines as per height as well as substation devices with guys) should be assumed equal to 1.1. 
1.9.53. Usage factors ki of once-circuit strings and single supporting stacks made up of different type insulators with usage factors ki1 and ki2 must be determined by the formula:
k = 
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where L1 and L2 are the leakage path length of sections of a structure made up of insulators of the appropriate type. The value ki for structures of the said type with the number of different types of insulators exceeding two must be determined in a similar way.
Table 1.9.20

Usage factors ki of suspended cap insulators with underdeveloped lower surface of the insulating part 

	Li/d
	ki

	From 0.90 to 1.05 inclusive
	1.00

	From 1.05 to 1.10 inclusive
	1.05

	From 1.10 to 1.20 inclusive
	1.10

	From 1.20 to 1.30 inclusive
	1.15

	From 1.30 to 1.40 inclusive
	1.20


Table 1.9.21

Usage factors ki of suspended cap insulators of special design

	Insulator configuration
	ki

	Two-winged
	1.20

	With increased overhang of edge on the lower surface
	1.25

	Aerodynamic profile (tapered, dish-shaped)
	1.0

	Funnel-shaped with smooth internal and finned external surfaces
	1.15


Table 1.9.22

Usage factors of single supporting stacks, supporting and suspended rod insulators
	Li/d
	less than 2.5
	2.5-3.00
	3.01-3.30
	3.31-3.50
	3.51-3.71
	3.71-4.00

	kk
	1.0
	1.10
	1.15
	1.20
	1.25
	1.30


Table 1.9.23

Usage factors kk of composite structures with electrically parallel branches (without links)

	Number of parallel branches
	1
	2
	3-5

	kk
	1.0
	1.05
	1.10


1.9.54. Configuration of suspended insulators for areas with different types of pollution must be selected as per table 1.9.24.

Table 1.9.24

Recommended fields of application of suspended insulators of different configurations

	Insulator configuration
	Characteristic of areas of pollution

	Cap insulator with a finned lower surface (Li/D ( 1.4)
	Areas with the 1st and 2nd pollution levels with all types of pollution

	Cap smooth dish-shaped insulator, cap smooth tapered insulator
	Areas with the 1st and 2nd pollution levels with all types of pollution, areas with salined soil and industrial pollution not higher than the 3rd pollution level

	Cap porcelain insulator 
	Areas with the 4th pollution level near cement and slate processing enterprises, iron industry enterprises, potassium fertilizer production enterprises, chemical production facilities fabricating phosphates, aluminum production plants if there are electrode production workshops (anode mass workshops) 

	Rod porcelain insulator of normal design (Li/h ( 2,5) 
	Areas with the 1st pollution level, including those with hard-to-reach  high-voltage line routes

	Cap two-winged insulator
	Areas with saline soils and industrial pollution (the 2nd-4th pollution levels) 

	Cap insulator with increased overhang of edge on the lower surface (Li/D > 1.4)
	Coastal areas of seas and salt lakes (the 2nd-4th pollution levels)

	Rod porcelain insulator of special design (Li/h > 2.5) 
	Areas with the 2nd and 4th pollution levels; areas with hard-to-reach high-voltage line routes (the 2nd-3rd pollution levels)

	Rod polymeric insulator of normal design 
	Areas with the 1st and 2nd pollution levels with all types of pollution, including those with hard-to-reach high-voltage line routes

	Rod polymeric insulator of special design 
	Areas with the 2nd and 3rd pollution levels with all types of pollution, including those with hard-to-reach high-voltage line routes


Note. D – cap insulator diameter, cm, h – rod insulator insulating part height, cm, Li - leakage path length, cm. 
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