Section 7

ELECTRICAL EQUIPMENT OF SPECIAL INSTALLATIONS
Chapters 7.1, 7.2 are presented in accordance with the seventh edition (1999)

Chapters 7.5, 7.6, 7.10 are presented in accordance with the seventh edition (2002)

Chapter 7.1
	APPROVED BY
Ministry of Fuel and Energy
of the Russian Federation

Order dated October 6, 1999


Effective
as of July 1, 2000

ELECTRICAL INSTALLATIONS OF RESIDENTIAL, PUBLIC, ADMINISTRATIVE AND WELFARE BUILDINGS*
Scope. Definitions
7.1.1. The present chapter of the Code covers electrical installations of: residential buildings specified in the SNiP 2.08.01-89 Residential Buildings; public buildings specified in the SNiP 2.08.02-89 Public Buildings and Structures (except for buildings and rooms specified in chapter 7.2); administrative and welfare buildings specified in the SNiP 2.09.04-87 Administrative and Welfare Buildings; additional requirements may be imposed to electrical installations of unique and other special buildings not included in the said list.
Hereinafter, if there is no clarification, the word “building” means all types of buildings covered by this chapter.
The requirements of the present chapter do not apply to special electrical installations at medical and preventive treatment facilities, organizations and institutions of science and scientific services, dispatching control and communications systems, as well as electrical installations which must be classified by their nature as electrical installations of industrial enterprises (workshops, boiler houses, heat points, pump houses, commercial laundries, commercial dry-cleaners’, etc.).
___________

* The requirements of the present chapter are interdependent. It is well to bear in mind that partial fulfillment of the set of requirements to electrical installations of buildings can lead to reduction of the electrosafety level.
7.1.2. In addition to the requirements of the present chapter, the electrical installations of buildings must comply with the requirements of the chapters of sections 1-6 of the Electrical Installation Code to the extent they were not changed by the present chapter. 

7.1.3. An input device is a set of structures, apparatuses and devices installed on the input of a feed line into a building or its separate part.

An input device also including apparatuses and devices of outgoing lines is an input switchgear.
7.1.4. A main distribution board is a distribution board through which the whole building or its detached part is supplied with electrical energy. An input switchgear or a low voltage board of a substation can be used as a main distribution board.

7.1.5. A distribution point is a device in which protection devices and switching devices (or protection devices only) are installed for separate electrical appliances or their groups (electrical motors, group panels).

7.1.6. A group panel is a device in which protection devices and switching devices (or protection devices only) are installed for separate groups of luminaries, sockets, and stationary electrical appliances.

7.1.7. A flat panel is a group panel installed in a flat and intended for connection of the main feeding luminaries, sockets, and stationary electrical appliances of the flat.
7.1.8. A story switch board is a panel installed on residential house stories and intended for feeding of flats and flat panels.
7.1.9. A switchboard room is a room accessible only for qualified maintenance staff where input devices, input switchgears, main distribution boards, and other switchgears are installed.

7.1.10. A feeding main is a main from the switchgear of a substation or a tapping from overhead power transmission lines to input devices, input switchgears, and main distribution boards.

7.1.11. A distribution main is a main from input devices, input switchgears, and main distribution boards to distribution points and panels.

7.1.12. A group main is a main from panels and distribution points to luminaries, sockets, and other electrical appliances.

General requirements. Electric supply
7.1.13. Power to electrical appliances must be supplied from 380/220 V main with a grounding system ТN-S or ТN-С-S.

When retrofitting residential and public buildings with the main voltage of 220/127 V or 3 х 220 V, the possibility of switching of the main to a voltage of 380/220 V with a grounding system ТN-S or ТN-С-S must be provided.
7.1.14. External electric supply of buildings must comply with the requirements of chapter 1.2.

7.1.15. In bedroom blocks of different institutions, in schools and other educational establishments, etc., construction of built-in and adjoining substations is not allowed.

On extraordinary occasions, it is allowed to install in residential buildings built-in and adjoining substations with dry transformers upon agreement with state supervision authorities; in this case sanitary requirements for limitation of the level of noise and vibration in accordance with the applicable standards must be met in full.
The installation and location of built-in, adjoining and detached substations must be carried out in accordance with the requirements of chapter 4.

7.1.16. Feeding of power and lighting electrical appliances is recommended from the same transformers.

7.1.17. Location and configuration of transformer substations must allow a twenty-four-hour unobstructed access in them for the energy supplying organization staff.
7.1.18. Power to safety lighting and egress lighting must be supplied according to the requirements of chapters 6.1 and 6.2, as well as the SNiP 23-05-95 Natural and Artificial Lighting.
7.1.19. If elevators intended for transportation of fire-fighting units are also available in buildings, they must be supplied with power in accordance with the requirements of chapter 7.8.

7.1.20. Electrical mains of buildings must be designed for supply of power to sign lighting, the lighting of show windows, faces, illumination, external lighting, fire fighting devices, dispatching control systems, television networks, light indicators of fire hydrants, safety signs, bells, and other alarms, barrage lights, etc. in accordance with the design assignment.
7.1.21. When supplying power to one-phase consumers of buildings from a multiphase distribution main, it is allowed to have common N and PE conductors (five-wire main), laid directly from input switchgears, for different groups of one-phase consumers; joining of N and PE conductors (four-wire main with a PEN conductor) is not allowed.
In supplying power to one-phase consumers from a multiphase main with tappings from overhead lines, when a PEN conductor of the overhead line is common for groups of one-phase consumers fed from different phases, it is recommended to envisage protection cutoff of consumers upon the increase of voltage higher than the permissible voltage occurring due to asymmetry of load in case of the PEN conductor break. Disconnection must be allowed at the input into a building, e.g. acting on the independent releaser of the input circuit breaker by dint of a maximum voltage relay; in this case both the phase (L) and zero operational (N) conductors must be disconnected.

When selecting apparatuses and devices installed at the input, when all other conditions are equal, the preference must be given to apparatuses and devices remaining operational upon increase of the voltage higher than the permissible voltage, occurring due to asymmetry of load upon PEN or N conductors break; in this case their switching and other operational characteristics may not be complied with.
In all cases it is prohibited to use contact and no-contact switching elements in PE and PEN conductor circuits.
Connections that can be disassembled with tools, as well as connectors designed for these purposes can be used.

Input devices, switchboards, distribution points, group panels
7.1.22. An input device or an input switchgear must be installed at the building input. One or several input devices or input switchgears can be installed in the building.

If several separate in terms of their operation consumers are available in the building, it is recommended to install an individual input device or input switchgear for each of them. 

From the input switchgear power can also be supplied to consumers located in other buildings, provided that these consumers are connected functionally.

With tappings from high-voltage lines of the rated current up to 25 V, neither input devices nor input switchgears can be installed at building inputs, if the distance from a tapping to the group panel acting in this case as the input device is not more than 3 m. This section of the main must be constructed with a flexible copper cable with a section of cores of not less than 4 mm2. The cable must not sustain combustion and must be laid in a steel conduit; in this case the requirements to provide a reliable contact connection with the tapping wires must be complied with.
When input is implemented from an overhead line, impulse overvoltage suppressors must be installed. 

7.1.23. In front of building inputs no additional cable boxes for separation of the service sectors of external feeding mains and mains inside the building must be installed. This separation must be implemented in the input switchgear or the main distribution board. 

7.1.24. Input devices, input switchgears, and main distribution boards must be fitted with protection devices at all inputs of feed lines and at all outgoing lines.
7.1.25. Controlling devices must be installed at the input of input device, input switchgear, main distribution board feed lines. On outgoing lines controlling devices can be installed either on each line or can be common for several lines. 
A circuit breaker should be considered as a protection and controlling device.

7.1.26. Regardless of their availability at the beginning of a feed line, controlling devices must be installed at the inputs of feed lines in shopping spaces, utility enterprises, administration rooms, etc., as well as in the rooms of consumers separated in terms of administration and economic activity.

7.1.27. A story board must be installed at a distance of not more than 3 m along the length of the wiring from the supply riser with the requirements of chapter 3.1. taken into account.
7.1.28. As a rule, input devices, input switchgears, main distribution boards should be installed in switchboard rooms accessible only for maintenance staff. In areas subject to flooding they must be installed above the flooding level.

Input devices, input switchgears, main distribution boards can be located in rooms allocated in used dry basements, provided that these rooms are accessible for maintenance staff and separated from other rooms by partitions with a fire resistance rating of not less than 0.75 h. 

When locating input devices, input switchgears, main distribution boards, distribution points, and group panels outside of switchboard rooms, they must be installed in convenient and accessible for maintenance places, in cabinets with an enclosure protection class rating of not less than IP31. 

The distance from pipelines (water pipeline, heating, canalization and internal drainage), gas pipelines and gas meters to the place of installation must not be less than 1 m. 

7.1.29. Switchboard rooms, as well as input devices, input switchgears, main distribution boards must not be located under WC-and-bathroom units, bathrooms, shower rooms, kitchens (except for flat kitchens), washing units, washing chambers and steam rooms of bath-houses, and other rooms where wet technological processes are used except for cases when special measures for provision of reliable moisture proofing were taken to prevent ingress of moisture into rooms with installed switchgears.
It is not recommended to install pipelines (water pipelines, heating) across switchboard rooms.

Pipelines (water pipelines, heating), ventilation, and other ducts laid through switchboard rooms must have neither tappings inside the room (except for a tapping to a heater of the switchboard room itself) nor manholes, valves, flanges, taps, etc.

Installation of gas pipelines and pipelines with combustible liquids, canalization, and internal drainage through these rooms is not allowed.

Doors of switchboard rooms must open outside.

7.1.30. Rooms with installed input switchgears, main distribution boards must have natural ventilation and electrical lighting. The room temperature must not be less than + 5 (C.
7.1.31. Electrical circuits within input devices, input switchgears, main distribution boards, distribution points, and group panels must be implemented with copper core wires.
Wiring and cable lines
7.1.32. Internal wirings must be implemented with the followings taken into account:

1. Electrical installations of different organizations involved in separate administration and economic activities and located in one building can be connected by tappings to a common feed line or be fed by separate lines from input switchgears or main distribution boards.
2. Several risers can be connected to one line. On tappings to each riser feeding the flats of residential buildings 5 story high a controlling device combined with a protection device should be installed. 

3. In residential buildings the luminaries of staircases, entrance halls, halls, story corridors and other premises inside the building and outside the flats must be powered by separate lines from input switchgears or separate group panels fed from input switchgears. Connection of these luminaries to story and flat panels is not allowed.

4. For staircases and corridors with natural lighting it is recommended to use automatic control of electrical lighting depending on illuminance created by natural light.

5. Supply of power to uninhabited premises electrical installations is recommended by separate lines.

7.1.33. Feeding mains from substations to input devices, input switchgears and main distribution boards must be protected from short circuit currents.

7.1.34. Cables and wires with copper cores should be used in buildings.*

As a rule, feed and distribution mains must be implemented with cables and wires with aluminum cores, if their design section is equal to 16 mm2 or exceeds this value.

Power to separate electrical appliances pertaining to building services (pumps, fans, fan heaters, air conditioners, etc.) can be supplied by wires or cables with aluminum cores of a section of not less than 2.5 mm2.

In museums, art galleries, exhibition rooms it is permitted to use lighting busbars with protection class rating IP20 which branch devices to luminaries have detachable contact joints located inside the busbar box at the moment of switching, and busbars with protection class rating IP44 which branches to luminaries are implemented with plug connectors assuring the breaking of the branch circuit before removal of the plug from the socket.
In the above-mentioned rooms lighting busbars must be fed from distribution points by separate lines.

In residential buildings the sections of copper conductors must correspond to design values, but they must not be less than those presented in the table 7.1.1.
_____________

*Before 2001 it is allowed to use wires and cables with aluminum cores as per available construction backlog.

7.1.35. In residential buildings installation of vertical sections of the distribution main inside the flats is not allowed.
It is prohibited to install from the story panel wires and cables feeding the lines of different flats in a common conduit, duct or channel.
In a common conduit, duct or channel of construction structures made of incombustible material it is allowed to lay the incombustible wires and cables of flat feeding lines together with wires and cables of the group lines of working lighting of staircases, story corridors, and other inside building rooms.

Table 7.1.1. The minimum permissible sections of cables and wires of electrical mains in residential buildings

	Name of the line
	Minimum sections of cables and wires with copper cores, mm2

	Group main lines
	1.5

	Lines from story panels to flat panels and sale meters 
	2.5

	Lines of a distribution main (risers) for flat feeding
	4


7.1.36. In all buildings the lines of the common main laid from group, story and flat panels to general lighting luminaries, sockets and stationary electrical appliances must be implemented as three-phase line (phase – L, zero operational – N and zero protective – PE conductors).
It is not allowed to join zero operational and zero protective conductors of different group lines.

Zero operational and zero protective conductors must not be connected on the panels by a common contact clamp.

Sections of conductors must comply with the requirements of clause 7.1.45.

7.1.37. Wiring in rooms must be constructed as removable: enclosed – in construction structure channels, embedded conduits; exposed – in electrotechnical skirts, ducts, etc.

It is recommended to construct exposed wiring in crawl floors, crawlways, basements, attic-floor rooms, and ventilation chambers without heating, wet, and particularly wet rooms. 
In buildings with construction structures made of incombustible materials it is allowed to lay embedded non-removable group mains in the grooves of walls, partitions, inserted floors, under plaster, in the layer of floor background or in construction structure hollows; cables or insulated wires in a protective sheath must be used for such mains. Laying of non-removable embedded wires in the panels of walls, partitions, and inserted floors during their fabrication at the building industry plants or implemented in field joints during building construction is not allowed.

7.1.38. Electrical mains laid above nonaccessible suspended ceilings and in partitions are considered as enclosed wirings and implemented: above the ceilings and in hallows of partitions of combustible materials in metal conduits, having a localization capacity, and in enclosed ducts; above the ceilings and in partitions of incombustible materials* - in conduits and ducts made of incombustible materials, as well as by cables that do not spread fire. In this case, the possibility of replacement of wires and cables must be provided.

____________

*Suspended ceilings of incombustible materials are understood as the ceilings that are made of incombustible materials; in this case, other construction structures located above suspended ceilings, including inserted floors, are also made of incombustible materials.
7.1.39. In rooms for cooking and eating, except for flat kitchens, it is allowed to lay cables openly. Installation of exposed wires in these rooms is not allowed.

In flat kitchens the same type of wiring as in living rooms and corridors can be used.
7.1.40. In saunas, bathrooms, WC-and-bathroom units, shower rooms enclosed wiring must be used, as a rule. Installation of exposed cables is allowed.

In saunas, bathrooms, WC-and-bathroom units, shower rooms it is not allowed to lay wires with metal sheaths, in metal conduits and metal hoses.
In saunas for zones 3 and 4 as per the GOST R 50571.12-96 Building Electrical Installations. Part 7. Requirements to Special Electrical Installations. Section 703. The Rooms Containing Heaters for Saunas wiring with a permissible temperature of insulation of 170 °C must be used. 
7.1.41. In attic-floor rooms wiring must be constructed in accordance with the requirements of section 2.

7.1.42. Power cables with voltage up to 1 kV feeding electrical appliances of other sections of a building can be laid through basements and crawlways of the building sections. Specified cables are not considered as transit cables; installation of transit cables through basements and crawlways of buildings is prohibited.

7.1.43. Laying of exposed transit cables and wires through storerooms and warehouses is not allowed.
7.1.44. Lines feeding refrigeration sets of trade and catering enterprises must be laid from input switchgears or main distribution boards of these enterprises.
7.1.45. Section of conductors should be selected according to the requirements of appropriate chapters of the Electrical Installation Code.

One-phase two- and three-wire lines, as well as three-phase four- and five-wire lines feeding one-phase loads must have the section of zero operational (N) conductors equal to the section of phase conductors.
Three-phase four- and five-wire lines feeding three-phase symmetrical loads must have the section of zero operational (N) conductors equal to the section of phase conductors, if the phase conductors have a section up to 16 mm2 for copper and 25 mm2 for aluminum, and for greater sections – not less than 50% of the section of phase conductors.

Section of PEN conductors must not be less than the section of N conductors and not less than 10 mm2 for copper and 16 mm2 for aluminum regardless of the section of phase conductors.

Section of PE conductors must be equal to the section of the phase ones with the section of the latter up to 16 mm2, 16 mm2 with the section of the phase conductors from 16 mm2 to 35 mm2 and 50% of the section of phase conductors at greater sections. 

Section of PE conductors not making part of a cable must not be less than 2.5 mm2 with mechanical protection, and 4 mm2 – without it.

Internal electrical equipment

7.1.46. In rooms for cooking and eating, except for flat kitchens, luminaries with filament lamps installed above working places (stoves, tables, etc.) must have a protection glass underneath. Luminaries with luminescent lamps must have grids or meshes or lamp holders to prevent falling out of lamps.

7.1.47. In bathrooms, shower rooms, WC-and-bathroom units only the electrical equipment designed for installation must be installed in appropriate zones of these rooms as per the GOST R 50571.12-96 Building Electrical Installations. Part 7. Requirements to Special Electrical Installations. Section 701. Bathrooms and Shower Rooms; in this case, the following requirements must be complied with:

- electrical equipment must have a water protection class rating of not less than:
in area 0 — IРХ7;

in area 1 — IРХ5;

in area 2 — IРХ4 (IРХ5 – in public bathrooms);
in area 3 — IРХ1 (IРХ5 – in public bathrooms);
- in area 0 electrical appliances with voltage up to 12 V designed for use in bathrooms can be used; in this case, the power supply must be located outside of these areas;

- in area 1 only water heaters can be installed;

- in area 2 water heaters and luminaries with protection class rating 2 can be installed;
- in areas 0, 1 and 2 the installation of connecting boxes, switchgears and controlling devices is not allowed.

7.1.48. Installation of sockets in bathrooms, shower rooms, soap rooms of bath-houses, rooms containing heaters for saunas (hereinafter, “saunas”), as well as in washing rooms of laundries is not allowed, except for bathrooms of flats and hotel rooms.
In bathrooms of flats and hotel rooms it is allowed to install sockets in area 3 as per the GOST R 50571.11-96 connected to the main through isolating transformers or protected by a breaking protection device responding to differential current which does not exceed 30 mA.

Any breakers and sockets must be located at a distance of not less than 0.6 m from the show cabin door aperture.

7.1.49. In buildings with a three-wire main (see clause 7.1.36) sockets must be installed for a current of not less than 10 A with a protection contact.

Sockets installed in flats, living rooms of hostels, as well as in the rooms for children in children establishments (kindergartens, public nurseries, schools, etc.) must have a protection device automatically closing sockets with a removed plug.
7.1.50. The minimum distance from breakers, sockets and electrical installation elements to gas pipelines must not be less than 0.5 m.
7.1.51. It is recommended to install breakers on the wall on the side of the door handle at a height up to 1 m; it is allowed to install them under the ceiling with control by dint of a cord.

In the rooms for children in children establishments (kindergartens, public nurseries, schools, etc.) breakers should be installed at a height of 1.8 m from the floor.
7.1.52. In saunas, bathrooms, WC-and-bathroom units, soap rooms of bath-houses, steam rooms, washing rooms of laundries, etc., installation of switchgears and control gears is not allowed.

In wash stand rooms and areas 1 and 2 (the GOST P 50571.11-96), of bathrooms and shower rooms it is allowed to install breakers with a cord control.

7.1.53. Devices cutting off the lighting of attic-floor rooms with the elements of construction structures (roofing, girders, rafters, beams, etc.) of combustible materials must be installed outside of the attic-floor room.

7.1.54. Breakers of luminaries of working, safety and egress lighting of rooms designed for the presence of a big amount of people (e.g. trading spaces of shops, canteens, entrance halls of hotels, etc.) must be accessible only for maintenance staff.
7.1.55. A luminary must be installed above each entrance to a building.
7.1.56. The number plates of buildings and fire hydrants installed on external walls of buildings must be lighted. Power to electrical sources of light of number plates and hydrants must be supplied from the main of the building internal lighting, and to fire hydrants installed on the supports of external lighting – from the main of external lighting.
7.1.57. Regardless of the category of the building electric supply reliability fire fighting devices and security alarm must be fed from two inputs, and if they are not available – by two lines from one input.  Switching from one line to another must be carried out automatically.

7.1.58. Electrical motors, distribution points installed on the attic-floor, separately installed switching devices and protection devices must have a protection class rating of not less than IP44.

Electrical energy metering
7.1.59. In residential buildings one - or three-phase sale meter (with a three-phase input) should be installed for each flat.

7.1.60. Sale meters in public buildings where several electrical energy consumers are located must be envisaged for each consumer involved in separate administration and economic activities (ateliers, shops, workshops, warehouses, housing services divisions, etc.).
7.1.61. In public buildings electrical energy sale meters must be installed on switchgears (main distribution boards) at points of balance separation with an energy supplying organization. If there are built-in or adjoining transformer substations which power is totally consumed by the consumers of this building, sale meters must be installed on leads of power transformer low voltage at low voltage combined boards at the same time functioning as input switchgear of the building.
Input switchgears and metering devices of different consumers located in the same building can be installed in one common room. Upon agreement with the energy supplying organization, sale meters can be installed at one consumer from which input switchgear other consumers located in the same building are fed. In this case, control meters for settlement with the main consumer should be installed at inputs of feed lines in the rooms of these other consumers.

7.1.62. It is recommended to install the sale meters for the total load of residential buildings (lighting of staircases, house management offices, yard lighting, etc.) in input switchgear cabinets and on main distribution board panels.
7.1.63. It is recommended to install flat sale meters together with protection devices (circuit breakers, fuses).
When installing flat panels in flat antechambers, the meters, as a rule, must be located on these panels; it is allowed to install meters on story panels.

7.1.64. For safe replacement of a meter directly connected to the main, a switching device for removal of voltage from all phases connected to the meter must be installed upstream of each meter.
Cut-off devices for removal of voltage from sale meters located in flats must be installed outside of the flat.

7.1.65. A protection device must be installed downstream of the meter connected directly to the main. If there are several outgoing lines fitted with protection devices downstream of the meter, installation of the common protection device is not required.

7.1.66. It is recommended to fit residential buildings with the systems of remote meter reading.

Protective measures
7.1.67. The grounding and protective measures of building electrical installations must be implemented in accordance with the requirements of chapter 1.7 and additional requirements presented in this section.

7.1.68. In all rooms it is necessary to connect exposed current-conducting parts of general lighting luminaries and stationary electrical appliances (electric stoves, water boilers, residential air conditioners, hand-driers, etc.) to a zero protective conductor.

7.1.69. In building rooms metal bodies of one-phase portable electrical appliances and desk office appliances of class I as per the GOST 12.2.007.0-75 Occupation Safety Standards System. Electrical equipment. General Safety Requirements must be connected to the protective conductors of a three-wire group line (see clause 7.1.36).

Metal frames of partitions, doors and window frames used to lay cables must be connected to protective conductors.
7.1.70. In rooms without increased hazard it is allowed to use suspended luminaries without clamps for connection of protective conductors, provided that the hook for their suspension is insulated. The requirements of this clause do not cancel the requirements of clause 7.1.36, and they are not a ground to implement two-wire wirings.
7.1.71. For protection of group lines feeding sockets for portable electrical appliances it is recommended to use breaking protection devices.
7.1.72. If a device for protection against over-current (circuit breaker, fuse) does not assure the time of automatic cut-off 0.4 s at the rated voltage of 220 V due to the low values of short circuit currents and installation (a flat) is not included in the system of potential compensation, installation of a breaking protection device is mandatory.
7.1.73. When breaking protection devices are installed in series, the requirements of selectivity must be complied with. With two- and three-stage circuits the breaking protection device located closer to the power supply must have a setting point and time of operation of not less than threefold of the breaking protection device located closer to the consumer.
7.1.74. In the area of operation of the breaking protection device the zero operational conductor must not have connections with grounded elements and a zero protective conductor.

7.1.75. In all cases of use, the breaking protection device must assure reliable switching of load circuits with possible loads taken into account.

7.1.76. It is recommended to use the breaking protection device representing a device integrated with a circuit breaker assuring protection against over-current.
It is not allowed to use the breaking protection device in group lines without protection against over-current without an additional apparatus assuring this protection.
When using breaking protection devices without protection against over-current, their calculation check is required in the modes of over-current taking into account protection characteristics of the upstream device assuring protection against over-current.
7.1.77. In residential buildings it is not allowed to use breaking protection devices automatically disconnecting a consumer from the main upon the loss or inadmissible drop of voltage in the main.  In this case, the breaking protection device must remain operational for a period of not less than 5 s upon the reduction of voltage to 50% of the rated one.

7.1.78. In the buildings breaking protection devices of the type “A” responding both to alternative and undulating fault currents or “AC” responding only to alternative loss currents must be used.

A source of undulating current is, e.g. washing machines with speed regulators, controlled light sources, television sets, videocassette recorders, personal computers, etc.

7.1.79. In group mains feeding sockets, breaking protection device with the rated operative current of not more than 30 mA should be used.

It is allowed to connect to one breaking protection device several group lines through separate circuit breakers (fuses).

As a rule, installation of breaking protection devices in lines feeding stationary equipment and luminaries, as well as in general lighting mains is not required. 
7.1.80. In residential buildings it is recommended to install breaking protection devices on flat panels; it is allowed to install them on story panels.

7.1.81. It is prohibited to install breaking protection devices for electrical appliances which disconnection may result in dangerous situations for consumers (tripping of fire alarm, etc.).

7.1.82. Installation of breaking protection devices with the rated operative current of not more than 30 mA is mandatory for group lines feeding socket circuits located outside of rooms and in particularly hazardous rooms and in rooms with increased hazard, e.g. in the area of 3 bathrooms and shower rooms of flats and hotel rooms.
7.1.83. The total loss current taking into account connected stationary and portable electrical appliances in the normal mode of operation must not exceed 1/3 of the breaking protection device rated current. If data is not available, the loss current of electrical appliances should be assumed as 0.4 mA per 1 A of the load current, and the loss current of the main as 10 μA per 1 m of the phase conductor length.
7.1.84. In order to increase the level of protection against inflammation during short circuits to grounded parts when the value of current is not sufficient for operation of the maximum current protection, it is recommended to install a breaking protection device with operative current up to 300 mA at the input of the flat, single-family house, etc.
7.1.85. For residential buildings, if the requirements of clause 7.1.83 are met, one device with an operative current of not more than 30 mA can perform the functions of a breaking protection device as per clauses 7.1.79 and 7.1.84.
7.1.86. If a breaking protection device is designed for protection against electric shock and inflammation or only for protection against inflammation, it must cut off both the phase and zero operational conductors; protection against over-current in the zero operational conductor is not required.
7.1.87. At the input into the building a potential compensation system must be implemented by dint of connection of the following current-conducting parts:
- main (trunk) protection conductor;

- main (trunk) earthing lead or main grounding terminal;

- steel pipes of utilities of buildings and between buildings;
- metal parts of construction structures, lightning-discharge protectors, central heating, ventilation, air conditioning systems. Such current-conducting parts must be interconnected at the building input.

As electrical energy is transmitted, it is recommended to implement additional systems of potential compensation. 

7.1.88. All exposed current-conducting parts of stationary electrical installations accessible for contact, outside current-conducting parts and zero protection conductors of all electrical equipment (including those of sockets) must be connected to the additional system of potential compensation.
For bathrooms and shower rooms an additional system of potential compensation is mandatory; it must also provide the possibility of connection of outside current-conducting parts going out outside of rooms. If there is no electrical equipment with zero protective conductors connected to the system of potential compensation, the system of potential compensation should be connected to the PE bus (terminal) at the input.  Heating elements embedded in the floor must be covered by a grounded metal mesh or a grounded metal enclosure connected to the system of potential compensation. It is recommended to use a breaking protection device for a current up to 30 mA as an additional protection for heating elements.

It is not allowed to use local systems of potential compensation for saunas, bathrooms and shower rooms.

Chapter 7.2
	APPROVED BY
Ministry of Fuel and Energy
of the Russian Federation

Order dated October 6, 2002


Effective
as of January 1, 2000

ELECTRICAL INSTALLATIONS OF ENTERTAINMENT ENTERPRISES, CLUB INSTITUTIONS AND SPORTS FACILITIES

Scope. Definitions
7.2.1. The present chapter of the Code covers electrical installations located in the buildings of entertainment enterprises with auditoriums: theatres, circuses, cinemas, concert halls, clubs, centres of creative work for children and adolescents, indoor sports facilities, sports palaces and gymnasiums.
7.2.2. In addition to the requirements of the present chapter electrical installations of entertainment enterprises must comply with the requirements of the chapters of sections 1-6 and chapter 7.1 to the extent they were not changed by the present chapter. 

7.2.3. A stage is a specially equipped part of the building for performance of plays of different genres. 

A stage includes: a main acting area (stage pad) connected with the auditorium by a portal-frame aperture, a proscenium, a rear stage and side recesses connected by apertures in the walls with the main acting area as well as a pit and fly-lofts.
7.2.4. A platform is a part of the auditorium designed for variety shows and concerts. The platform can be separated from the auditorium by a portal-frame wall with an open aperture or located in the same space with the auditorium.
7.2.5. An arena is a part of the auditorium designed for circus shows.

7.2.6. A stage lift is a machine designed for lifting and lowering of sets, soffits, curtains, and other stage equipment.
7.2.7. Stage lighting is a lighting designed for lighting of theatre plays, concerts, musical and circus shows. 

7.2.8. Technical equipment rooms are rooms where lighting and projection devices, stage lighting controlling devices, communications equipment, electroacoustic, and cinematographic equipment, electrical power installations and controlling devices of the stage (platform, arena) machinery electric drives are located.
General requirements. Electric supply
7.2.9. Power to electrical appliances must be supplied from a 380/220 V main with a grounding system ТN-S or ТN-С-S.

When retrofitting entertainment enterprises with the main voltage of 220/127 V or 3 х 220 V, the possibility of switching of the main to a voltage of 380/220 V with a grounding system ТN-S or ТN-С-S must be allowed.

7.2.10. Selection of off-standard voltage for electrical appliances of stage lighting and electrical installations of the stage machinery powered from separate transformers, rectifiers and converters must be carried out at the design stage.

7.2.11. All rooms making part of a stage (platform), as well as the lockers of sets, storages (sets, costumes, stage-property, props and materials), workshops (arts, wigmaker’s, props, joiner’s, artist’s, stencils, scale models, tailor’s, shoemaker’s), storerooms (paints, materials, stage electrician's, stage-setter’s, clothes), actors’ dressing-rooms and wardrobes should be classified as fire hazardous areas of class П-Па, unless the above-mentioned rooms are classified as rooms of a higher fire hazardous class as per their conditions of operation and characteristics of used equipment.

Table 7.2.1. Categories of entertainment enterprise electrical appliances as per electric supply reliability

	Name of the electrical appliance 
	Electric supply reliability category with total seating capacity, people

	
	less than 800
	800 and more

	1. Fire pump electrical motors, automatic fire alarm and fire fighting, systems of smoke protection, fire warning, fire safety curtain, safety and egress lighting
	I 
	I

	2. Stage lighting electrical appliances
	III
	II

	3. Stage machinery electrical appliances
	III
	II

	4. Technical equipment room and sound-reinforcement system electrical appliances
	III
	II

	5. Rest of electrical appliances not specified in clauses 1-4, as well as sets of electrical appliances of buildings with auditoriums with a seating capacity of 300 seats and less
	III
	III


7.2.12. Electric supply reliability categories of electrical appliances are presented in the table 7.2.1.

7.2.13. Power to electrical installations of entertainment enterprises can be supplied both from the own (consumer) transformer substation (built-in, adjoining or detached) and a public transformer substation.
Connection of electrical installations of other consumers to 0.4 kV lines feeding an entertainment enterprise from public transformer substations is not allowed. It is allowed to feed electrical installations of other consumers from the own (consumer) transformer substation of an entertainment enterprise.
7.2.14. The electric supply of an entertainment enterprise with total (with several auditoriums in one building) number of seats in auditoriums 800 and more and children entertainment enterprises regardless of the number of seats must comply with the following requirements:
1. It is recommended to supply power to electrical appliances from two transformers of the own (consumer) transformer substation. If it is inexpedient to construct own transformer substation, power should be supplied to electrical appliances from two transformers of a public transformer substation.

2. Transformers must be fed, as a rule, from two independent sources of 6-10 kV.
3. Upon switching off of one transformer, the operational transformer must supply power to all electrical appliances of an entertainment enterprise.

4. The main distribution board must have two sections of buses of 380/220 V with an automatic transfer switch installed on buses. Power to a main distribution board from transformers should be supplied by two lines under mutual redundancy. When combining the main distribution board with the board of a transformer substation or an integrated transformer substation, an automatic transfer switch is installed on the transformer substation or the integrated transformer substation board:
7.2.15. The electric supply of an entertainment enterprise with the total amount of seats in auditoriums of less than 800 must comply with the following requirements.

1. Power to electrical appliances should be supplied, as a rule, from two transformers of a public transformer substation. It is allowed to supply power to the main distribution board (input switchgear) of an entertainment enterprise from one transformer, provided that two lines under mutual redundancy are laid from the transformer substation to the main distribution board (input switchgear). 
2. Upon switching off of one transformer, the operational transformer must supply power to the main electrical appliances of an entertainment enterprise.

3. The main distribution board (input switchgear) must have two sections of buses of 380/220 V. Power to sections should be supplied from a transformer substation by separate lines under mutual redundancy. Switching of power on the sections of the main distribution board (input switchgear) must be carried out as a rule manually.

4. For electrical appliances of the electric supply reliability of category I the second independent power supply must be provided.

7.2.16. Power to an entertainment enterprise with the total amount of seats in auditoriums up to 300 can be supplied from one transformer of a public transformer substation.
7.2.17. When locating an entertainment enterprise with the total amount of seats up to 300 except for children entertainment enterprises (see clause 7.2.14) in a building of different purpose, power to electrical appliances of the entertainment enterprise can be supplied from a common main distribution board (input switchgear).

7.2.18. Adjoining or built-in transformer substations with oil-filled transformers must comply with the requirements of chapter 4.2, as well as with the following requirements:

1. Each transformer must be installed in a separate chamber having exit only to outside. When using integrated transformer substations, it is permitted to install one integrated transformer substation with two transformers in one room. The rooms of transformer substations and integrated transformer substations must be located on the first floor.

2. The doors of transformer chambers or integrated transformer substation rooms must be located at a distance of not less than 5 m from the closest door for passage of spectators or an emergency exit.
3. It is not allowed to construct exits (doors) from transformer substation and integrated transformer substation rooms directly on the way of egress.

7.2.19. Integrated transformer substations with transformers without oil filler can be located inside the building in a separate room. In this case, the possibility of transportation of the integrated transformer substation equipment for replacement and repair must be provided.

7.2.20. Switchgears and rotating converters up to 1 kV for supply of power to the stage machinery electrical drives, cabinets with batteries and thyristor regulators of the stage lighting can be located in transformer substation, integrated transformer substation rooms, provided that all electrical equipment located in the room is serviced by the staff of the facility.
7.2.21. The switchgear of a transformer substation higher than 1 kV must be located in a separate room with individual locked entries for maintenance by the energy supplying organization staff.

Switchgears up to 1 kV and higher can be located in one room only in the condition of their operation by the staff of one organization.

The requirement regarding location of switchgears up to 1 kV and higher in different rooms does not apply to integrated transformer substations. If required, the high-voltage part of an integrated transformer substation is sealed by the organization being in charge of it.
7.2.22. Is not allowed to connect other electrical appliances to lines feeding electroacoustic and cinematographic equipment.
7.2.23. Power to safety lighting and egress lighting must be supplied according to the requirements of chapter 6.1 taking into account additional requirements presented in chapters 7.2.24 and 7.2.25.

7.2.24. To supply power to safety lighting, egress lighting and fire alarm system in emergency modes it is recommended to install batteries in entertainment enterprises.
For the above-mentioned purposes, installation of batteries is mandatory:

1. In children entertainment enterprises regardless of the number of seats and power supplies.

2. In entertainment enterprises (except for cinemas) with the total amount of seats in auditoriums of 800 and more regardless of the number of power supplies.

3. With one power supply available:
- in clubs with the total amount of seats in auditoriums of more than 500;
- in the rest of entertainment enterprises with the total amount of seats in auditoriums of more than 300. 

If two power supplies are available, batteries may not be installed in entertainment enterprises specified in clause 3.

Batteries may not be also installed:
- in cinemas with the total amount of seats in auditoriums of less than 800;
- in clubs with the total amount of seats of 500 and less;

- in the rest of entertainment enterprises with the amount of seats in auditoriums of 300 and less.
7.2.25. Cabinets with portable batteries can be installed inside any rooms, except for rooms for spectators and actors. Portable batteries with voltage up to 48 V and capacity up to 150 A·h for supply of power to emergency lighting and fire alarm system installed in metal cabinets with natural exhaust ventilation outside of the building can be charged at the place of their installation. In this case, the explosion and fire hazard class of a room does not change.
The capacity of batteries must be selected taking into account the continuous operation of emergency lighting luminaries for 1 h.

Acid battery installations for voltage higher than 48 V and capacity of more than 150 A·h should be implemented in accordance with the requirements of chapter 5.5.

Electrical lighting

7.2.26. Permissible deviations of voltage of lighting devices must comply with the requirements of the GOST 13109-87 Electrical Energy. Quality Standards of Electrical Energy in General Purpose Electrical Mains.

7.2.27. Lighting devices of stage lighting must be fitted with protective meshes preventing falling out of optical filters, lenses, lamps, and other internal parts of lighting devices and splinters of glass or quartz in case of a lamp breaking. 

7.2.28. Stage lighting, music stand lighting must have smooth luminance control of light sources. For clubs with the number of seats in an auditorium up to 500 it is allowed to use uncontrolled lighting.

7.2.29. In auditoriums with the number of seats of more than 500 it is recommended to provide smooth luminance control of light sources.

7.2.30. In the rooms for spectators, standby lighting assuring reduced illuminance of not less than 15% of the rated one must be provided for those rooms. Emergency or egress lighting can be used as part of standby lighting. 

7.2.31. In auditoriums with stationary cinema projectors, in case of emergency interruption of motion-picture projection, automatic switching on of luminaries providing not less than 15% of rated illuminance for an auditorium lighting during breaks between film shows must be assured.
7.2.32. Working and standby lighting control must be provided:

- for an auditorium – from a stage lighting control room, from a projection room, from the place of the chief ticket collector or from the entrance to the auditorium;
- for a stage, a platform - from a stage lighting control room, from a console on the stage (platform);
- for entrance halls, lobbies, back rooms, cloak rooms, WC-and-bathroom units, smoke rooms and other rooms for spectators – centralized control of working lighting from the post of the chief ticket collector or from the entrance to the auditorium, and of standby lighting, in addition, from the room of the fire post (if it is available) or the main distribution board.
7.2.33. Safety lighting must be implemented in the rooms of a stage (platform), ticket-issuing offices, administrator rooms, cloak rooms, security post rooms, a fire post room, technical control rooms, health unit rooms, transformer substations, integrated transformer substations, main distribution boards, telephone offices, and rooms for animals in circuses.
Egress lighting must be provided in all rooms where more than 50 people can be present, as well as on all stairs, passages and other ways of escape.
7.2.34. Light indicators must be located above the doors on the escape ways from the auditorium, from the stage (platform, arena) and from other rooms towards the exit from the building and have painting in accordance with the Fire Code NPB 160-97 Signal Colors. Fire Safety Signs. Types, Sizes, General Technical Requirements.

Light indicators must be connected to the power supply of safety lighting or egress lighting or switch to it automatically upon loss of voltage on the main sources feeding them. Light indicators must be switched on all the time of the presence of spectators in the building.

7.2.35. Control of safety lighting and egress lighting must be provided from a fire post room, from an emergency lighting switch room or from the main distribution board (input switchgear).

7.2.36. For safety lighting and egress lighting turned on and switched to feeding from a battery installation, filament lamps must be used.

Luminescent lamps can be used when power to luminaries is supplied from a battery installation through converters of direct current to alternative current.

7.2.37. Lighting of orchestra member music stands in the orchestra pit must be provided by luminaries connected to sockets.

7.2.38. In entertainment enterprises the possibility of connection of illumination and advertising installations must be provided.

Electric power equipment
7.2.39. Power to electrical motors of fire pumps, smoke protection systems, fire alarm and fire fighting systems, fire warning system should be supplied by separate lines from substations, main distribution boards or input switchgears.

7.2.40. Switching on of electrical motors of fire pumps and smoke protection systems and fire-protection automatic installation must be accompanied by switching off of electrical appliances of ventilation and air conditioning systems. Automatic switching off of other electric power equipment, except for electrical motors of a fire safety curtain, circulation pumps and lifts is also allowed.
7.2.41. Startup of fire pump electrical motors should be carried out:

- remotely from fire cock buttons, if sprinkling and deluge devices are not available;
- automatically, if sprinkling and deluge devices are available, with remote duplication (for startup and stop) from fire post and pump rooms.

Startup of fire pumps electrical motors must be monitored in the fire post room using light and sound signals. 

7.2.42. Electrical drives of the stage machinery must switch off automatically when the machines reach full distance positions.
The electrical drives of stage lifts, fire safety curtain, lifting and lowering platforms and lift-and-carry units (except for telfers) must be fitted with emergency automatic tripping of re-descent and re-ascent directly in the power circuit after which operation the startup of electrical drives by manual and automatic controlling devices must be excluded.
7.2.43. With the number of stage lifts more than ten, a control unit switching off all stage machinery should be installed on the stage machinery console, and if the latter is not available, on the stage-manager console.
7.2.44. For emergency stop of all machines servicing the stage (platform, arena) cutoff devices located at least in two places from where the operation of these machines is seen well must be installed.
7.2.45. Doors in guards of the rotating part of the stage (platform), lift-and-carry units of the stage and orchestra, soffits, technologic elevators must be fitted with blocking devices disconnecting electrical motors upon opening of doors and preventing startup of machines after closing of doors without additional operations (turn of a key, pressing the buttons, etc.).

7.2.46. Machines which, in addition to an electric drive, have a mechanical manual drive must be fitted with a blocking device tripping the electric drive upon switching to manual control.
7.2.47. Contacts of devices and apparatuses designed for provision of safety must break appropriate circuits upon the loss of power on the winding of this device or apparatus.
7.2.48. The fire safety curtain must be fitted with a blocking device automatically stopping the electrical motor upon loosening of pulling cables and gravity drop of the curtain. The fire safety curtain movement must be accompanied by light and sound alarm on the stage pad and in the fire post room. 

7.2.49. Control of smoke hatches must allow the possibility of both simultaneous opening of all hatches and separate opening and closing of each hatch. The possibility of manual closing of smoke hatches must provided.

The possibility of control of the smoke hatch hoist must be provided from the stage pad, the fire post-control room and the hoist room.
Laying of cables and wires 
7.2.50. In addition to the requirements of chapter 3.1, power mains must be protected against overload within the limits of the stage (platform, arena).

7.2.51. Cables and wires must be used with copper cores, wirings must not spread combustion: 

- in auditoriums, as well as in the spaces above auditoriums and above the suspended ceilings;

- on the stage, in attic-floor rooms with combustible structures;

- for fire extinguisher control circuits, as well as for fire and security alarm, sound-reinforcement lines, the lines of stage lighting and stage machine electrical drives.

In the rest of rooms, for power and distribution mains it is allowed to use cables and wires with aluminum cores of a section of not less than 16 mm2. 

7.2.52. In auditoriums, lobbies, refreshment rooms and other rooms for spectators it is recommended to implement enclosed removable wiring. 

7.2.53. Cables and wires must be laid in steel conduits within the stage limits (platform, arena), as well as in auditoriums regardless of the number of seats. 

7.2.54. For stage lighting lines it is allowed to lay up to 24 wires in one steel conduit, provided the temperature for wire insulation will not exceed the rated temperature. 

7.2.55. Lines feeding lighting devices of the stage lighting located on movable structures should be implemented with a flexible copper cable.

7.2.56. Wirings feeding portable and mobile electrical appliances and electrical appliances on vibration-isolating foundations should be implemented in accordance with the requirements of chapter 2.1.

7.2.57. Connecting lines from a stationary wiring to a mobile stationary should be implemented using electrical connectors (or terminal boxes) installed at places accessible for maintenance.

Protective measures
7.2.58. The grounding and protective measures of electrical installations must be implemented in accordance with the requirements of chapters 1.7, 7.1 and additional requirements presented in this section.

7.2.59. Movable metal structures of the stage (platform, arena) designed for installation of lighting and electrical power appliances (soffit girders, gantry coulisses, etc.) must be connected to protective grounding by dint of a separate flexible copper wire or a cable core which must not be used as operating current conductors at the same time.
The rotating part of the stage and equipment installed on it can be connected through a ring contact with a double current collector.
7.2.60. Metal bodies and structures of cinematographic equipment, as well as those of distribution systems and the mains of electroacoustics, television, communications and alarm must be connected to the protective grounding.

Electro-technical and sound-reproducing cinematographic installations, as well as communications and television equipment requiring the reduced level of sound must be connected, as a rule, to a separate grounding device which grounding electrodes must be located at a distance of not less than 20 m from other grounding electrodes, and earthing leads must be insulated from the protective grounding of electrical installations.
The resistance of a separate grounding device must comply with the requirements of the manufacturer or departmental norms, but it must not exceed 4 Ω.

Chapter 7.3

ELECTRICAL INSTALLATIONS IN EXPLOSION HAZARDOUS AREAS 
SCOPE
7.3.1. The present chapter of the Code covers electrical installations located in explosion hazardous areas indoors and outdoors. These electrical installations must also comply with the requirements of other sections of the Code to the extent they were not changed by the present chapter.

Selection and installation of electrical equipment (machines, apparatuses and devices), wirings and cable lines for explosion hazardous areas are carried out in accordance with the present chapter of the Code on the basis of classification of explosion hazardous areas and explosion hazardous mixtures. 

The requirements to battery installations are presented in chapter 4.4.

The instructions of the present chapter do not apply to underground installations in cellars and enterprises, which installation explosion hazard is the result of use, production and storage of explosive substances, as well as electrical equipment located inside processing units.
DEFINITIONS 
7.3.2. An explosion is a quick transformation of substances (explosive burning) accompanied by release of energy and formation of compressed gases able to perform work.

7.3.3. A flash is a quick burning of combustible mixture which is not accompanied by the formation of compressed gases.

7.3.4. Smoldering is burning without a glow usually recognized by appearance of smoke.

7.3.5. Electrical sparking are spark, arc and glow electrical discharges.
7.3.6. An intrinsically safe electrical circuit is an electrical circuit implemented so that an electrical discharge or its heating can not inflame explosion hazardous environment under prescribed test conditions.
7.3.7. A flash temperature is the lowest (in the conditions of special tests) temperature of a combustible substance at which vapor and gases capable to inflame from an ignition source form above its surface, but the speed of their formation is not sufficient for subsequent burning.
7.3.8. A temperature of inflammation is a temperature of a combustible substance at which it releases combustible vapors or gases with such a speed that after their inflammation from an ignition source a stable burning takes place.
7.3.9. A self-ignition temperature is the lowest temperature of a combustible substance at which a sharp increase of exothermal reaction speed takes place ending by flame burning occurrence.
7.3.10. A smoldering temperature is the lowest temperature of a substance (materials, mixtures) at which a sharp increase of exothermal reaction speed takes place ending by occurrence of smoldering. 

7.3.11. A volatile flammable liquid is a liquid capable to burn by itself after the removal of the ignition source and having a flash temperature of not higher than 61 °C.

Volatile flammable liquids which flash temperature does not exceed 61 °C and vapor pressure at a temperature of 20 °C makes up less than 100 kPa (about 1 at) are classified as explosion hazardous liquids.
7.3.12. A combustible liquid is a liquid capable to burn by itself after the removal of the ignition source and having a flash temperature higher than 61 °C.

Combustible liquids with a flash temperature higher than 61 °C are classified as fire hazardous liquids, but when heated during production process to a flash temperature or higher, they are classified as explosion hazardous liquids.

7.3.13. A light gas is a gas which at a surrounding temperature of 20 °C and a pressure of 100 kPa has a density of 0.8 or less in relation to air density.
7.3.14. A heavy gas is a gas which under the same conditions as presented in 7.3.13 has a density of more than 0.8 in relation to air density.
7.3.15. A liquefied gas is a gas which at a surrounding temperature of less than 20 °C or a pressure higher than 100 kPa or at combined action of these both conditions transforms into liquid.

7.3.16. Combustible gases are classified as explosion hazardous at any surrounding temperature.

7.3.17. Combustible dust and fibers are classified as explosion hazardous if their lower concentration limit of inflammability does not exceed 65 g/m3.
7.3.18. An explosion hazardous mixture is a mixture of air and combustible gases, volatile flammable liquid vapors, combustible dust and fibers with the lower concentration limit of inflammability of not more than 65 g/m3 during their transition to a suspended state, which at a certain concentration can explode upon appearance of an explosion initiation source.
A mixture of combustible gases and volatile flammable liquid vapors with oxygen or other oxidizing agents (e.g. chloride) is also classified as explosion hazardous.

The concentration of gases and volatile flammable liquid vapors in air is assumed as percentage to air volume, the concentration of dust and fibers – in grams per a cubic meter to air volume.
7.3.19. The upper and lower concentration limits of inflammability are the maximum and minimum concentration of combustible gases, volatile flammable liquid vapors, dust and fibers in air above and below which an explosion does not occur even upon appearance of an explosion initiation source correspondingly.
7.3.20. A room is a space enclosed by walls (including those with windows and doors) from all sides, the ceiling (inserted floor) and floor. A space under a canopy and a space set off by meshed or grid guarding structures are not considered as rooms.
7.3.21. An outdoor installation is an installation located outside of the room (outdoors) openly or under a canopy or inside meshed or grid guarding structures.
7.3.22. An explosion hazardous area is a room or a confined space in a room or outdoor installation where explosion hazardous mixtures are available or can form.

7.3.23. Explosionproof electrical equipment is electrical equipment where design measures are implemented to eliminate or impede the possibility of inflammation of the explosion hazardous environment surrounding it owing to operation of this electrical equipment.
7.3.24. General purpose electrical equipment is electrical equipment constructed without taking into account the requirements specific for a certain purpose, determined conditions of operation.
7.3.25. A safe experimental maximum gap is the maximum gap between the flanges of an enclosure through which the explosion is not transmitted to the environment at any concentration of the mixture in air.

CLASSIFICATION OF EXPLOSION HAZARDOUS MIXTURES AS PER THE GOST 12.1.011-78

7.3.26. Explosion hazardous mixtures of gases and vapors with air depending on the size of safe experimental maximum gap are divided into categories according to the table 7.3.1.

7.3.27. Explosion hazardous mixtures of gases and vapors with air depending on the self-ignition temperature are divided into six categories according to the table 7.3.2.

7.3.28. Division of explosion hazardous mixtures of gases and vapors with air into categories and groups is presented in the table 7.3.3.

Table 7.3.1 

Categories of explosion hazardous mixtures of gases and vapors with air
	Mixture category 
	Name of the mixture 
	Safe experimental maximum gap, mm

	I 
	Mine methane
	More than 1.0 

	II 
	Industrial gases and vapors
	-

	IIА 
	Idem
	More than 0.9 

	IIВ 
	"    "
	More than 0.5 up to 0.9 

	IIC 
	"   "
	Up to 0.5 


Note. The safe experimental maximum gap values presented in the table can not be used for control of the enclosure gap width during operation.
Table 7.3.2

Groups of explosion hazardous mixtures of gases and vapors with air as per self-ignition temperature 
	Group 
	Self-ignition temperature of the mixture, °C 
	Group
	Self-ignition temperature of the mixture, °C 

	Т1 
	More than 450
	Т4 
	More than 135 up to 200 

	Т2 
	" 300 up to 450
	Т5 
	" 100 up to 135 

	ТЗ 
	" 200 up to 300
	Т6 
	" 85 up to 100 


7.3.29. The lower concentration limit of inflammability of some explosion hazardous dusts, as well as their temperature of smoldering, inflammation and self-ignition are presented in the table 7.3.4.

7.3.30. Categories and groups of explosion hazardous mixtures of gases and vapors with air, as well as the temperatures of smoldering, inflammation and self-ignition of dust not included in tables 7.3.3 and 7.3.4, are determined by testing organizations in accordance with their list as per the GOST 12.2.021-76.

CLASSIFICATION AND MARKING OF EXPLOSIONPROOF ELECTRICAL EQUIPMENT AS PER THE GOST 12.2.020-76*

7.3.31. Explosionproof electrical equipment is divided as per levels and types of explosion protection, groups and temperature classes. 

7.3.32. The following levels of electrical equipment explosion protection are established: “electrical equipment of increased reliability against explosion", “explosionproof electrical equipment” and “particularly explosionproof electrical equipment”.

The level “electrical equipment of increased reliability against explosion" is explosionproof electrical equipment for which explosion protection is assured only in the recognized normal mode of operation. Level sign is 2.

The level “explosionproof electrical equipment” is explosionproof electrical equipment for which explosion protection is assured both for the normal mode of operation and at recognized possible damage determined by the conditions of operation, except for damage of explosion protection means. Level sign is 1.

The level “particularly explosionproof electrical equipment” is explosionproof electrical equipment for which additional means of explosion protection specified by the standards for the types of explosion protection were implemented. Level sign is 0.

7.3.33. Explosionproof electrical equipment can have the following types of explosion protection:

	Explosionproof enclosure 
	d

	Filling up and blowing of an enclosure by protective gas under excess pressure 
	р

	Intrinsically safe electrical circuit
	i

	Filling up of an enclosure with live parts by silica
	q

	Filling up of an enclosure with live parts by oil
	o

	Special type of explosion protection
	s

	Protection of type “e”
	e


Table 7.3.3 

Division of explosion hazardous mixtures into categories and groups
	Mixture category 
	Mixture group 
	Substances forming with air an explosion hazardous mixture 

	I 
	Т1 
	Methane (mine)* 

	IIA 
	Т1 
	Ammonia, chloride allyl, acetone, acetonitrile, benzol, benzol trifluoride, vinyl chloride, vinylidene chloride, 1,2-dichloropropane, dichloroethane, diethylamine, diisopropyl ether, blast furnace gas, isobutylene, isobutene, isopropylbenzol, acetic acid, xylol, methane (industrial)**, methyl acetate, (-methylstyrene, methyl chloride, methyl isocya, methyl chloroformates, methyl cyclopropyl-ketone, methyl ethyl ketone, carbon monoxide, propane, pyridine, dissolvents Р-4, Р-5 and РС-1, diluent РЭ-1, petroleum naphtha, styrene, diacetone alcohol, toluene, trifluorochloridepropane, trifluoropropene, trifluoroethane, trifluorochlorideethane, triethylamine, benzene chloride, cyclopentadiene, ethane, ethyl chloride

	
	Т2 
	Alkyl benzene, amyl acetate, acetic anhydride, acetylacetone, acetylchloride, aceto propyl chloride, petrol Б95/130, butane, butyl acetate, butyl propionate, vinyl acetate, vinylidene fluoride, diatol, diisopropylamine, dimethylamine, dimethyl formamide, isopentane, isorpene, isopropylamine, isooctane, propionic acid, methylamine, methyl isobutyl ketone, methylmethacrylate, methylmercaptan, methyl-trichlorosilane, 2-methylthiophene, silvan, monoisobutylamine, methyl chloride methyldichloroarsine, mesityl oxide, 1,3-pentadiene, propylamine, propylene. Dissolvents: No 646, 647, 648, 649, РС-2, БЭФ and АЭ. Diluents: РДВ, РКБ-1, РКБ-2. Alcohols: normal butyl, tertiary butyl, isoamyl, isopropyl carbinol, dimethyl carbinol, methyl, ethyl. Trifluoro propyl methylarsine dichloride, trifluoroethylene, trichloroethylene, isobutyl chloride, ethylamine, ethyl acetate, ethyl butyrate, ethylenediamine, ethylene chlorohydrin, ethyl-isobutyrate, ethyl benzene, hexahydrophenol, cyclohexanone  

	IIА 
	Т3
	Petrol: А-66, А-72, А-76, nefras, Б-70, extraction gasoline as per specifications 38.101.303-72, extraction gasoline as per inter-republic specifications 12Н-20-63. Butyl methacrylate, hexane, heptane, di-isobutylamine, dipropylamine, isovalerianic aldehyde, isooctylen, camphene, kerosene, morpholine, oil, ligarine, polyether ТГМ-3, pentane, dissolvent No 651, turpentine, amyl alcohol, trimethylamine, fuel Т-1 and ТС-1, white spirit, hexalnethylene, cyclohexylamine, ethyldichlorthiophosphate, ethyl mercaptan  

	IIА 
	Т4 
	Acetaldehyde, isobutyric aldehyde, butyl aldehyde, methyl acetaldehyde, decane, tetramethyl diaminomethane, 1,1,3-trieethoxybutane

	
	Т5 
	-

	
	Т6 
	-

	IIВ 
	Т1 
	Coke gas, hydrocyanic acid 

	  
	Т2 
	Divinyl, 4,4-dimethyldioxane, dimethyl chlorosilane, dioxane, dimethyl-dichlorosilane, camphor oil, acroleic acid, methyl acrylate, methylvinyldichlorosilane, acroleic acid nitrile, nitrohexalnethylene, propylene oxide, methylbutane-2-oxide-2, ethylene oxide, dissolvent АМР-3 and АКР, trimethylchlorosilane, formaldehyde, furan, furfurol, chloromethyl oxirane, ethyltrichlorosilane, ethene

	IIВ 
	Т3 
	Acrolein, vinyl trichlorosilane, sulphuretted hydrogen, tetrahydrofuran, tetraethoxylan, triethoxysilan, diesel fuel, glycol formal, ethyldichlorarsine, ethyl cellosolve

	
	Т4 
	Dibutyl ether, diethyl ether, ethylene glycol diethyl ether

	
	Т5 
	-

	
	Т6 
	-

	IIС 
	Т1 
	Hydrogen, water gas, coal gas, hydrogen 75% + nitrogen 25% 

	
	Т2 
	Acetylene, methylarsine dichloride

	
	Т3 
	Trichlorosilane

	
	Т4 
	-

	
	Т5 
	Carbon sulphide

	
	Т6 
	-


_____________

* The mine methane should be understood as a mine gas in which, in addition to methane the content of gas hydrocarbons – homologues of methane С2-С5 – is not more than 0.1 of the volume ratio, and hydrogen in the gas sample from bores directly after drilling – not more than 0.002 of the volume ratio of the total combustible gas volume.

** In industrial methane the content of hydrogen can make up to 0.15 of the volume ratio.

Types of explosion protection assuring different levels of explosion protection differentiate in means and methods of implementation of explosion safety specified in standards for appropriate types of explosion protection.

7.3.34. Depending on the field of use, explosionproof electrical equipment can be divided into two groups (table 7.3.5).

7.3.35. The electrical equipment of group II having the types of explosion protection “explosionproof enclosure” and (or) “intrinsically safe electrical circuit” is divided into three subgroups corresponding to the categories of explosion hazardous mixtures according to the table 7.3.6.

7.3.36. Depending on the value of limiting temperature, the electrical equipment of group II is divided into six temperature classes corresponding to the groups of explosion hazardous mixtures (table 7.3.7).

Table 7.3.4

Lower concentration limit of inflammability, temperature of smoldering, inflammation and self-ignition of explosion hazardous dusts 
	Substance 
	Air-borne dust
	Settled dust

	
	Lower
concentration limit of inflammability g/m3
	Inflammation 
temperature °C
	Smoldering temperature, °С
	Inflammation temperature, °С
	Self-ignition temperature, °С

	Adipinic acid
	35
	550
	-
	320
	410

	Altax
	37.8
	645
	It does not smolder, it melts at 186 °C
	-
	-

	Aluminum
	40
	550
	320
	-
	470

	Amino pelargonic acid
	10
	810
	It does not smolder, it melts at 190 °C
	-
	-

	Aminoplast
	52
	725
	264
	-
	559

	Amino enanthic acid
	12
	740
	It does not smolder, it melts at 195 °C
	390
	450*

	4-Amyl benzophenone 2-carboxylic acid
	23.4
	562
	It does not smolder, it melts at 130 °C
	261
	422*

	Ammonium salt 2.4-dihydroxy-benzene-sulfonic acids
	63.6
	-
	It does not smolder, it melts
	286
	470

	Anthracene 
	5
	505
	It does not smolder, it melts at 217 °C
	-
	-

	Technical atrazine, technical, specifications БУ-127-69
	30.4
	779
	It does not smolder, it melts at 170 °C
	220
	490*

	Marketable atrazine
	39
	745
	Idem
	228
	487*

	Sunflower food protein
	26.3
	-
	193
	212
	458

	Soy food protein
	39.3
	-
	It does not smolder, it chars
	324
	460

	Dibutyl tin bis (trifluoroacetate) 
	21.2
	554
	It does not smolder, it melts at 50 °C
	158
	577*

	Vitamin В15
	28.2
	509
	-
	-
	-

	Vitamin PP of rose hips
	38
	610
	-
	-
	-

	Hydroquinone
	7.6
	800
	-
	-
	-

	Pea flour
	25
	560
	-
	-
	-

	Dextrin
	37.8
	400
	-
	-
	-

	Dicyclopentadiene binoxide, specifications 6-05-241-49-73
	19
	-
	It does not smolder
	129
	394

	2,5-dimethylhexane-3-diol 
	9.7
	-
	It does not smolder, it melts at 90 °C
	121
	386*

	Wood flour 
	11.2
	430
	-
	-
	255

	Casein 
	45
	520
	-
	-
	-

	Cacao 
	45
	420
	245
	-
	-

	Camphor 
	10.1
	850
	-
	-
	-

	Rubber 
	12.6
	325
	It does not smolder, it melts at 80 °C
	-
	-

	Kerogen 
	25
	597
	-
	-
	-

	Potato starch
	40.3
	430
	It does not smolder, it chars
	-
	-

	Corn starch 
	32.5
	410
	It does not smolder, it chars
	-
	-

	Hardwood lignin
	30.2
	775
	-
	-
	300

	Cotton lignin 
	63
	775
	-
	-
	-

	Softwood lignin
	35
	775
	-
	-
	300

	Dibutyl tin maleate
	23
	649
	-
	220
	458*

	Maleic anhydride 
	50
	500
	It does not smolder, it melts at 53 °C
	-
	-

	Methyl tetrahydrophthalic anhydride 
	16.3
	488
	It does not smolder, it melts at 64 °C
	155
	482*

	Foodstuff microvit A, specifications 64-5-116-74
	16.1
	-
	It does not smolder, it chars
	275
	463

	Flour dust (wheat, rye and other grains) 
	20-63
	410
	-
	-
	205

	Naphthalene 
	2.5
	575
	It does not smolder, it melts at 80 °C
	-
	-

	Dibutyl tin oxide 
	22.4
	752
	154
	154
	523

	Dioctyl tin oxide 
	22.1
	454
	It does not smolder, it melts at 155 °C
	155
	448*

	Polyacrylonitrile 
	21.2
	505
	It does not smolder, it chars
	217
	-

	Polyvinyl alcohol 
	42.8
	450
	It does not smolder, it melts at 180-220 °C
	205
	344*

	Polyisobutilalumoxan
	34.5
	-
	It does not smolder
	76
	514

	Polypropene 
	12.6
	890
	-
	-
	-

	Polysebacic anhydride (hardening agent VII-607), inter-republic specifications 6-09-6102-69)
	19.7
	538
	It does not smolder, it melts at 80 °C
	266
	381*

	Polystyrol 
	25
	475
	It does not smolder, it melts at 220 °C
	-
	-

	Powder paint П-ЭП-177, clause 518 temporary specifications 3609-70, with additional agent No 1, grey color
	16.9
	560
	It does not smolder
	308
	475

	Powder paint П-ЭП-967, clause 884, temporary specifications 3606-70, red-brown color  
	37.1
	848
	Idem
	308
	538

	Powder paint ЭП-49-Д/2, temporary specifications 605-1420-71, brown color
	33.6
	782
	"     "
	318
	508

	Powder paint ПВЛ-212, inter-republic specifications,  6-10-859-69, ivory color
	25.5
	580
	-
	241
	325

	Powder paint П-ЭП-1130У, temporary specifications НЧ No 6-37-72 
	33.5
	633
	"     "
	314
	395

	Technical propazine 
	27.8
	775
	It does not smolder, it melts at 200 °C
	226
	435*

	Marketable propazine, specifications 6-01-171-67 
	37.2
	763
	It does not smolder, it melts at 200 °C
	215
	508*

	Cork flour 
	15
	460
	325
	-
	-

	Dust of Leninsk-Kuznetsky coal of grade Д, the mine after the name of Yaroslavsky 
	31
	720
	149
	159
	480

	Industrial rubber dust
	10.1
	1,000
	-
	-
	200

	Cellolignin industrial dust
	27.7
	770
	-
	-
	350

	Shale dust 
	58
	830
	-
	
	225

	Sakap (acroleic acid polymetric compound, specifications 6-02-2-406-75)
	47.7
	-
	It does not smolder
	292
	448

	Beet-root sugar 
	8.9
	360
	It does not smolder, it melts at 160 °C
	-
	350*

	Sulfur 
	2.3
	235
	It does not smolder, it melts at 119 °C
	-
	-

	Technical simazin, specifications БУ-104-68 
	38.2
	790
	It does not smolder, it melts at 220 °C
	224
	472*

	Marketable simazin, inter-republic specifications 6-01-419-69 
	42.9
	740
	It does not smolder, it melts at 225 °C
	265
	476*

	Rubber 113-61 (Dioctyl tin thiostannate)  
	12
	-
	It does not smolder, it melts at 68 °C
	261
	389*

	Salt АГ (nylon salt) 
	12.6
	636
	-
	-
	-

	Mixed polymer acrylonitrile with methylmethacrylate 
	18.8
	532
	It does not smolder, it chars
	274
	-

	Stabilizator 212-05 
	11.1
	-
	It does not smolder, it melts at 57 °C
	207
	362*

	Organic glass 
	12.6
	579
	It does not smolder, it melts at 125 °C
	-
	300*

	Sulfadimine 
	25
	900
	-
	-
	-

	Titanium 
	45
	330
	-
	-
	-

	Dibutyl tin thiooxyethylene 
	13
	214
	It does not smolder, it melts at 90 °C
	200
	228*

	Triphenyltrimethylcyclotrisiloxane 
	23.4
	515
	It does not smolder, it melts at 60 °C
	238
	522*

	Triethylenediamine 
	6.9
	-
	It does not smolder, it sublimates
	106
	317*

	Urotropin
	15.1
	683
	-
	-
	-

	Phenolic rubber 
	25
	460
	It does not smolder, it melts at 80-90 °C
	-
	-

	Phenoplast 
	36.8
	491
	227
	-
	485

	Ferrocene, bis  (cyclopentadienyl)-iron
	9.2
	487
	It does not smolder
	120
	250

	Phthalic anhydride 
	12.6
	605
	It does not smolder, it melts at 130 °C
	-
	-

	Cyclopentadienyltricarbonyl-manganese
	4.6
	275
	-
	96
	265

	Chicory
	40
	253
	-
	-
	190

	Ebonite 
	7.6
	360
	It does not smolder, it bakes
	-
	-

	Epoxide rubber Э-49, specifications 6-05-1420-71
	17.2
	477
	It does not smolder
	330
	486

	Epoxide compound ЭП-49СП, specifications 6-05-241-98-75
	32.8
	-
	Idem
	325
	450

	Epoxide compound УП-2196 
	22.3
	-
	"    "
	223
	358

	Epoxide dust (waste after treatment of epoxide compounds)
	25.5
	643
	198
	200
	494

	Epoxide compound УП-2155, specifications 6-05-241-26-72 
	29.5
	596
	It does not smolder
	311
	515

	Epoxide compound УП-2111, specifications 6-05-241-11-71 
	23.5
	654
	Idem
	310
	465

	2 - Ethylanthraquinone 
	15.8
	-
	It does not smolder, it melts at 107 °C
	207
	574*

	Ethysilsesquioxane (П1Э)
	64.1
	707
	223
	223
	420

	Ethyl cellulose 
	37.8
	657
	It does not smolder, it disintegrates at 240 °C
	-
	-

	Tea 
	32.8
	925
	220
	-
	-


____________________

* Self-ignition temperature of a melted substance.

Table 7.3.5

Groups of explosionproof electrical equipment as per the field of use
	Electrical equipment
	Group symbol 

	Mining equipment designed for underground working of mines and pits
	I 

	For indoor and outdoor installation (except for mining equipment)
	II 


Table 7.3.6

Subgroups of electrical equipment of group II with types of explosion protection “explosionproof enclosure” and (or) “intrinsically safe electrical circuit” 

	Electrical equipment group symbol 
	Electrical equipment subgroup symbol 
	Category of an explosion hazardous mixture for which electrical equipment is explosionproof

	II
	-
	IIА, IIВ and IIС

	
	IIА
	IIА

	
	IIВ
	IIА and IIВ

	
	IIC
	IIА, IIВ and IIС


Note. The symbol II is used for electrical equipment which is not classified in subgroups.
Table 7.3.7 

Temperature classes of electrical equipment of group II 
	Symbol of electrical equipment temperature class 
	Limiting temperature, °С
	Group of an explosion hazardous mixture for which electrical equipment is explosionproof 

	Т1 
	450 
	Т1

	Т2 
	300 
	Т1, Т2

	Т3 
	200 
	Т1-Т3

	Т4 
	135 
	Т1-Т4

	Т5 
	100 
	Т1-Т5

	Т6 
	85 
	Т1-Т6


Limiting temperature is the maximum temperature of explosionproof electrical equipment surfaces which is safe in terms of inflammation of the surrounding explosion hazardous environment.
7.3.37. The electrical equipment explosion protection marking in the below order includes:
symbol of electrical equipment explosion protection level (2, 1, 0);

symbol Ex showing the conformity of electrical equipment to standards for explosionproof electrical equipment;

symbol of the type of explosion protection (d, i, q, o, s, e);

symbol of the electrical equipment group or subgroup (II, IIА, IIВ, IIС);

symbol of electrical equipment temperature class (Т1, Т2, Т3, Т4, Т5, Т6).

The explosion protection marking can include additional symbols and letterings in accordance with the standards for electrical equipment with separate types of explosion protection. Examples of explosionproof electrical equipment marking are presented in the table 7.3.8.

Table 7.3.8

Examples of explosionproof electrical equipment marking
	Explosion protection level
	Type of explosion protection 
	Group (subgroup)
	Temperature class
	Explosion protection marking

	Electrical equipment of increased reliability against explosion
	Protection of type "e”
	II
	Т6
	[image: image1.png]2ExellT






	
	Protection of type "e” and explosionproof enclosure
	IIВ
	Т3
	[image: image2.png]2ExedIIBT3






	
	Intrinsically safe electrical circuit
	IIC
	Т6
	[image: image3.png]2EXIICTE






	
	Blowing of an enclosure  under excess pressure
	II
	Т6
	[image: image4.png]2EIIT6






	
	Explosionproof enclosure and intrinsically safe electrical circuit
	IIB
	Т5
	[image: image5.png]2ExdillBTS






	Explosionproof electrical equipment
	Explosionproof enclosure 
	IIA
	Т3
	[image: image6.png]1ExdIIAT3





	
	Intrinsically safe electrical circuit
	IIC
	Т6
	[image: image7.png]1EXIICTS





	
	Filling up of an enclosure  under excess pressure
	II
	Т6
	[image: image8.png]




	
	Protection of type "e”
	II
	Т6
	[image: image9.png]ExellT6






	
	Filling up of an enclosure by silica
	II
	Т6
	[image: image10.png]1ExqllT6






	
	Special
	II
	Т6
	[image: image11.png]




	
	Special and explosionproof enclosure
	IIА
	Т6
	[image: image12.png][1ExsdIATS|






	
	Special, intrinsically safe electrical circuit and explosionproof enclosure 
	IIВ
	Т4
	[image: image13.png]1ExsidIIBT4






	Particularly explosionproof electrical equipment
	Intrinsically safe electrical circuit
	IIС
	Т6
	[image: image14.png]OExIICTE






	
	Intrinsically safe electrical circuit and explosionproof enclosure 
	IIА
	Т4
	[image: image15.png]




	
	Special and intrinsically safe electrical circuit
	IIС
	Т4
	[image: image16.png]0ExsillCT4







CLASSIFICATION OF EXPLOSION HAZARDOUS AREAS 
7.3.38. Classification of explosion hazardous areas is presented in 7.3.40- 7.3.46. The class of explosion hazardous area according to which electrical equipment is selected is determined by the technologists together with the electricians of the design and operating organization.
7.3.39. When determining explosion hazardous areas it is assumed that:

a) an explosion hazardous area in a room occupies the whole volume of the room, if the volume of an explosion hazardous mixture exceeds 5% of the free volume of the room;
b) an explosion hazardous area is considered as an area in the room within the limits up to 5 m on horizontal and vertical planes from a process device from which dispersal of inflammable gases or vapors of volatile flammable liquids is possible, if the volume of an explosion hazardous mixture is equal to or less than 5% of the free volume of the room (see also 7.3.42, clause 2). A room outside of an explosion hazardous area should be considered as explosion safe if there are no other factors creating explosion hazard in it;
c) an explosion hazardous area of outdoor explosion hazardous installations is limited by dimensions specified in 7.3.44. 
Notes: 1. Volumes of explosion hazardous gas- and vapor-air mixtures, as well as the time of formation of a vapor-air mixture are determined in accordance with the duly approved Instructions of Determination of the Category of Production Facilities as per Explosion, Explosion-fire and Fire Hazard.
2. In rooms with production facilities of categories А, Б and Е electrical equipment must comply with the requirements of chapter 7.3 for electrical installations in explosion hazardous areas of appropriate classes.

7.3.40. Areas of class B-I are areas located in rooms where combustible gases or vapors of volatile flammable liquids escape in such an amount and with such properties that they can form with air explosion hazardous mixtures in normal operation conditions, e.g. during loading and unloading of processing units, storage and transfer of volatile flammable liquids located in open tanks, etc.
7.3.41. Areas of class В-Iа are areas located in rooms where during normal operation explosion hazardous mixtures of combustible gases (regardless of the lower concentration limit of inflammability) or vapors of volatile flammable liquids with air do not form, but are possible only as a result of emergencies and failures.
7.3.42. Areas of class В-Iб are areas located in rooms where during normal operation explosion hazardous mixtures of combustible gases or vapors of volatile flammable liquids with air do not form, but are possible only as a result of emergencies and failures and which differ by one of the following particular features:

1. Combustible gases in these areas have a high lower concentration limit of inflammability (15% and more) and strong smell at the maximum permissible concentrations as per the GOST 12.1.005-88 (e.g. machine rooms of ammonia compressor and cooling absorption units).
2. The rooms of production facilities related with the circulation of gaseous hydrogen in which, according to the conditions of technological process, the formation of an explosion hazardous mixture in the amount exceeding 5% of the free volume of the room is excluded have an explosion hazardous area only in the upper part of the room. An explosion hazardous area is conditionally assumed to be up to the level of 0.75 of the total height of the room, counting from the floor level, but not higher than the crane track, if the latter is available (e.g. rooms of water electrolysis, charging stations of traction and starter batteries).

Clause 2 does not apply to electrical machine rooms with turbine-driven generators with hydrogen cooling, provided that the electrical machine room is fitted with exhaust ventilation with natural forcing; these rooms have normal environment.

The class В-IБ also includes the areas of laboratory and other rooms where combustible gases and volatile flammable liquids are present in small volumes insufficient for creation of an explosion hazardous mixture in the amount exceeding 5% of the free volume of the room, and where work with combustible gases and volatile flammable liquids is performed without open flame. These areas are not classified as explosion hazardous areas, if work with combustible gases and volatile flammable liquids is performed in exhaust hoods or under exhaust canopies. 

7.3.43. The areas of class В-Iг are spaces near outdoor installations of: processing units containing combustible gases or volatile flammable liquids (except for outdoor ammonia compressor units for which electrical equipment is selected according to 7.3.64), elevated and underground tanks with volatile flammable liquids or combustible gases (gasholders), gantries for discharge and loading of volatile flammable liquids, open oil catchers, settling ponds with floating oil film, etc.
The areas of class В-Iг also include: spaces near apertures behind outdoor guarding structures of rooms with explosion hazardous areas of classes В-I, В-Iа and В-II (exception - window apertures with glass blocks); spaces at outdoor guarding structures, if devices for discharge of air from exhaust ventilation system of rooms with explosion hazardous areas of any class are installed on them or if they are located within the limits of an outdoor explosion hazardous area; spaces near safety and breathing valves of tanks or processing units with combustible gases and volatile flammable liquids.
7.3.44. For outdoor explosion hazardous installations, an explosion hazardous area of class В-Iг is considered within the limits up to:

a) 0.5 m on horizontal and vertical planes from apertures behind outdoor guarding structures of rooms with the explosion hazardous areas of classes В-I, В-Iа, В-II;
b) 3 m on horizontal and vertical planes from an enclosed processing unit containing combustible gases and volatile flammable liquids; from an exhaust fan installed outdoors (in the open air) and maintenance room with explosion hazardous areas of any class; 

c) 5 m on horizontal and vertical planes from devices for discharge from safety and breathing valves of tanks and processing units with combustible gases or volatile flammable liquids, from devices, designed for discharge of air from the exhaust ventilation system of rooms with explosion hazardous areas of any class, installed on guarding structures;

d) 8 m on horizontal and vertical planes from tanks with volatile flammable liquids or combustible gases (gasholders); within the limits of the whole site inside the embankment, if embankment is available.

e) 20 m on horizontal and vertical planes from the place of open discharge and loading for gantries with open discharge and loading of volatile flammable liquids.

Gantries with enclosed discharge and loading devices, racks and supports under pipelines for combustible gases and volatile flammable liquids are not classified as explosion hazardous, except for zones within 3 m on horizontal and vertical planes from stop valves and flange connections of pipelines within the limits of which electrical equipment must be explosionproof for an appropriate category and group of an explosion hazardous mixture.

7.3.45. The areas of class B-II are areas located in rooms where air-borne combustible dusts and fibers are emitted  in such an amount and with such properties that they can form with air explosion hazardous mixtures in normal operation conditions (e.g. during loading and unloading of processing units).

7.3.46. The areas of class В-IIа are areas located in rooms where hazardous conditions specified in 7.3.45 do not occur in normal operation, but are possible only as a result of emergencies and failures.

7.3.47. Areas in rooms and the areas of outdoor installations within the limits up to 5 m on horizontal and vertical planes from a device where explosion hazardous mixtures are present or can form, but the technological process is maintained with use of open fire, red-hot parts or processing units have surfaces heated to the temperature of self-ignition of combustible gases, volatile flammable liquid vapors, combustible dusts or fibers are not classified as explosion hazardous in regards to their electrical equipment. Classification of environment in rooms or environment of outdoor installations outside of the said 5 m area should be determined depending on technological processes used in this environment.

Areas in rooms and the areas of outdoor installations where solid, liquid and gaseous combustible substances are burned as fuel or recycled by burning are not classified as explosion hazardous in regards to their electrical equipment. 

7.3.48. In the rooms of heating boiler houses, built in buildings and designed for operation with use of gaseous fuel or liquid fuel with a flash temperature of 61 °C and less, it is necessary to install the required minimum of explosionproof luminaries switched on prior to the beginning of the boiler plant operation. Breakers for luminaries are installed outside of the boiler plant room. 

Electrical motors of fans switched on prior to the beginning of the boiler house operation, and their starters, breakers, etc., if they are located inside the boiler plant rooms, must be explosionproof and conform to the category and group of an explosion hazardous mixture. Wiring to ventilation electrical equipment and luminaries must conform to the class of an explosion hazardous area.

7.3.49. When using materials capable to form explosion hazardous mixtures for painting, when painting and drying chambers are located in the common process flow of the production facility, provided the requirements of the GOST 12.3.005-75 are complied with, the area is classified as an explosion hazardous area within up to 5 m on horizontal and vertical planes from opened apertures of chambers, if the total surface of these chambers does not exceed 200 m2 with the total surface of the room up to 2,000 m2, or 10% with the total surface of the room of more than 2,000 m2.
When items are painted without chambers in the common process flow on outdoor sites, provided the requirements of the GOST 12.3.005-75 are complied with, the area is classified as explosion hazardous area within the limits up to 5 m on horizontal and vertical planes from the edge of the grid and from painted items, if the surface of grids does not exceed 200 m2 with the total surface of the room up to 2,000 m2 or 10% with the total surface of the room of more than 2,000 m2.

If the total surface of painting and drying chambers and their grids exceeds 200 m2 with the total surface of the room up to 2,000 m2 or 10% with the total surface of the room of more than 2,000 m2, size of an explosion hazardous area is determined depending on the volume of an explosion hazardous mixture according to 7.3.39.
Explosion hazardous class of areas is determined as per 7.3.40-7.3.42.

A room outside of an explosion hazardous area should be considered as explosion safe if there are no other factors creating explosion hazard.
Areas inside painting and drying chambers should be equaled to the areas located inside processing units.

The requirements of the present clause do not apply to these areas.

7.3.50. Areas in the rooms of exhaust fans servicing explosion hazardous areas of any class are classified as explosion hazardous areas of the same class as the areas serviced by them. 

For fans installed behind outdoor guarding structures and servicing the explosion hazardous areas of classes В-I, В-Iа, В-II, electrical motors are used as for the explosion hazardous area of class В-Iг, and for fans servicing explosion hazardous areas of classes В-Iб and В-IIа - according to the table 7.3.10 for these classes.

7.3.51. Areas in the rooms of supply fans servicing explosion hazardous areas of any class are not classified as explosion hazardous areas, if supply air-ducts are fitted with self-closing non-return valves preventing ingress of explosion hazardous mixtures in the rooms of supply fans upon interruption of air supply.

If non-return valves are not available, the rooms of supply fans have the explosion hazardous areas of the same class as the areas serviced by them.
7.3.52. Explosion hazardous areas containing light unliquefied combustible gases or volatile flammable liquids, with the presence of the signs of class B-I, can be classified as class В-Iа, provided that the following measures have been implemented:

a) construction of a ventilation system with the installation of several ventilation units. Upon emergency shutdown of one of the units, rest of them must provide the required output of the ventilation system, as well as sufficient uniformity of operation of ventilation for all space of a room, including basements, channels and their turns;
Table 7.3.9

 Class of the area of a room adjoining the explosion hazardous area of another room 

	
	Class of the area of a room adjoining the explosion hazardous area of another room and separated from it by 

	Explosion hazardous area class 
	the wall (partition) with a door located in the explosion hazardous area 
	the wall (partition) without apertures or with apertures fitted with entrance security cabins, or with doors located outside of the  explosion hazardous area

	В-I 
	В-Iа 
	Explosion safe and fire safe

	В-Iа 
	В-Iб 
	Idem

	В-Iб 
	Explosion safe and fire safe 
	"  "

	В-II 
	В-IIа 
	"  "

	В-IIа 
	 Explosion safe and fire safe 
	"  "


b) automatic alarm devices operating upon occurrence in any point of the room of the concentration of combustible gases or vapors of volatile flammable liquids not exceeding 20% of the lower concentration limit of inflammability, and for harmful explosion hazardous gases – also upon the approach of their concentration to the maximum allowed value as per the GOST 12.1.005-88. The number of signaling devices, their location, as well as the system of their backing up must ensure a fault-free operation of the alarm.
7.3.53. In production rooms without an explosion hazardous area separated by walls (with apertures or without them) from an explosion hazardous area of adjoining rooms an explosion hazardous area should be set; its class is determined in accordance with the table 7.3.9, the dimensions of the area – up to 5 m on horizontal and vertical planes from the door aperture.
Instructions of the table 7.3.9. do not apply to switchgears, transformer substations, converter substations and instrumentation installations located in rooms adjoining explosion hazardous areas of rooms. Switchgears, transformer substations, converter substations and instrumentation installations in rooms adjoining the explosion hazardous areas of rooms, and in outdoor explosion hazardous areas are located in accordance with the section Switchgears, Transformer Substations, Converter Substations (see 7.3.78-7.3.91)

SELECTION OF ELECTRICAL EQUIPMENT FOR EXPLOSION HAZARDOUS AREAS. 
GENERAL REQUIREMENTS 
7.3.54. It is recommended to install electrical equipment, especially with parts producing sparks during normal operation, outside of explosion hazardous areas if it does not lead to complication of operation and does not involve unreasonable expenses. If electrical equipment is installed within an explosion hazardous area, it must comply with the requirements of the present chapter.

7.3.55. Use of portable electrical appliances (machines, apparatuses, luminaries, etc.) in explosion hazardous areas should be limited by cases when their utilization is necessary for normal operation.
7.3.56. Explosionproof electrical equipment used in chemically active, wet and dust environment must be protected against the impact of chemically active environment, moisture and dust, respectively.

7.3.57. Explosionproof electrical equipment used for outdoor installation must also be suitable for operation in the open air or have a device for protection against weather impact (rain, snow, solar irradiation, etc.).

7.3.58. Electrical machines with protection of type “e” can be installed only on devices, where they will not be subject to overloads, frequent startups and reversing. These machines must have protection against overloads with an actuation time of not more than the time te. Here te is the time during which electrical machines are heated by startup current from the temperature conditioned by continuous operation at rated load to the limiting temperature according to the table 7.3.7.

7.3.59. Electrical machines and apparatuses with the type of explosion protection “explosionproof enclosure” in the environments with explosion hazardous mixtures of category IIC must be installed so that explosionproof flange gaps do not adjoin closely any surface, but are located from it at a distance of not less than 50 mm.

7.3.60. Explosionproof electrical equipment designed for operation in an explosion hazardous mixture of combustible gases or vapors of volatile flammable liquids with air keeps its properties if it is located in the environment with an explosion hazardous mixture of those categories and group for which explosion protection has been implemented or is located in the environment with an explosion hazardous mixture, classified, according to tables 7.3.1 and 7.3.2 as less hazardous categories and groups. 

7.3.61. When installing explosionproof electrical equipment with the type of explosion protection “filling up or blowing of an enclosure under excess pressure”, the system of ventilation and the system of monitoring of excess pressure, temperature and other parameters must be implemented; measures in accordance with the requirements of the GOST 22782.4 -78* and instructions for installation and operation of the specific electrical machine or apparatus must be implemented as well. In addition, the following requirements must be met:

1. Construction of foundation pits and gas pipelines of protection gas must exclude formation in them of draftproof areas (pockets) with combustible gases or volatile flammable liquid vapors.
2. Supply gas pipelines to fans providing electrical equipment with protection gas must be located outside of explosion hazardous areas.

3. Gas pipelines for protection gas can be laid under the floor of rooms including those with explosion hazardous areas, if measures preventing ingress of combustible liquids in these gas pipelines are taken.
4. For implementation of blocking, monitoring and signaling in ventilation systems, apparatuses, instruments and other devices, specified in machine and apparatus installation and operation manuals must be used. Their replacement by other items, the change of places of their installation and connection are not allowed without agreement with the machine and apparatus manufacturer.

Table 7.3.10

Permissible level of explosion protection or enclosure protection class rating of electrical machines (stationary and mobile) depending on explosion hazardous area class
	Explosion hazardous area class 
	Explosion protection level or protection class rating 

	В-I 
	Explosionproof

	В-Iа, В-Iг 
	Increased reliability against explosion

	В-Iб 
	Without explosion protection means. Enclosure with a protection class rating of not less than IP44. The parts of a machine generating sparks (e.g. contact rings) must also be encased in an enclosure with a protection class rating of not less than IP44.

	В-II 
	Explosionproof (meeting the requirements of 7.3.63)

	В-IIа 
	Without explosionproof means (meeting the requirements of 7.3.63). Enclosure with a protection class rating IP54*. The parts of a machine generating sparks (e.g. contact rings) must also be encased in an enclosure with protection class rating IP54*.


________________

* Until the electrotechnical industry begins large-scale manufacture of machines with enclosure protection class rating IP54, it is permitted to use machines with enclosure protection class rating IP44.
7.3.62. Electrical apparatuses with an oil-filled enclosure for live parts can be used on devices at places where there are no shocks or where measures were taken to prevent spillage of oil from the apparatus.

7.3.63. In the explosion hazardous areas of classes В-II and В-IIа it is recommended to use electrical equipment designed for explosion hazardous areas with mixtures of combustible dusts or fibers with air.
If such an electrical equipment is not available, in the explosion hazardous areas of class B-II, it is allowed to use explosionproof electrical equipment designed for operation in environments with explosion hazardous mixtures of gases and vapors with air, and in the areas of class B-IIa - electrical equipment of general purpose (without explosion protection), but having an appropriate protection of enclosure against dust ingress.

Use of explosionproof electrical equipment designed for operation in environments with explosion hazardous mixtures of gases and vapors with air, and electrical equipment of general purpose with an appropriate enclosure protection class rating is allowed, provided that the temperature of electrical equipment surface combustible dusts and fibers can settle on, (during operation of electrical equipment with rated load and without dust settlement) is not less than by 50 °C lower than the smoldering temperature for smoldering dusts or not more than two thirds of the self-ignition temperature for non-smoldering dusts.

7.3.64. Explosion protection of outdoor ammonia compressor unit electrical equipment is selected similar to explosion protection of ammonia compressor units installed inside the rooms. Electrical equipment must be protected against weather impact.
Table 7.3.11 

Permissible level of explosion protection or enclosure protection class rating of electrical apparatuses and devices depending on explosion hazardous area class
	Explosion hazardous area class 
	Explosion protection level or protection class rating 

	Stationary installations

	В-I 
	Explosionproof, particularly explosionproof

	В-Iа, В-Iг 
	Increased reliability against explosion – for apparatuses and devices generating sparks or those subject to heating higher than 80 °C

	  
	Without explosion protection means – for apparatuses and devices not generating sparks and not subject to heating higher than 80 °C. Enclosure with a protection class rating of not less than IP54*. 

	В-Iб 
	Without explosion protection means. Enclosure with a protection class rating of not less than IP44*. 

	В-II 
	Explosionproof (meeting the requirements of 7.3.63), particularly explosionproof

	В-IIа 
	Without explosionproof means (meeting the requirements of 7.3.63). Enclosure with a protection class rating of not less than IP54*. 

	Mobile installations or installations being parts of mobile and manual portable installations

	В-I, В-Iа 
	Explosionproof, particularly explosionproof

	В-Iб, В-Iг 
	Increased reliability against explosion

	В-II 
	Explosionproof (meeting the requirements of 7.3.63), particularly explosionproof

	В-IIа 
	Without explosionproof means (meeting the requirements of 7.3.63). Enclosure with a protection class rating of not less than IP54*. 


____________________

* The enclosure class rating for protection of apparatuses and devices against water ingress (the 2nd figure of designation) can be changed depending on the conditions of environment where they are installed.
Table 7.3.12

Permissible level of explosion protection or protection class rating of luminaries depending on explosion hazardous area class 
	Explosion hazardous area class
	Explosion protection level or protection class rating

	Stationary luminaries

	B-I
	Explosionproof

	B-Ia, В-Iг
	Increased reliability against explosion

	В-Iб
	Without explosion protection means. Protection class rating IP53 *

	В-II
	Increased reliability against explosion (meeting the requirements of 7.3.63)

	В-IIа
	Without explosionproof  means (meeting the requirements of 7.3.63)

Protection class rating IP53 *

	Portable luminaries

	В-I, В-Iа
	Explosionproof

	В-Iб, В-Iг
	Increased reliability against explosion

	IIВ
	Explosionproof (meeting the requirements of 7.3.63)

	В-IIа
	Increased reliability against explosion (meeting the requirements of 7.3.63)


____________________

* The enclosure class rating for protection against water ingress (the 2nd figure of designation) can be changed depending on the conditions of environment where luminaries are installed.

7.3.65. Electrical equipment for operation in explosion hazardous areas must be selected as per tables 7.3.10-7.3.12. If required, justified replacement of electrical equipment specified in tables by electrical equipment with a higher level of explosion protection and higher protection class rating of an enclosure is allowed. E.g. instead of electrical equipment with the level “increased reliability against explosion”, electrical equipment of the level “explosionproof” or “particularly explosionproof” can be installed. 

In areas which explosion hazard is determined by combustible liquids with a flash temperature higher than 61 °C (see 7.3.12) explosion-resistant electrical equipment for all categories and groups with surface heating temperature not exceeding the self-ignition temperature of this substance can be used.

ELECTRICAL MACHINES 
7.3.66. In explosion hazardous areas of any class electrical machines with voltage class up to 10 kV can be used, provided that their level of explosion protection or enclosure protection class rating as per the GOST 17494-87 correspond to the table 7.3.10 or are higher.

If separate parts of a machine have different explosion protection levels or enclosure protection class ratings, all of them must not be less than those presented in the table 7.3.10.

7.3.67. For units installed in the explosion hazardous areas of classes В-I, В-Iа and В-II it is allowed to use electrical motors without explosion protection means under the following conditions: 

a) electrical motors must be installed outside of explosion hazardous areas. The room, where electrical motors are installed, must be separated from the explosion hazardous area by an incombustible wall without apertures and incombustible inserted floor (cover) with a fire resistance rating of not less than 0.75 h, have a fire escape and be fitted with a ventilation system with five-fold change of air per hour;
b) the unit must be driven by dint of a shaft passing through the wall with a packing seal installed in it. 

ELECTRICAL APPARATUSES AND DEVICES 
7.3.68. In explosion hazardous areas electrical apparatuses and devices can be used, provided that their level of explosion protection or enclosure protection class rating as per the GOST 14255-69 correspond to the table 7.3.11 or are higher.

7.3.69. In the explosion hazardous areas of any class electrical connectors can be used, provided that they comply with the requirements of the table 7.3.11 for apparatuses generating sparks during normal operation.

In explosion hazardous areas of classes В-Iб and ВIIа it is allowed to use connectors in an enclosure with protection class rating IP54, provided that breaking in them takes place inside closed sockets.
Installation of connectors is allowed only for switching on of periodically operating electrical appliances (e.g. portable luminaries). The number of connectors must be limited by the necessary minimum and must be located at places where formation of explosion hazardous mixtures is least likely.
Intrinsically safe electrical circuits can be switched by connectors of general purpose.
7.3.70. It is recommended to install terminal blocks outside of an explosion hazardous area. If there is a technical need to install terminal blocks in an explosion hazardous area, they must comply with the requirements of the table 7.3.11 for stationary apparatuses which do not generate sparks during operation.

7.3.71. It is recommended to install lighting circuit fuses and breakers outside of explosion hazardous areas.

7.3.72. When using apparatuses and devices with the type of explosion protection “intrinsically safe electrical circuit” the followings should be taken into account:

1. Inductance and capacitance of intrinsically safe circuits including connected cables (which inductance and capacitance is determined by characteristics, calculations or measurement) must not exceed the maximum values specified in instruction manuals for these circuits. If the instruction manual prescribes a specific type of cable (wire) and its maximum length, they can be changed only with the available conclusion of a testing organization as per the GOST 12.2.021-76.

2. Items which are envisaged by instruction manuals and have marking “Complete with…” can be included in intrinsically safe circuits. In these circuits it is allowed to include commercially available sensors of general purpose without their own power source, inductance and capacitance and meeting the requirements of clause 4. Such sensors include commercially available general-duty resistance thermometers, thermal couples, thermoresistors, photodiodes and similar devices incorporated in protective enclosures.
3. Circuits consisting of a commercially available general-duty thermal couple and galvanometer (millivoltmeter) are intrinsically safe for any explosion hazardous environment, provided that the galvanometer does not contain other electrical circuits including the dial illumination circuit.
4. Intrinsically safe circuits can include commercially available general-duty switches, keys, terminal blocks, etc., provided that the following requirements are met:
a) other intrinsically hazardous circuits are not connected to them;

b) they are closed with a cover and sealed;
c) their insulation is rated for three-fold nominal voltage of an intrinsically safe circuit, but not less than for 500 V.

ELECTRICAL LIFTING MECHANISMS
7.3.73. The electrical equipment of cranes, tackles, lifts, etc. located in the explosion hazardous areas of any class and involved in a technological process must comply with the requirements of tables 7.3.10 and 7.3.11 for mobile installations.

7.3.74. The electrical equipment of cranes, tackles, lifts, etc. located in explosion hazardous areas and not involved directly in a technological process (e.g. assembly cranes and tackles) must have the followings:

a) in the explosion hazardous areas of classes ВI and В-II – any level of explosion protection for appropriate categories and groups of explosion hazardous mixtures;
b) in the explosion hazardous areas of classes В-Ia and В-II – any level of explosion protection for appropriate categories and groups of explosion hazardous mixtures;

c) in the explosion hazardous areas of classes В-Iа and В-Iб - enclosure protection class rating of not less than IРЗЗ;

d) in the explosion hazardous areas of classes В-IIа и В-Iг - enclosure protection class rating of not less than IР44.

The above-mentioned electrical equipment can be used only if explosion hazardous concentrations are not present during the crane operation.

7.3.75. Current leads to cranes, tackles, etc. in the explosion hazardous areas of any class must be implemented with a portable flexible cable with copper cores, with rubber insulation, in a rubber oil and petrol resistant sheath not spreading burning.
ELECTRICAL LUMINARIES 
7.3.76. Electrical luminaries can be used in explosion hazardous areas, provided that the level of their explosion protection or protection class rating correspond to the table 7.3.12 or are higher.

7.3.77. In rooms with the explosion hazardous areas of any class with an environment for which luminaries with the required explosion protection level are not available, it is allowed to implement lighting with luminaries of general purpose (without explosion protection means) by one of the following methods:
a) through fixed windows without transoms and window leaves, outside of a building; in this case, if windows have a single glass, luminaries must have protective glasses or glass enclosures;

b) through recesses with double glazing specially constructed in walls and ventilation of recesses with natural forcing by external air;
c) through bay windows of special type with luminaries installed in the ceiling with double glazing and ventilation of bay windows with natural forcing by external air;
d) in casings blown with clean air under excess pressure. At places where breaking of glasses is possible, armored glass should be used for glazing of casings;
e) by dint of lighting devices with slot light conduits.

SWITCHGEARS, TRANSFORMER SUBSTATIONS AND CONVERTER SUBSTATIONS
7.3.78. It is prohibited to install switchgears up to 1 kV and higher, transformer substations and converter substations with electrical equipment of general purpose (without explosion protection means) directly in the explosion hazardous areas of any class. They must be installed in separate rooms conforming to the requirements of 7.3.79-7.3.86, or outdoors, outside of explosion hazardous areas.
Separate columns and cabinets of control of electrical motors with apparatuses and devices in enclosures specified in the table 7.3.11 can be installed in the explosion hazardous areas of any class. It is recommended to limit the number of such columns and cabinets where possible.

Outside of explosion hazardous areas single apparatuses, single columns and cabinets of control should be used without explosion protection means.
7.3.79. Transformers can be installed both inside of a substation and outside of the building where the substation is located.

7.3.80. Switchgears, transformer substations (including integrated transformer substations) and converter substations can be constructed with two or three walls adjoining explosion hazardous areas with light combustible gases and volatile flammable liquids of classes В-Iа and В-Iб and the explosion hazardous areas of classes В-II and В-IIа.
It is prohibited to build them with one wall adjoining the explosion hazardous area of class B-I, as well as explosion hazardous areas with heavy and liquefied combustible gases of classes В-Iа and В-Iб. 

7.3.81. It is prohibited to locate switchgears, transformer substations and converter substations directly above and under rooms with the explosion hazardous areas of any class (see also chapter 4.2).

7.3.82. It is recommended to construct the windows of switchgears, transformer substations and converter substations adjoining an explosion hazardous area with glass blocks at least 10 cm thick.
7.3.83. It is recommended to construct switchgears, transformer substations (including integrated transformer substations) and converter substations with one wall adjoining an explosion hazardous area in the presence of explosion hazardous areas with light combustible gases and volatile flammable liquids of classes B-I, В-Iа and В-Iб and in the presence of the explosion hazardous areas of classes В-II and В-IIа.

7.3.84. Switchgears, transformer substations (including integrated transformer substations) and converter substations feeding installations with heavy and liquefied combustible gases, as a rule, must be constructed separately at the distances from the walls of rooms adjoined by the explosion hazardous areas of classes В-I and В-Iа, and from external explosion hazardous installations according to the table 7.3.13.

If it is not expedient to construct detached buildings for switchgears, transformer substations and converter substations from technical and economical point of view, it is allowed to build switchgears, transformer substations and converter substations with one wall adjoining an explosion hazardous area. In this case, in switchgears, transformer substations and converter substations the floor level, as well as the bottom of cable channels and pits, must be higher than the floor level of the adjoining room with an explosion hazardous area and the surface of surrounding land by not less than 0.15 m. This requirement does not apply to oil collecting pits under transformers. The requirements of 7.3.85 must be met as well.

7.3.85. Switchgears, transformer substations (including integrated transformer substations) and converter substations with one or more walls adjoining an explosion hazardous area must comply with the following requirements:

1. Switchgears, transformer substations and converter substations must have their own supply and exhaust ventilation system, independent from rooms with explosion hazardous areas. The ventilation system must be constructed in a way to prevent ingress of explosion hazardous mixtures into switchgears, transformer substations and converter substations through ventilation openings (e.g. by dint of proper location of devices for supply and exhaust systems).
Table 7.3.13

Minimum permissible distance from detached switchgears, transformer substations and converter substations to rooms with explosion hazardous areas and outdoor explosion hazardous installations 
	Rooms with explosion hazardous areas and explosion hazardous installations to which the distance is determined
	Distance from switchgears, transformer substations and converter substations, m

	
	indoor
	outdoor

	With heavy and liquefied combustible gases

	Rooms with an incombustible wall without apertures and devices for discharge of air from an exhaust ventilation system facing switchgears, transformer substations and converter substations 
	10
	15

	Rooms with the wall with apertures facing switchgears, transformer substations and converter substations 
	40
	60

	Outdoor explosion hazardous installations, installations located near the walls of buildings (including tanks)
	60
	80

	Tanks (gasholders), discharge and loading gantries with enclosed discharging and loading devices
	80
	100

	With light combustible gases and volatile flammable liquids, with combustible dust or fibers

	Rooms with an incombustible wall without apertures and devices for discharge of air from exhaust ventilation systems facing switchgears, transformer substations and converter substations 
	Not rated
	0.8 (to outdoor transformers)

	Rooms with the wall with apertures facing switchgears, transformer substations and converter substations 
	6
	15

	Outdoor explosion hazardous installations, installations located near the walls of buildings (including tanks)
	12
	25

	Discharge and loading gantries with enclosed devices for discharging and loading of volatile flammable liquids
	15
	25

	Discharge and loading gantries with exposed devices for discharging and loading of volatile flammable liquids
	30
	60

	Tanks with volatile flammable liquids
	30
	60

	Tanks (gasholders) with combustible gases
	40
	60


Notes: 
1. The distances, presented in the table, are measured from the walls of rooms where an explosion hazardous area occupies the whole volume of the room, from tank walls or from the most projecting parts of outdoor explosion hazardous installations to the walls of indoor and the guards of outdoor switchgears, transformer substations and converter substations. The distances to underground tanks, as well as to the walls of the closest rooms adjoined by an explosion hazardous area, which occupies a part of the volume of the room, can be reduced by 50%.  
2. For rational use and saving of lands, detached switchgears, transformer substations and converter substations (for rooms with explosion hazardous areas and outdoor explosion hazardous installations with light combustible gases and volatile flammable liquids, with combustible dust or fibers) can be used as an exception, when due to process requirements it is not possible to use switchgears, transformer substations and converter substations adjoining an explosion hazardous area.

3. Installations with liquefied ammonia should be classified as installations with light combustible gases and volatile flammable liquids.

2. In switchgears, transformer substations and converter substations adjoining with one wall the explosion hazardous area of class B-I, as well as explosion hazardous areas with heavy and liquefied combustible gases of classes В-Iа and В-Iб supply ventilation with mechanical forcing with five-fold change of air per hour building up in switchgears, transformer substations and converter substations a small excess pressure, which prevents the ingress of explosion hazardous mixtures in them, must be implemented.

Receiving devices for external air must be located at places where the formation of explosion hazardous mixtures is excluded.

3. The walls of switchgears, transformer substations and converter substations which adjoin explosion hazardous areas must be constructed of an incombustible material and have a fire resistance rating of not less than 0.75 h, be dust and gas proof, and be without doors and windows.
4. In the walls of switchgears, transformer substations and converter substations adjoined by explosion hazardous areas with light combustible gases and volatile flammable liquids of classes В-Iа and В-Iб, as well as explosion hazardous areas of classes В-II and В-IIа, it is allowed to construct openings for cables and conduits of wiring to switchgears, transformer substations and converter substations. Input openings must be tightly closed up with incombustible materials. 
Input of cables and wiring conduits into switchgears, transformer substations and converter substations from the explosion hazardous areas of class В-I and from explosion hazardous areas with heavy and liquefied combustible gases of classes В-Iа and В-Iб must be implemented through external walls or through adjoining walls of rooms without explosion hazardous areas.

5. Outputs from switchgears, transformer substations and converter substations must be implemented in accordance with the SNiP 21-01-97 Fire Safety of Buildings and Structures of the Russian Federation Construction Committee.

6. The horizontal and vertical distances from external doors and walls of switchgears, transformer substations and converter substations to the external doors and windows of rooms located in the explosion hazardous areas of classes В-I, В-Iа and В-II must not be less than 4 m to fixed windows and not less than 6 m to doors and opened windows. The distance to windows glassed with glass blocks 10 cm thick and more is not rated.

7.3.86. In transformer substations and converter substations with one or more walls adjoining an explosion hazardous area, transformers with cooling by incombustible liquid must be used, as a rule. Transformers with oil cooling must be located in separate chambers. Chamber doors must have a fire resistance rating of not less than 0.6 h. The doors of chambers fitted with ventilations with mechanical forcing must have ledge sealing; transformers must be rolled out only outside.
Sealed transformers with a reinforced tank, without an expansion tank, with closed inputs and output devices (e.g. the transformers of integrated transformer substations and integrated converter substations) with cooling by incombustible liquid and oil can be installed in a common room with a switchgear up to 1 kV and higher without separating transformers from a switchgear by partitions.

Transformers can be rolled out from integrated transformer substation and integrated converter substation rooms outside or into an adjoining room.

7.3.87. The distances from outdoor explosion hazardous installations and the walls of rooms adjoined by the explosion hazardous areas of all classes, except for classes В-Iб and В-IIа, to detached switchgears, transformer substations and converter substations must be assumed as per the table 7.3.13. The distances from the walls of rooms adjoined by the explosion hazardous areas of classes В-Iб and В-IIа to detached switchgears, transformer substations and converter substations should be assumed in accordance with the SNiP II-89-80* (edition 1995) General Plans of Industrial Enterprises of the Russian Federation Construction Committee, depending on the fire resistance rating of buildings and structures.
7.3.88. In detached switchgears, transformer substations and converter substations feeding electrical installations with heavy or liquefied combustible gases and located outside of distances presented in the table 7.3.13, neither the floor must be raised nor the supply ventilation with mechanical forcing must be constructed. 

7.3.89. If the requirements of 7.3.84 and 7.3.85, clause 2.6 with heavy and liquefied combustible gases or 7.3.85, clause 6 with light gases and volatile flammable liquids are met for detached switchgears, transformer substations and converter substations, such switchgears, transformer substations and converter substations can be located at any distance from explosion hazardous installations, but not less than the distances presented in the SNiP II-89-80* (edition 1995) (see also 7.3.87).

7.3.90. It is prohibited to lay pipelines with fire and explosion hazardous substances, as well as harmful and caustic substances through switchgears, transformer substations and converter substations. 

7.3.91. For the rooms of instrumentation and automated control system boards and control panels with one or more walls adjoining an explosion hazardous area or for detached ones, the same requirements that are applied to switchgear rooms located in a similar way are imposed.
WIRINGS, CURRENT DISTRIBUTORS AND CABLE LINES 
7.3.92. Use of uninsulated conductors, including current distributors to cranes, tackles, etc. is prohibited in the explosion hazardous areas of any class.

7.3.93. Wires and cables with copper cores must be used in the explosion hazardous areas of classes В-I and В-Iа. In explosion hazardous areas of classes В-Iб, В-Iг, В-II and В-IIа it is allowed to use wires and cables with aluminum cores.

7.3.94. Conductors of power, lighting and secondary circuits in mains up to 1 kV in the explosion hazardous areas of classes В-I, В-Iа, В-II and В-IIа must be protected against overloads and short circuits, and their sections must be selected in accordance with chapter 3.1, but they must not be less than the section assumed as per rated current.

In the explosion hazardous areas of classes В-Iб and В-Iг protection of wires and cables and selection of sections must be carried out as for explosion safe installations.

7.3.95. Wires and cables in mains higher than 1 kV laid in the explosion hazardous areas of any class must be checked for heating by short circuit current.

7.3.96. Protection of feed lines and electrical appliances higher than 1 kV connected to them must comply with the requirements of chapters 3.2 and 5.3. Protection against overloads must be implemented regardless of the power of an electrical appliance.

In contrast to the requirements of 5.3.46 and 5.3.49, protection against multiphase short circuits and overload must be a two-relay one.

7.3.97. Conductors of tappings to electrical motors with a short-circuited rotor up to 1 kV must be protected against overloads and their sections must be rated for a sustained load of not less than 125% of the rated current of an electrical motor on all occasions (except for those located in the explosion hazardous areas of classes В-Iб and В-Iг).

7.3.98. For electrical lighting in the explosion hazardous areas of class B-1 two-wire group lines must be used (see also 7.3.135). 

7.3.99. In two-wire lines with a zero operational conductor located in the explosion hazardous areas of class B-I the phase and zero operational conductors must be protected against short circuit currents. Two-pole breakers must be used for simultaneous disconnection of phase and zero operational conductors.

7.3.100. Zero operational and zero protection conductors must have insulation equal to the insulation of phase conductors.

7.3.101. For a flexible current distributor up to 1 kV in the explosion hazardous areas of any class a portable flexible cable with copper cores, with rubber insulation, in a rubber oil and petrol resistant sheath not spreading burning, should be used.

7.3.102. In the explosion hazardous areas of any class the followings can be used:

a) wires with rubber and polyvinylchloride insulation;

b) cables with rubber, polyvinylchloride and paper insulation in rubber, polyvinylchloride and metal sheaths. 

Use of cables with an aluminum sheath in the explosion hazardous areas of class В-I and В-Iа is prohibited.

Use of wires and cables with a polyethylene insulation or sheath is prohibited in the explosion hazardous areas of all classes.

7.3.103. Connection, branch-joint and pull boxes for wiring must: 

a) have the level “explosionproof electrical equipment” and conform to the category and group of an explosion hazardous mixture in the explosion hazardous area of class B-I;

b) be designed for explosion hazardous areas with mixtures of combustible dusts or fibers with air in the explosion hazardous area of class B-II. It is allowed to use boxes with the level “explosionproof electrical equipment” with the type of the explosion protection “explosionproof enclosure” designed for gas, vapor and air mixtures of any categories and groups;
c) be explosionproof for appropriate categories and groups of explosion hazardous mixtures in the explosion hazardous areas of classes В-Iа and В-Iг. For lighting mains it is allowed to use boxes in an enclosure with protection class rating IP65; 

d) have an enclosure with protection class rating IP54 in explosion hazardous areas of classes В-Iб and В-IIа. Until the industry begins large-scale manufacture of boxes with enclosure protection class rating IP54, boxes with enclosure protection class rating IP44 can be used.

7.3.104. Input of wires laid in conduits into machines, apparatuses, luminaries, etc. must be carried out together with the conduit; in this case, a dividing seal assembly must be installed at the input of the conduit if such a sealing is not available at the input device of a machine, apparatus or luminary.

7.3.105. At the place of passage of wiring conduits from a room with the explosion hazardous area of class B-I or B-Ia to a room with normal environment or to the explosion hazardous area of another class, with another category or group of explosion hazardous mixture, or outside, the conduit with wires must have a dividing seal assembly in a box intended for this purpose at a place of passage through the wall.

In the explosion hazardous areas of classes В-Iб, В-II and В-IIа installation of dividing seal assemblies is not required.

Dividing seal assemblies are installed:

a) close to the place of entrance of a conduit into an explosion hazardous area;

b) at the place of passage of a conduit from the explosion hazardous area of one class to the explosion hazardous area of another class in the room of the explosion hazardous area of a higher class;

c) at the place of passage of a conduit from one explosion hazardous area to another one of the same class in the room of the explosion hazardous area with a higher category or group of the explosion hazardous mixture.

It is allowed to install dividing seal assemblies on the side of an explosion safe area or outdoors, if the installation of the dividing seal assembly in the explosion hazardous area is not possible.

7.3.106. Use of connection and branch-joint boxes for installation of dividing seal assemblies is not allowed.

7.3.107. Dividing seal assemblies installed in wiring conduits must be tested with an air excess pressure of 250 kPa (about 2.5 at) for 3 min. In this case, the drop of pressure is allowed to not more than 200 kPa (about 2 at). 

7.3.108. Exposed cables installed in the explosion hazardous areas of any class (on structures, walls, in channels, tunnels, etc.) must not have external covers and coatings of combustible materials (jute, bitumen, cotton braiding, etc.).

7.3.109. The length of cables higher than 1 kV laid in explosion hazardous areas of any class should be limited where possible.

7.3.110. When laying cables in explosion hazardous areas of classes В-I and В-Iа with heavy or liquefied combustible gases, construction of cable channels should be avoided, as a rule. If the construction of channels is necessary, they must be filled up with sand.
Permissible sustained currents for cables covered with sand must be assumed as per the appropriate tables of chapter 1.3, as for overhead cables taking into account correction factors for the number of operating cables as per the table 1.3.26.

7.3.111. In the explosion hazardous areas of any class it is prohibited to install connection and branch cable joints, except for intrinsically safe circuits.

7.3.112. Inputs of cables into electrical machines and apparatuses must be implemented by dint of input devices. The places of inputs must be sealed.

Input of wiring in conduits into machines and apparatuses having only inputs for cables is prohibited.

In the explosion hazardous areas of classes В-Iа and В-IIа for heavy duty machines without input joints it is allowed to install sealing ends of any type in cabinets with protection class rating IP54 located at places accessible only for maintenance staff, and insulated from an explosion hazardous area (e.g. in foundation pits meeting the requirements of 7.3.61).

7.3.113. If in an explosion hazardous area a cable is laid in a steel conduit, at the place of passage of the conduit from this area to an explosion safe area or to a room with an explosion hazardous area of another class, or with another category or group of explosion hazardous mixture, conduit with the cable must have a dividing seal assembly at the place of passage through the wall and comply with the requirements of 7.3.105 and 7.3.107.
A dividing seal assembly is not installed if:

a) a conduit with a cable goes outside, and further up, cables are laid openly;

b) a conduit is used for protection of a cable at places of possible mechanical impact and its both ends are located within one explosion hazardous area.

7.3.114. Openings in walls and in floor for passage of cables and wiring conduits must be tightly closed up with incombustible materials.

7.3.115. It is prohibited to lay transit wirings and cable lines of all voltages which do not pertain to this technological process (production process) through explosion hazardous areas of any class as well as at horizontal and vertical distances of less than 5 m from the explosion hazardous area. It is allowed to lay them at horizontal and vertical distances of less than 5 m from an explosion hazardous area, provided that additional measures are taken, e.g. installation in conduits, enclosed ducts, in floors.

7.3.116. In lighting mains in rooms with the explosion hazardous area of class B-I installation of group lines is prohibited. Only branches from group lines can be laid.

It is also recommended to lay group lighting lines in rooms with the explosion hazardous areas of classes В-Iа, В-Iб, В-II and В-IIа outside of explosion hazardous areas. If it is difficult to follow this recommendation (e.g. in production rooms of large sizes), the number of connection and branch-joint boxes installed on these lines in explosion hazardous areas must be minimized where possible.

7.3.117. Wirings connected to electrical equipment with the type of explosion protection “intrinsically safe electrical circuit” must comply with the following requirements:

1) intrinsically safe circuits must be separated from other circuits in compliance with the requirements of the GOST 22782.5-78*;
2) use of one cable for intrinsically safe and intrinsically hazardous circuits is not allowed;

3) wires of high frequency intrinsically safe circuits must be without loops; 

4) insulation of intrinsically safe circuit wires must have a distinctive blue color. It is allowed to mark with blue color only wire ends;

5) wires of intrinsically safe circuits must be protected from interference compromising their intrinsically safety.

7.3.118. Permissible methods of cable and wire installation within explosion hazardous areas are presented in the table 7.3.14.

7.3.119. Use of busbars in the explosion hazardous areas of classes В-I, В-Iг, В-II and В-IIа is prohibited.

Table 7.3.14

Permissible methods of cable and wire installation within explosion hazardous areas
	Cable and wires
	Method of laying
	Mains higher than 1 kV
	Power mains and secondary mains up to 1 kV 
	Lighting mains up to 380 V

	Armored cables
	Exposed – on the walls and construction structures on brackets and cable structures; in ducts, trays, on strands, cables and process gantries; in channels; enclosed - underground (in trenches), in blocks 
	In the areas of any class

	Unarmored cables in rubber, polyvinylchloride or metal sheath
	Exposed – without mechanical and chemical effects; on the walls and construction structures on brackets and cables structures; in trays, on strands 
	В-Iб, В-IIа, В-Iг
	В-Iб, В-IIа, В-Iг
	B-Iа, В-Iб, В-IIа, В-Iг

	
	In dustproof channels (e.g. covered with asphalt) or in channels filled up with sand
	В-II, В-IIа
	В-II, В-IIа
	В-II, В-IIа

	
	Exposed - in ducts
	В-Iб, В-Iг
	В-Iа, В-Iб, В-Iг
	В-Iа, В-Iб, В-Iг

	
	Exposed and enclosed – in steel water and gas pipes
	In the areas of any class

	Insulated wires
	Idem
	Idem


Note. All methods of installation of wires and cables listed in the table are allowed for intrinsically safe circuits in explosion hazardous areas.
In the explosion hazardous areas of classes В-Iа and В-Iб use of busbars is allowed, provided that the following conditions are observed:

a) buses must be insulated;

b) in the explosion hazardous areas of class B-Ia buses must be of copper; 

c) fixed connections of buses must be made by welding or pressing;

d) bolted connections (e.g. at places of connection of buses to apparatuses and between sections) must be fitted with devices preventing self-unfastening;

e) busbars must be protected by metal enclosures assuring a protection class rating of not less than IP31. Enclosures must be opened only by dint of special (socket) keys. 

7.3.120. Laying of cables outdoors between explosion hazardous areas is recommended: on gantries, strands, on building walls, etc. avoiding, where possible, to lay cables in underground cable structures (channels, blocks, tunnels) and in trenches.

7.3.121. On the racks of pipelines with combustible gases and volatile flammable liquids, in addition to auxiliary cables (for control of valves of pipelines, alarm, dispatching systems, etc.) it is allowed to lay up to 30 armored and unarmored power and control cables, steel water and gas pipelines with insulated wires.

Unarmored wires must be laid in steel water and gas pipes or in steel ducts.

Armored cables should be used with rubber, polyvinylchloride and metal sheaths not spreading burning. It is recommended to select these cables without bedding. In this case, the steel conduits of wiring, steel conduits and ducts with unarmored cables and armored cables should be laid at a distance of not less than 0.5 m from pipelines, on the side of pipelines with incombustible substances where possible.

Construction structures of racks and galleries must comply with the requirements of chapter 2.3.

If the number of cables exceeds 30, they should be laid on cable racks and galleries (see chapter 2.3). It is allowed to construct cable racks and galleries on common construction structures with pipelines with combustible gases and volatile flammable liquids implementing fire prevention measures. Installation of unarmored cables is allowed.

7.3.122. Cable racks can intersect racks with pipelines for combustible gases and volatile flammable liquids both above and underneath, regardless of density of transported gases relative to air.

With the number of cables up to 15, at the place of intersection it is allowed not to construct cable racks; cables can be laid in a pipe block or in a tightly closed up steel duct with a thickness of duct wall of not less than 1.5 mm.
7.3.123. Cable racks and their intersections with the racks of pipelines for combustible gases and volatile flammable liquids must comply with the following requirements:

1. All building elements of cable racks (supports, flooring, guards, roof and others) must be constructed of incombustible materials.

2. At the place of intersection plus up to 1.5 m to both sides from external dimensions of a rack with pipeline for combustible gases and volatile flammable liquids, the cable rack must be constructed in the form of an enclosed gallery. If a cable rack passes below the rack with pipelines for combustible gases and volatile flammable liquids, the floor of the latter must have openings for evacuation of heavy gases which have come into it.
Enclosing structures of cable racks crossing racks with pipelines for combustible gases and volatile flammable liquids must be incombustible and comply with the requirements of chapter 2.3.

3. At the place of intersection, the racks of pipelines with combustible gases and volatile flammable liquids must be without repair platforms and flange connections, compensators, stop valves, etc. must not be installed on the pipeline.

4. At the place of intersection cable joints must not be installed on cables.

5. The clear distance between pipelines with combustible gases and volatile flammable liquids and a cable rack or a pipe block with cables or electrotechnical utilities must not be less than 0.5 m.

7.3.124. Outdoor cable channels can be constructed at a distance of not less than 1.5 m from the walls of rooms with the explosion hazardous areas of all classes. At the place of entry to the explosion hazardous areas of these rooms, channels must be filled up with sand on the length of not less than 1.5 m.
7.3.125. In cable channels passing through the explosion hazardous area of class В-Iг or in the territory from one explosion hazardous area to another, sand bulks at least 1.5 m long must be installed on the top every 100 m.
7.3.126. In the explosion hazardous areas of any class cables can be laid in blocks. Output openings for cables from blocks and block joints must be tightly closed up with incombustible materials.

7.3.127. It is not recommended to construct cable tunnels at enterprises with explosion hazardous areas. If required, cable tunnels can be constructed, provided that the following conditions are observed:

1. As a rule, cable tunnels must be laid outside of explosion hazardous areas.

2. At approaches to explosion hazardous areas cable tunnels must be separated from them by an incombustible partition with a fire resistance rating of 0.75 h.

3. Openings for cables and wiring conduits brought to an explosion hazardous area must be tightly closed up with incombustible materials.

4. Fire prevention measures must be implemented in cable tunnels (see 2.3.122).

5. Exits from a tunnel as well as outputs of ventilation shafts of the tunnel must be located outside of explosion hazardous areas.

7.3.128. Exposed current distributors up to 1 kV and higher with a flexible and rigid construction can be laid in the territory of an enterprise with explosion hazardous areas only on specially designed racks and supports.

Laying of exposed current distributors on the racks with pipelines for combustible gases and volatile flammable liquids and on the racks of instrumentation and automated control systems is prohibited.

7.3.129. Current distributors up to 10 kV in an enclosure with protection class rating IP54 can be laid in the territory of an enterprise with explosion hazardous areas on special racks, on the racks with pipelines for combustible gases and volatile flammable liquids and on the racks of instrumentation and automated control systems, if there are no harmful interferences for instrumentation and automated control system circuits from current distributors. Current distributors should be laid at a distance of not less than 0.5 m from pipelines on the side of pipelines with incombustible substances, where possible.

7.3.130. The minimum permissible distances from current distributors to rooms with explosion hazardous areas and to outdoor explosion hazardous installations are presented in the table 7.3.15.

7.3.131. The permissible distances from cable racks to rooms with explosion hazardous areas and to outdoor explosion hazardous installations:

a) with transit cables – see the table 7.3.15;
b) with cables designed for this production facility (building) - are not rated.

Table 7.3.15

Minimum permissible distance from current distributors (flexible and rigid) and from cable racks with transit cables to rooms with explosion hazardous areas and to outdoor explosion hazardous installations 
	Rooms with explosion hazardous areas and explosion hazardous installations to which the distance is determined
	Distance, m

	
	from current distributors
	from cable racks

	With heavy and liquefied combustible gases

	Rooms with an incombustible wall without apertures and devices for discharge of air from exhaust ventilation systems facing current distributors and cable racks
	10
	Not rated

	Rooms with the wall with apertures facing current distributors and cable racks
	20
	9

	Outdoor explosion hazardous installations, installations located near the walls of a building (including tanks)
	30
	9

	Tanks (gasholders)
	50
	20

	With light combustible gases and volatile flammable liquids, with combustible dust or fibers

	Rooms with an incombustible wall without apertures and devices for discharge of air from exhaust ventilation systems facing current distributors and cable racks
	10 or 6 (see note, clause 2)
	Not rated

	Rooms with the wall with apertures facing current distributors and cable racks
	15
	9 or 6 (see note, clause 2)

	Outdoor explosion hazardous installations, installations located near the walls of a building (including tanks)
	25
	9

	Discharge and loading gantries with enclosed devices for discharging and loading of volatile flammable liquids
	25
	20

	Tanks (gasholders) with combustible gases
	25
	20


Notes: 1. Access of fire engines to a cable rack is allowed only from one side of the rack.
2. The minimum permissible distances of 6 m are applied for buildings and structures of the I and II fire resistance ratings with explosion hazardous production facilities, provided that the conditions specified in the SNiP for designing of general plans of industrial enterprises are observed.
3. The distances specified in the table are measured from the walls of rooms with explosion hazardous areas, from the walls of tanks or from the most projecting parts of outdoor explosion hazardous installations.

Ends of branches from cable racks for laying cables to rooms with explosion hazardous areas or to outdoor explosion hazardous installations can directly adjoin the walls of rooms with explosion hazardous areas or outdoor explosion hazardous installations.

NEUTRAL GROUNDING AND GROUNDING

7.3.132. The requirements for permissibility of use of dead-earth grounded and insulated neutrals in electrical installations up to 1 kV presented in 1.7.38 are applied to the explosion hazardous areas of any class in rooms and to outdoor explosion hazardous installations. When using an insulated neutral, a signal operating automatic system of insulation monitoring and a film cutout serviceability monitoring system must be used.

7.3.133. In the explosion hazardous areas of classes B-I, B-Iа and B-II it is recommended to use a shutoff protection (see chapter 1.7). In the explosion hazardous areas of any class potential compensation must be implemented according to 1.7.47. 

7.3.134. In the explosion hazardous areas of any class the followings are subject to neutral grounding (grounding) as well:

a) electrical installations for all voltages of alternative and direct currents by way of amendment to 1.7.33;

b) electrical equipment installed on neutral grounded (grounded) metal structures which in accordance with 1.7.48, clause 1 can not be neutral grounded (grounded) in explosion safe areas. This requirement does not apply to electrical equipment installed inside the neutral grounded (grounded) bodies of cabinets and panels.

Conductors, designed for this purpose, must be used as zero protecting (earthing) conductors.

7.3.135. In electrical installations up to 1 kV with a dead-earth grounded neutral the neutral grounding of electrical equipment must be implemented:

a) in power circuits in the explosion hazardous areas of any class – with a separate core of a cable or a wire;

b) in lighting mains in the explosion hazardous areas of any class, except for class B-I – in the section from a luminary to the closest branch-joint box – with a separate conductor connected to the zero operational conductor in the branch-joint box;

c) in lighting mains in the explosion hazardous area of class B-I – with a separate conductor laid from a luminary to the closest group panel;

d) in the section of the main from a switchgear and transformer substation located outside of an explosion hazardous area to the board, block, distribution point, etc. also located outside of the explosion hazardous area, from which power is supplied to electrical appliances located within the explosion hazardous areas of any class, it is allowed to use the aluminum sheath of feed cables as a zero protective conductor.
7.3.136. Zero protective conductors in all segments of the main must be laid in common sheaths, conduits, ducts, bundles with phase conductors.

7.3.137. In electrical installations up to 1 kV and higher with an insulated neutral, earthing leads can be laid both in a common sheath with the phase conductors and separately from them.
Grounding lines must be connected to grounding electrodes in two or more different places and, where possible, on the opposite ends of the room.

7.3.138. Use of metal structures of buildings, structures of production design, steel conduits of wiring, metal sheaths of cables, etc. as zero protective (insulating) conductors is allowed only as an additional measure.
7.3.139. For an automatically cut off a failed section in electrical installations up to 1 kV with a dead-earth grounded neutral, the conductivity of zero protective conductors must be selected so that upon the fault to frame or zero protective conductor, a short circuit current, exceeding the rated current of the fuse link by not less than fourfold and not less than sixfold of the current of releaser of the circuit breaker with the current inverse characteristics, occurs.
When protecting mains with circuit breakers having only an electromagnetic releaser (without time lag), the requirements related with short circuit current ratio and presented in 1.7.79 should be followed.

7.3.140. Calculation check of the total resistance of a loop phase-zero in electrical installations with voltage up to 1 kV with a dead-earth grounded neutral must be used for all electrical appliances located in the explosion hazardous areas of classes B-I and B-II, and on a selective basis (but not less than 10% of the total number) for electrical appliances located in the explosion hazardous areas of classes B-Iа, B-Iб, B-Iг and ВIIа and having the maximum resistance of the loop phase-zero.

7.3.141. Passages of specially laid zero protective (grounding) conductors through the walls of rooms with explosion hazardous areas must be constructed in pipe lengths or apertures. Openings for conduits and apertures must be sealed with incombustible materials. It is not allowed to connect zero protective (grounding) conductors at the places of passage.

LIGHTNING PROTECTION AND STATIC DISCHARGE PROTECTION 
7.3.142. Protection of buildings, structures and outdoor installations with explosion hazardous areas from direct lightning strokes and its secondary effects must be implemented in accordance with the RD 34.21.122-87 Instruction on Installation of Lightning Protection for Buildings and Structures of the Ministry of Energy of the USSR.
7.3.143. Protection of installations against static discharge must be implemented in accordance with the applicable regulatory documents.

Chapter 7.4

ELECTRICAL INSTALLATIONS IN FIRE HAZARDOUS AREAS

SCOPE

7.4.1. The present chapter of the Code covers electrical installations located in fire hazardous areas indoors and outdoors. These electrical installations must also comply with the requirements of other sections of the Code to the extent they were not changed by the present chapter.

Selection and installation of electrical equipment (machines, apparatuses, devices) and mains for fire hazardous areas are carried out in accordance with the present chapter of the Code on the basis of classification of combustible materials (liquids, dusts and fibers).

Requirements to electrical installations of residential and public buildings are presented in chapter 7.1, and to electrical installations of entertainment enterprises, club institutions and sports facilities – in chapter 7.2.

DEFINITIONS. GENERAL REQUIREMENTS
7.4.2. A fire hazardous area is a space inside and outside of rooms within the limits of which combustible (burnable) substances are permanently or regularly handled, and in which they can be present during a normal technological process or its breakdowns.

Classification of fire hazardous areas is presented in 7.4.3-7.4.6.
7.4.3. Areas of class П-I are areas located in rooms where combustible liquids with a flash temperature higher than 61 °C (see 7.3.12) are handled.

7.4.4. Areas of class П-II are areas located in rooms where generated combustible dust or fibers with the lower concentration inflammability limit of more than 65 g/m3 to air volume evolve.

7.4.5. Areas of class П-IIа are areas located in rooms where solid combustible substances are handled.

7.4.6. Areas of class П-III are areas located outside of the rooms of area where combustible liquids with a flash temperature higher than 61 °C or solid combustible substances are handled.
7.4.7. Areas in rooms and the areas of outdoor installations within the limits up to 5 m on horizontal and vertical planes from a device where combustible substances are permanently or regularly handled, but the technological process is maintained with use of open fire, red-hot parts or processing units have surfaces heated to the temperature of self-ignition of combustible vapors, dusts or fibers are not classified as fire hazardous with regard to their electrical equipment. The class of environment in rooms or the environment of outdoor installations outside of the limits of this 5 m area should be determined depending on technological processes used in this environment.

Areas in rooms and the areas of outdoor installations where solid, liquid and gaseous combustible substances are burned as fuel or recycled by burning are not classified as fire hazardous in regards to their electrical equipment.

7.4.8. Areas in the rooms of exhaust fans, as well as in the rooms of supply fans (if supply systems operate with use of air recirculation), servicing the rooms with the fire hazardous areas of class П-II are also classified as the fire hazardous areas of class П-II. 

Areas in rooms of local suction fans are classified as the fire hazardous areas of the same class as the area serviced by them.

Electrical motors for fans installed outside of external guarding structures and servicing the fire hazardous areas of class П-II and the fire hazardous areas of any class of local suction are selected as for the fire hazardous area of class П-III.

7.4.9. Determination of borders and class of fire hazardous areas must be carried out by the technologists together with the electricians of a design and operating organization.
In rooms with production facilities (and storages) of category B electrical equipment must, as a rule, comply with the requirements of chapter 7.4 imposed to electrical installations in fire hazardous areas of an appropriate class.

7.4.10. With the location of single fire hazardous equipment in rooms and outdoor installations, when special measures against fire spread are not implemented, the area within the limits of 3 m on horizontal and vertical planes from this equipment is a fire hazardous area.

7.4.11. When selecting electrical equipment installed in fire hazardous areas, it is also necessary to take into account the environment conditions (chemical activity, atmospheric precipitates, etc.).

7.4.12. Fixed contact joints in the fire hazardous areas of any class must be made with welding, pressing, brazing, screwing or with use of any other similar method. Dismountable contact joints must be fitted with devices for prevention of self-unfastening.

7.4.13. Protection of buildings, structures and outdoor installations, including fire hazardous areas, from direct lightning strokes and its secondary effects, as well as the grounding of equipment installed in them (metal vessels, pipelines, etc.) containing combustible liquids, powder or fibrous materials, etc., for prevention of spark generation due to static discharge, must be implemented in accordance with applicable standards for design and construction of lightning protection of buildings and structures and protection of installations against static discharge.
In the fire hazardous areas of any class measures must be taken for removal of static charges from equipment.

7.4.14. Electrical equipment in fire hazardous areas must be grounded in accordance with chapter 1.7.

ELECTRICAL MACHINES 
7.4.15. In the fire hazardous areas of any class electrical machines with voltage classes up to 10 kV can be used, provided that their enclosures have protection class rating as per the GOST 17494-72* of not less than the one presented in the table 7.4.1.

In fire hazardous areas electrical machines blown by clean air with closed or open cycle ventilation can be used.
With closed cycle ventilation, the ventilation system must include a device for compensation of losses of air and build up of excess pressure in machines and air-ducts.
The enclosure class rating for protection against water ingress (the 2nd figure of designation) can be changed depending on the conditions of environment where machines are installed.

Until the electrotechnical industry begins large-scale manufacture of large synchronous machines, direct current machines and static converter devices in enclosures with protection class rating IP44, it is allowed to use machines and units with a protection class rating of not less than IP20 in the fire hazardous areas of class П-IIа.

7.4.16. Air for ventilation of electrical machines must not contain vapors and dust of combustible substances. Discharge of exhaust air by the ventilation system with open cycle to a fire hazardous area is not allowed.
Table 7.4.1

Minimum permissible protection class rating of electrical machine enclosures depending on fire hazardous area class 
	Type of installation and operation conditions
	Enclosure protection class rating for fire hazardous area of class

	
	П-I
	П-II
	П-IIа
	П-III

	Stationary installed machines generating sparks or with sparking parts as per operation conditions
	IP44
	IP54*
	IP44
	IP44

	Stationary installed machines not generating sparks or without sparking parts as per operation conditions
	IP44
	IP44
	IP44
	IP44

	Machines with parts generating sparks and not generating sparks as per operation conditions mounted on mobile units and installations (cranes, telfers, electrocars, etc.) 
	IP44
	IP54*
	IP44
	IP44


____________

* Until the electrotechnical industry begins large-scale manufacture of machines with enclosure protection class rating IP54, machines with enclosure protection class rating IP44 can be used.

7.4.17. The electrical equipment of portable electric hand tools in the fire hazardous areas of any class must have a protection class rating of not less than IP44; enclosure protection class rating IP33 is allowed, provided special process requirements for repair of equipment in fire hazardous areas are met.

7.4.18. Electrical machines with parts normally generating sparks as per operation conditions (e.g. electrical motors with slip rings) must be installed at a distance of not less than 1 m from the places of location of combustible substances or separated from them by an incombustible screen.

7.4.19. For mechanisms installed in fire hazardous areas it is allowed to use electrical motors with a lower protection class rating of the enclosure than that presented in the table 7.4.1 under the following conditions:

electrical motors must be installed outside of fire hazardous areas;

a unit must be driven by dint of a shaft passing through the wall with a packing seal installed in it.

ELECTRICAL APPARATUSES AND DEVICES 
7.4.20. In fire hazardous areas electrical apparatuses, devices, cabinets, terminal blocks with an enclosure protection class rating as per the GOST 14255-69* of not less than that presented in the table 7.4.2 can be used.

Table 7.4.2

Minimum permissible protection class rating of enclosures of electrical apparatuses, devices, cabinets, terminal blocks depending on fire hazardous area class 
	Type of installation and operation conditions 
	Enclosure protection class rating for the fire hazardous area of class 

	
	П-I
	П-II
	П-IIа
	П-III

	Mounted  stationary or on mobile units and installations (cranes, telfers, electrocars, etc.) generating sparks as per operation conditions
	IP44 
	IP54 
	IP44 
	IP44 

	Mounted  stationary or on mobile units and installations, not generating sparks as per operation conditions
	IP44 
	IP44
	IP44 
	IP44 

	Cabinets for installation of apparatuses and devices 
	IP44 
	IP54*
IP44**
	IP44 
	IP44 

	Boxes of terminal blocks of power and secondary circuits
	IP44 
	IP44 
	IP44 
	IP44 


__________

* With installation of apparatuses and devices generating sparks as per operation conditions. Until the electrotechnical industry begins large-scale manufacture of cabinets with enclosure protection class rating IP54, cabinets with enclosure protection class rating IP44 can be used.
** With installation of apparatuses and devices not generating sparks as per operation conditions.

Enclosure class rating for protection against water ingress (the 2nd figure of designation) can be changed depending on the conditions of environment where apparatuses and devices are installed.

7.4.21. Apparatuses and devices installed in cabinets can have a lower protection class rating of enclosure than that presented in the table 7.4.2 (including the enclosure IP00), provided that cabinets have an enclosure protection class rating of not less than the one presented in the table 7.4.2 for this fire hazardous area.

7.4.22. In the fire hazardous areas of any class, apparatuses, devices, cabinets and terminal blocks blown with clean air under excess pressure can be used.

7.4.23. In the fire hazardous areas of any class oil-filled apparatuses and devices (except for oxygen installations and lifting gears for which use of these apparatuses and devices is prohibited) can be used. 

7.4.24. It is recommended to bring the panels and breakers of lighting mains out of the fire hazardous areas of any class if it does not cause substantial increase in cost and consumption of nonferrous metals.  

Electrical installations of locked storage rooms, where the fire hazardous areas of any class are available, must be fitted with devices for remote switching off of power and lighting mains regardless of the availability of cutoff apparatuses inside rooms. Cutoff devices must be installed in a box of incombustible materials with a gadget for sealing on the enclosing structure of incombustible materials, and if the latter is not available – on a separate support.
Cutoff devices must be accessible for maintenance at anytime.

7.4.25. If operation conditions require electrical heaters in the fire hazardous areas of any class, their heated operating parts must be protected against contact with combustible substances, and the devices themselves must be installed on the surface of incombustible materials. For protection against the thermal radiation of electrical heaters it is necessary to install screens of incombustible materials.

In the fire hazardous areas of any class of storage rooms, as well as in the buildings of archives, museums, galleries, libraries (except for specially designed rooms, e.g. refreshment rooms) use of electrical heaters is prohibited.

ELECTRICAL LIFTING MECHANISMS
7.4.26. Protection class rating of enclosures of electrical equipment used for cranes, tackles and similar devices must conform to tables 7.4.1-7.4.3.

7.4.27. Current leads to lifting mechanisms (cranes, tackles, etc.) in the fire hazardous areas of classes П-I and П-II must be implemented with a portable flexible cable with copper cores, with rubber insulation, in a sheath resistant to the environment. In the fire hazardous areas of classes П-IIа and П-III it is allowed to use trolleys and trolley busbars, but they must not be located above the place of location of combustible substances. 

Table 7.4.3

Minimum permissible protection class ratings of luminaries depending on fire hazardous area class 
	Light sources installed in luminaries 
	Luminary protection class rating for the fire hazardous area of class

	
	П-I 
	П-II 
	П-IIа, as well as П-II with presence of local lower suctions and general ventilation  
	П-III

	Filament lamps
	IP53 
	IP53 
	2’3 
	2’3 

	ДРЛ lamps 
	IP53 
	IP53 
	IP23
	IP23 

	Luminescent lamps 
	5’3 
	5’3 
	IP23
	IP23 


Note. Enclosure class ratings for protection against water ingress (the 2nd figure of designation) can be changed depending on the conditions of environment where luminaries are installed.
SWITCHGEARS, TRANSFORMER SUBSTATIONS AND CONVERTER SUBSTATIONS 
7.4.28. Installation of switchgears up to 1 kV and higher in the fire hazardous areas of any class in not recommended. If it is necessary to install a switchgear in fire hazardous areas protection class rating of its elements (cabinets, etc.) must correspond to the table 7.4.2.

7.4.29. In the fire hazardous areas of any class, except for the fire hazardous areas of storage rooms, as well as the buildings and rooms of archives, museums, art galleries, libraries, the open installation of integrated transformer substations, integrated converter substations with dry transformers and with incombustible filler, as well as integrated capacitor assemblies with incombustible filler of capacitors is allowed in the areas fenced in with meshes. In this case, protection class rating of the enclosures of cabinets of integrated transformer substations, integrated converter substations and integrated capacitor assemblies must not be less than IR41. The distances from integrated transformer substations, integrated converter substations and integrated capacitor assemblies to the fence are assumed in accordance with chapter 4.2.

In the fire hazardous areas of any class, except for the fire hazardous areas of storage rooms, as well as the rooms of archives, museums, art galleries and libraries built-in and adjoining integrated transformer substations and integrated converter substations with oil-filled transformers and substations with oil-filled transformers in enclosed chambers constructed in accordance with the requirements of chapters   4.2 and 7.4.30 can be installed.

7.4.30. Substations with oil-filled transformers can be built-in and adjoined, provided that the following conditions are observed:
1. Doors and ventilation openings of oil-filled transformer chambers must not give into fire hazardous areas.

2. Openings in walls and on the floor at places of passage of cables and wiring conduits must be tightly closed up with incombustible materials.

3. The exit from a substation with oil-filled transformers installed in chambers to a fire hazardous area must be constructed only from the room of a switchgear up to 1 kV. In this case, the door must be self-closing and have a fire resistance rating of not less than 0.6 h.
4. The exit from the rooms of integrated transformer substations and integrated converter substations to a fire hazardous area, as well as the transportation of the transformers of integrated transformer substations and integrated converter substations through the fire hazardous area is allowed. In this case, the door must be as specified in clause 3, and the gate must be with a fire resistance rating of not less than 0.6 h.

Note. Switchgears, transformer substations, converter substations are considered as built-in, if they have two or three common walls (partitions) with adjoining rooms with fire hazardous areas, and adjoining, if they have only one common wall (partition) with the said rooms.
7.4.31. Oil-filled electrical equipment (transformers, capacitor banks, breakers, etc.) can be installed at a distance of not less than 0.8 m from the external wall of a building with fire hazardous areas, provided that the horizontal and vertical distances from apertures in the building wall to the installed electrical equipment is not less than 4 m.
ELECTRICAL LUMINARIES 
7.4.32. In fire hazardous areas luminaries must be used with a protection class rating of not less than that presented in the table 7.4.3.

7.4.33. Construction of luminaries with ДРЛ lamps must exclude falling out of lamps from them. Luminaries with filament lamps must have solid silicate glass protecting the lamp. They must be without reflectors and diffusers of combustible materials. In any class fire hazardous areas of storage rooms, luminaries with luminescent lamps must be without reflectors and diffusers of combustible materials.

7.4.34. Wiring inside luminaries with filament lamps and ДРЛ lamps to the place of connection of external conductors must be implemented with heat-resisting wires.

7.4.35. Portable luminaries in the fire hazardous areas of any class must have a protection class rating of not less than IP54; the glass housing of a luminary must be protected with a metal mesh.

WIRINGS, CURRENT DISTRIBUTORS, OVERHEAD AND CABLE LINES

7.4.36. In the fire hazardous areas of any class cables and wires must have coating and sheath of material not spreading burning. Use of cables with combustible polyethylene insulation is not allowed.

7.4.37. It is prohibited to lay transit wirings and cable lines of all voltages which do not pertain to this technological process (production process) through fire hazardous areas of any class as well as at horizontal and vertical distances of less than 1 m from the fire hazardous area.
7.4.38. Use of uninsulated wires is prohibited in the fire hazardous area of any class (see 7.4.27, 7.4.43 for exception). 
7.4.39. In the fire hazardous areas of any class all types of cable and wire installation is permitted. The distance from cables and insulated wires laid openly directly on structures, on insulators, trays, strands, etc. to combustible substances stored (located) openly must not be less than 1 m.  

Unprotected insulated wires with aluminum cores in the fire hazardous areas of any class must be laid in conduits and ducts. 

7.4.40. On the racks with pipelines for combustible gases and liquids running in the territory with the fire hazardous area of class П-III, insulated wires can be laid in steel conduits, unarmored cables - in steel conduits and ducts, armored cables – openly. In this case, the steel conduits of wiring, steel conduits and ducts with unarmored cables and armored cables should be laid at a distance of not less than 0.5 m from pipelines, on the side of pipelines with incombustible substances, where possible.

7.4.41. For mobile electrical appliances portable flexible cables with copper cores, with rubber insulation, in a sheath resistant to the environment must be used.

7.4.42. Connecting and branch-joint boxes used for wiring in the fire hazardous areas of any class must have a protection class rating of not less than IP43. They must be fabricated of steel or another strong material, and their dimensions must assure an easy assembling and the reliability of wire connection. 

Parts of boxes fabricated of metal must have internal insulating lining or reliable painting. Plastic parts, except for those used in the group main of lighting, must be fabricated of nonflammable plastic. 

7.4.43. In the fire hazardous areas of classes П-I, П-II and П-IIа it is allowed to use busbars up to 1 kV with copper and aluminum buses with protection class rating IP20 and higher; in this case, in the fire hazardous areas П-I and П-II all buses, including tapping buses, must be insulated. In busbars with protection class rating IP54 and higher buses can not be insulated.

Fixed contact joints must be welded, and dismountable contact joints must have gadgets preventing self-unfastening.  

Temperature of all elements of busbars, including branch-joint boxes, installed in the fire hazardous areas of class П-I must not exceed 60 °С. 

7.4.44. Branch-joint boxes with switching and protective devices, as well as detachable contact joints can be used in the fire hazardous areas of all classes. In this case, branch-joint boxes installed on busbars, including the places of cable (wire) input and the places of contact with busbars, must have protection class rating IP44 and higher for the fire hazardous areas of classes П-I and П-IIа, IP54 and higher – for the areas of class П-II.

Table 7.4.4

Open surface warehouses for storage of materials and substances, finished products and equipment  
	Warehouses 
	Capacity, area  

	Coal, peat, coarse forage (hay, straw), flax, hemp, cotton, grain
	More than 1,000 t 

	Timber, firewood, wood chips, sawdust
	More than 1,000 m3

	Combustible liquids
	More than 3,000 m3

	Finished products and equipment in combustible packing
	More than 1 ha 


Table 7.4.5

Minimum distance from the axis of a high-voltage line up to 1 kV with uninsulated wires of aluminum, aluminum-steel or aluminum alloys to the boarders of surface warehouses listed in the table 7.4.4.
	Height of suspension of the upper wire of a high-voltage line above ground level, m
	Minimum distance, m, at rated wind speed, m/s (wind zone)

	
	16(I)
	18(II)
	21(III)
	24(IV)
	27(V)
	30(VI)
	33(VII)

	Up to 7
	17 
	19 
	27 
	31 
	36 
	41 
	46 

	7.5
	18 
	20 
	31 
	33 
	38 
	43 
	48 

	8
	19 
	21 
	35 
	35 
	40 
	45 
	50 

	9
	20.5 
	23 
	37 
	37 
	43 
	49 
	53 

	10
	22 
	24 
	40 
	40 
	46 
	53 
	57 


For the areas of classes П-I and П-II, an advance cutoff of the tapping circuit at the moment of switching of detachable contact joints must be provided.
In the rooms of archives, museums, art galleries, libraries, as well as in the fire hazardous areas of storage rooms, it is prohibited to use detachable contact joints, except for joints in temporary mains during exposition demonstration.

7.4.45. The distances from the axis of a high-voltage line to fire hazardous areas must be selected as per 2.4.64 and 2.5.163, except for distances from high-voltage lines up to 1 kV with uninsulated wires of aluminum, aluminum-steel or aluminum alloys to open surface warehouses listed in the table 7.4.4. The distance from the axis of a high-voltage line to warehouses listed in the table 7.4.4 must not be less than that presented in the table 7.4.5; this requirement does not apply to high-voltage lines of external lighting located in the territory of warehouses.
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ELECTROHEAT INSTALLATIONS
SCOPE
7.5.1. The present chapter of the Code covers production and laboratory installations of electrical furnaces and electrical heaters of alternative current of industrial – 50 Hz, reduced lower than – 50 Hz, increased-medium – up to 30 kHz, high - from 30 kHz to 300 MHz and superhigh frequency – from 300 MHz to 300 GHz and of direct (rectified) current:
arc furnaces of direct (including vacuum arc ones), indirect action and combined heating with the conversion of electric energy into heat energy in electric arc and in the resistance of fusion mixture including ore-thermal (ore-smelting, ferro-alloy) furnaces, as well as plasma heating and melting furnaces; 

induction heating (including hardening) and melting (crucible and hot air) furnaces; 

dielectric heating furnaces;

direct and indirect resistance furnaces (with any material of a heater: solid and liquid), including furnaces of electroslag melting1, casting and facing, as well as the furnaces of electrode furnaces of flux melting for the above-mentioned versions of electroslag furnaces;
electron-beam furnaces;

ion furnaces;

laser furnaces.

The requirements of the present chapter of the Code apply to all elements of electrical installations of the above-mentioned types of electrical furnaces and electrical heaters of any constructions, designs and modes of operation, as well as with any media (air, vacuum, inert gas, etc.) and pressures in their work chambers.

_________________

1 Arc process only with “solid start” of electroslag melting furnaces and only an extremely short period of time, on average about 1% of the melting period, at that, “solid start” in electroslag melting is used rarely, and in electroslag casting and electroslag facing it is not used at all. At arc process flux melting (slag melting) furnaces also operate during a relatively short period of time.
7.5.2. In addition to the requirements of this chapter, electroheat installations and electrical and other equipment used in them must also comply with the requirements of sections 1-6 to the extent they were not changed by the present chapter.

Definitions
7.5.3. An electroheat installation is a complex of functionally related elements: specialized electroheat and other electrical, as well as mechanical equipment, facilities of control, automatics and instrumentation assuring the performance of appropriate technological process.
Depending on their design and structural variation electroheat installations include: cable lines, wirings and current distributors between installation elements, as well as pipelines of water cooling and hydraulic drive systems; pipelines for compressed air, nitrogen, argon, helium, hydrogen, carbon dioxide and other gases, water vapor or vacuum, ventilation and gas purification systems, as well as the elements of construction structures (foundations, working sites, etc.).
7.5.4. Electroheat equipment is an electotechnical equipment designed for conversion of electric energy into heat energy with the purpose of heating (melting) materials.
Electroheat equipment includes electrical furnaces and electrical heaters (devices, apparatuses). Electrical furnaces are different from electrical heaters in that they have a chamber or a bath.

In the versions of electroheat installations listed in 7.5.1, in electroheat equipment making part of these installations electric energy is converted into the heat one, mainly, by three methods: 

directly in the given elements (element) of this circuit or between given elements (e.g. almost completely or partially between one or several electrodes and fusion mixture, ingot) at alternative current of industrial or reduced frequency, direct current, and with the use in plasma furnaces of induction plasma burners – at the current of high and superhigh frequency;

as a result of creation at the given element (elements) of specified circuit of electromagnetic field or electrical field with subsequent transformation of field energy into heat energy in heated (melted) material;   

by dint of formation of the flow of electrons, ions or laser beam with impact (the type is determined by technological requirements) on processed material, as a rule, on its surface.

As per the rated value, operating voltage of electroheat installations is divided into three classes: 

up to 50 V of alternative current or 110 V of direct current;

more than the above-mentioned voltage up to 1,600 V of alternative or direct current; 

more than 1,600 V of alternative current or direct current.

7.5.5. A furnace transformer or converter substation is a substation making part of an electroheat installation performing functions and containing elements specified in chapters 4.2 and 4.3.

7.5.6. A furnace power transformer (transformer unit) or autotransformer is a transformer or autotransformer of an electroheat installation converting electric energy of alternative current from the main voltage to the operating voltage of an electrical furnace (electrical heater) respectively.
A furnace converter transformer is a transformer transmitting electric energy to the converter (rectifier) device of an electroheat installation.

7.5.7. A furnace breaker is a breaker switching the main alternative current circuits of an electroheat installation, operation and protection or operation breaker which functions are presented in 7.5.10.
GENERAL REQUIREMENTS 
7.5.8. Categories of electrical appliances of the main equipment and auxiliary mechanisms, as well as the volume of redundancy of the electrical part must be determined taking into account peculiar features of an electroheat installation and the requirements that the applicable standards, norms and codes impose to the equipment of electroheat installations, systems of supply of water, gases, compressed air, creation and maintenance of pressure or underpressure in working chambers.
It is recommended to classify electrical appliances of electroheat installations of the following workshops and areas of custom-built products as the III category: forging, stamp, mechanical, machine-assembly and painting workshops and areas; tool, welding, precast concrete, woodworking and carpenter, experimental, repair workshops and areas (sections and shops), as well as laboratories, test centers, garages, depots and administration buildings.
7.5.9. It is recommended to fit electroheat installations where electric energy is converted into heat energy at direct current, alternative current of reduced, increased-medium, high and superhigh frequency with converters connected to feeding electrical mains of general purpose directly or through separate furnace (power, converter) transformers.
It is also recommended to fit the electroheat installations of industrial frequency with arc furnaces (regardless of their voltage and power) and installations with induction and resistance furnaces1 operating at voltage which differs from the voltage of electrical main of general purpose with furnace (power) transformers or autotransformers or with one-phase induction and resistance furnaces of unit power – 0.4 MW and more, and with three-phase ones – 1.6 MW and more.
Converters and furnace (converter) transformers (autotransformers), as a rule, must have the secondary voltage in accordance with the requirements of technological process, and the primary voltage of electroheat installations must be selected with technical-economic expediency taken into account.
Furnace transformers (autotransformers) and converters, as a rule, must be fitted with devices of voltage regulation, when it is required as per conditions of the technological process.
___________________

1 Hereinafter in chapter 7.5, electrical heaters are also meant in addition to electrical furnaces.
7.5.10. The primary circuit of each electroheat installation, as a rule, must include the following switching and protection devices depending on the voltage of the feeding electrical main of industrial frequency:

up to 1 kV – a breaker (knife-breaker with arc-suppression contacts, packet switch) at the input and fuses, or a unit breaker-fuse or a circuit breaker with electromagnetic and heat releasers;
higher than 1 kV – a disconnecting link (isolating switch, detachable contact connection of a switchgear and control gear) at the input and an operational and protection breaker or a disconnecting link (isolating switch, detachable contact connection of a switchgear and control gear) and two breakers – operational and protection breakers.

For connection of an electroheat device with a power less than 1 kW to an electrical main up to 1 kV it is allowed to use at the input push-on detachable contact connectors joined to the line (trunk or radial) which protection device is installed in the power (lighting) point or panel.

In the primary circuits of electroheat installations with a voltage up to 1 kV it is allowed to use knife-breakers without arc-suppression contacts as switching devices, provided that they carry out switching without load.

Breakers with voltage higher than 1 kV of operational and protection design in electroheat installations, as a rule, must carry out operations of switching on and off of electroheat equipment (furnaces and heaters) in accordance with operation particular features of its work and protection from short circuits and abnormal modes of operation.
Operational breakers with voltage higher than 1 kV of electroheat installations must perform operational and a part of protection functions which volume is determined during specific designing, but they must not be used for protection against short circuits (except for operational short circuits which can not be removed in case of failure of the furnace automatic control system), which must be performed by protection breakers.

Operational and protection breakers and operational breakers with voltage higher than 1 kV can be installed both on furnace substations and in workshop (plant, etc.) switchgears.

It is allowed to install one protection breaker for protection of a group of electroheat installations.

7.5.11. In electrical circuits with a voltage higher than 1 kV with the number of switching operations on average five cycles of switching on and off per day and more, special breakers of increased mechanical and electrical wear resistance conforming to the requirements of applicable standards must be used.
7.5.12. It is recommended to distribute the electrical load of several one-phase electrical appliances of an electroheat installation connected to an electrical main of general purpose between three phases of the main so that in all possible operation modes the asymmetry of voltages caused by their load does not generally exceed the values permissible by the applicable standards.
In cases, when with a selected point of connection of one-phase electrical appliances of an electroheat installation to the main of general purpose, this condition is not observed and, at the same time, it is not expedient (as per cost-performance ratio) to connect these electrical appliances to a more powerful electrical main (i.e. to the point of the main with a greater short circuit power), it is recommended to fit the electroheat installation with a balancer set or parametrical power supply or install switching devices which allow the possibility of reallocation of load of one-phase electrical appliances between the phases of a three-phase main (with an infrequent occurrence of asymmetry during operation).

7.5.13. Electrical load of an electroheat installation, as a rule, must not cause the anharmonicity of voltage curve in electrical mains of general purpose, with which the requirement of the applicable standard is not met. If required, it is recommended to fit furnace step-down or converter substations and feeding them workshop (plant) transformer substations with filters of the highest and, in restrained terms, lowest harmonics, or implement other measures reducing the distortion of an electrical main voltage form.
7.5.14. Electrical power factor of an electroheat installation connected to electrical mains of general purpose, as a rule, must not be less than 0.98. It is recommended to fit electroheat installations with unit power of 0.4 MW and more which natural electrical power factor is less than specified value with individual compensating devices which should not be included in the electroheat installation if the technical-economic calculations reveal decisive superiority of group compensation.
7.5.15. For electroheat installations connected to electrical mains of general purpose for which capacitor banks are used as compensating devices, the diagram of connection of capacitors (in parallel or in series with electroheat equipment), as a rule, should be selected on the basis of technical-economic calculations, the nature of change of installation inductance load and the form of voltage curve determined by the content of the upper harmonics.

7.5.16. The voltage of furnace (including converter) substations, as well as internal workshop substations, the number and power of transformers, autotransformers, converters and reactors, both the dry ones and filled with oil or an environmentally safe incombustible liquid, installed in them, the height (elevation) of their location with regard to the floor of a building first story, the distance between the chambers with oil-filled equipment of different substations are not limited, provided that nearby only two chambers (rooms) with oil-filled equipment of furnace transformer or converter substations can be located divided by a wall with the fire resistance rating specified in 7.5.22 for bearing walls;  the distance to two1 similar chambers (rooms) located in one row with them with their total number up to six must not be less than 1.5 m; with their bigger number passages at least 4 m wide should be constructed after each six chambers (rooms).

________________

1 Or one with their total number of three or five.

7.5.17. The followings must be constructed under the oil-filled equipment of furnace substations:

with the weight of oil in one tank (pole) up to 60 kg – a threshold or access ramp for retention of the total volume;

with the weight of oil in one tank (pole) from 60 to 600 kg – a pit or an oil receiver for retention of the total volume of oil;

with the weight of oil of more than 600 kg – an oil receiver for 20% of oil volume with drainage to an oil sump tank.
The oil sump tank must be underground and located outside of buildings at a distance of not less than 9 m from walls with fire resistance rating I-II and not less than 12 m from walls with fire resistance rating III-IV in accordance with the SNiP 21-01-97 Fire Safety of Buildings and Structures.
The oil receiver must be covered with a metal grid on top of which a layer of washed sieved gravel or nonporous crushed stone at least 250 mm thick with particles from 30 to 70 mm should be put.

7.5.18. It is not allowed to locate rooms with permanent presence of people under the oil receiving devices. Under them, the control panel of an electroheat installation can be located only in a separate room with a protective waterproof ceiling excluding the ingress of oil into the control panel room, even with a remote probability of leak from any devices for oil receiving. The possibility of regular examination of the ceiling water proofing must be provided; the fire resistance rating of the ceiling must not be less than 0.75 h.
7.5.19. The capacity of an underground sump tank must not be less than the total volume of oil in the equipment installed in the chamber; with several chambers connected to the sump tank, it must not be less than the maximum total volume of oil in one chamber.

7.5.20. The internal diameter of oil drainage pipes connecting the oil receivers with the underground sump tank is determined by the formula
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where M is the weight of oil in the equipment located in a chamber (room) above a given oil receiver, t; 

n is the number of pipes laid from the oil receiver to the underground sump tank. This diameter must not be less than 100 mm.

On the side of the oil receivers oil drainage pipes must be covered with removable meshes of brass or stainless steel with cell dimensions 3 × 3 mm. If a turn of the route is required, the radius of the bend of a pipe (pipes) must not be less than five diameters of the pipe. At horizontal sections the pipe must have an inclination of not less than 0.02 towards the sump tank. In all conditions, the time of drainage of oil to the underground sump tank must be less than 0.75 h.

7.5.21. Chambers (rooms) with oil-filled electrical equipment should be fitted with automatic fire-fighting systems with the total amount of oil exceeding 10 t – for chambers (rooms) located at the level of the first floor and higher, and 0.6 t – for chambers (rooms) located below the level of the first floor.
In addition to the automatic mode of startup, these fire-fighting systems must also have manual modes of startup (local – for testing, and remote – from the control panel of an electroheat installation).

With the total amount of oil in the above-mentioned chambers (rooms) of less than 10 and 0.6 t, respectively, they must be fitted with a fire alarm.
7.5.22. When installing transformers, converters and other electrical equipment of an electroheat installation in the chamber of an intrashop furnace (including a converter one) substation or in another separate room (is not allowed to install the electrical equipment of electroheat installation with the total amount of oil of more than 60 kg in it outside of separate rooms – chambers - except for its location outside of buildings according to chapter 4.2), its construction structures must have fire resistance ratings of not less than the grade I as per the SNiP 21-01-97 depending on the weight of oil in this room.
7.5.23. Regardless of its rated voltage, the equipment of electroheat installations can be located directly in production rooms if its version conforms to the environmental conditions in this room.
In this case, in explosion hazardous, fire hazardous and external areas of rooms it is allowed to locate only that equipment of electroheat installation which has the levels and the types of explosion protection specified for this environment or appropriate enclosure protection class rating. 

Design and location of the equipment itself and guards must ensure the safety of the staff and exclude the possibility of mechanical damage of the equipment and accidental contact of the staff with live and rotating parts.

If the length of an electrical furnace, electrical heater or heated workpiece is so that installation of guards of live parts results in significant complication of construction or makes the maintenance of the electroheat installation difficult, around the furnace or heater it is allowed to install on the whole, a guard at least 2 m high with a blocking device excluding the possibility of the door opening prior to the installation switching off.
7.5.24. Power electrical equipment with a voltage up to 1.6 kV and higher pertaining to one electroheat installation (furnace transformers, static converters, reactors, furnace breakers, disconnecting links, etc.), as well as auxiliary equipment of hydraulic drives and cooling systems of furnace transformers and converters (pumps of closed systems of water and water-oil cooling, heat exchangers, absorption devices, fans, etc.) can be installed in one common room. These electrical equipment must have guards for exposed live parts, and operational control of switching device drives must be brought outside of the chamber limits. In justified cases, it is recommended to locate the electrical equipment of several electroheat installations in common electrical equipment rooms, e.g. in electrical machine rooms meeting the requirements of chapter 5.1.

7.5.25. It is recommended to locate the transformers, converters and units of an electroheat installation (motor-generator and static - ion and electrone ones, including semiconducting devices and oscillator tubes) at the minimum possible distance from electrical furnaces and electroheat devices (apparatuses) connected to them. If there is no other equipment in chambers, it is recommended to assume the minimum clear distances from the most projecting parts of a furnace transformer located at a height up to 1.9 m from the floor, to the walls of transformer chambers:
to the front wall of a chamber (from the side of the furnace or another electroheat device) - 0.4 m for transformers with a power of less than 0.4 MV·А, 0.6 m – from 0.4 to 12.5 МV·А and 0.8 – more than 12,5 МV·А;

to the side and rear walls of a chamber – 0.8 m with the power of a transformer of less than 0.4 MV·А, 1.0 m – from 0.4 to 12.5 МV·А and 1.2 m – more than 12.5 МV·А;

to an adjacent furnace transformer (autotransformer) – 1 m with a power up to 12.5 МV·А and 1.2 m – more than 12.5 МV·А for newly designed furnace substations, and 0.8 and 1 m – for retrofitted ones, respectively;

it is allowed to reduce the above-mentioned distances by 0.2 m on the length of not more than 1 m.

When installing furnace transformers and other equipment in a common chamber (according to 7.5.24), it is recommended to assume the width of passages and the distance between the equipment, as well as between the equipment and chamber walls by 10-20% more than the specified values.
7.5.26. Electroheat installations must be fitted with blocking devices ensuring a safe maintenance of electrical equipment and mechanisms of these installations, as well as the correct order of operational switching. The possibility of opening of doors located outside of electrical equipment rooms of cabinets, as well as the doors of chambers (rooms) with accessible for contact live parts must be provided only after removal of voltage from the installation; the doors must have a blocking device delivering a command for removal of voltage from the installation without a time lag.

7.5.27. Electroheat installation must be equipped with protection devices in accordance with chapters 3.1 and 3.2. Protection of arc furnaces and resistance arc furnaces must be implemented in accordance with the requirements specified in 7.5.46, for induction furnaces – in 7.5.54 (see also 7.5.38).
7.5.28. As a rule, electroheat installations must have automatic controllers of electrical mode of operation, except for electroheat installations in which their use is not expedient due to process and technical-economic reasons.
For installations in which during controlling of electrical mode (or protection against overload) it is necessary to take into account the value of alternative current, transformers (or other sensors) of current, should be, as a rule, installed on the side of low voltage. In electroheat installations with big values of current in the secondary current leads current transformers can be installed on the side of high voltage. In this case, if a furnace transformer has the variable ratio of transformation it is recommended to use matching units.
7.5.29. Instruments and protection devices, as well as control devices of an electroheat installation must be installed so that the possibility of their overheating (from heat radiation or due to other reasons) is excluded.
Boards and panels (apparatuses) of control of an electroheat installation must be, as a rule, located in places where monitoring production operations performed on installations is possible.
Direction of movement of the lever of the furnace inclination drive control device must correspond to the direction of inclination.
If an electroheat installation has significant dimensions and the field of view from the control panel is not sufficient, it is recommended to use optical, television or other devices for monitoring the technological process.

If there is a need, emergency buttons must be installed for remote switching off of the whole installation or its separate parts.

7.5.30. On control panels of an electroheat installation signaling of closed and open positions of operational switching devices (see 7.5.10) must be envisaged; in the installations with a unit power of 0.4 MW and more, it is also recommended to envisage signaling of the closed position of input switching devices.

7.5.31. When selecting sections of electroheat installation current distributors for currents of 1.5 kA of industrial frequency and for any currents of increased-medium, high and superhigh frequency including in the circuits of upper harmonic filters and in circuits of the reactive power stabilizator (thyristor-reactor group), the nonuniformity of current distribution both on the bus (cable) section and between separate buses (cables) must be taken into account.

The design of electroheat installation current distributors (in particular, of the secondary current distributors – “short mains” of electrical furnaces) must ensure:

The optimal reactive and active resistance;

rational distribution of current in conductors;

balancing resistances as per phases in accordance with the requirements of standards or specifications for separate kinds (types) of three-phase electrical furnaces or electroheat devices;
limiting electric energy losses in metal fasteners of buses, structures of installations and construction elements of buildings.

No closed metal contours must be around single buses and lines (in particular, when they pass through reinforced concrete partitions and inserted floors, as well as in constructing metal bearing structures, protecting screens, etc.). Current distributors for currents of an industrial frequency of more than 4 kA and for any currents of increased-medium, high and superhigh frequency must not be laid near the steel construction elements of buildings and structures. If it is not possible to avoid it, it is necessary to use nonmagnetic materials and materials with small magnetic force for appropriate construction elements and calculate losses of electric energy in them and the temperature of their heating. If required, it is recommended to construct screens.

For current distributors of alternative current with a frequency of 2.4 kHz, use of fasteners of magnetic materials is not recommended, and with a frequency of 4 kHz and higher – is not allowed, except for units of connection of buses to elements cooled by water. Supporting structures and protecting screens of such current distributors (except for structures for coaxial current distributors) must be fabricated of nonmagnetic materials and materials with small magnetic force.

Temperature of buses and contact joints with heating by electric current and external heat radiation taken into account, as a rule, must not exceed 90 °С. In justified cases, for the secondary current leads of retrofitted installations a temperature of 140 °С is allowed for copper buses, and 120 °С for aluminum buses; in this case, connections must be made by welding. Limiting temperature of buses at a given current load and as per environmental conditions must be checked with calculations. If required, forced air and water cooling should be used.

7.5.32. In installations of electrical furnaces and electrical heaters with a surgeless mode of operation, including arc furnaces of indirect action, plasma furnaces, furnaces with arc heating by resistance (see 7.5.1), of arc furnaces of direct action – vacuum arc ones (as well as autocrucible ones), induction and dielectric heating ones, resistance furnaces of direct and indirect heating, including the furnaces of electroslag melting, electroslag casting and electroslag facing, electron-beam furnaces, ion and laser furnaces, buses of aluminum or aluminum alloys must be generally used for rigid current distributors of the secondary current leads.
For rigid part of the secondary сurrent lead of the installations of electrical furnaces with impact load, in particular, steel-melting and iron-melting furnaces, it is recommended to use buses of aluminum alloy with increased mechanical and fatigue strength. It is recommended to implement the rigid current distributor of the secondary сurrent lead in circuits of alternative current of multi-pole packages of buses as an imbricated one with parallel alternating circuits of different phases or conducting and blocking directions of current.  

It is recommended to use the rigid one-phase current distributors of increased-medium frequency as imbricated and coaxial ones.

In justified cases, it is allowed to make rigid current distributors of the secondary current leads of copper.

A flexible current distributor on movable elements of electrical furnaces should be made of flexible copper cables or flexible copper tapes. For flexible current distributors for currents of 6 kA and more of industrial frequency and for any currents of increased-medium and high frequency, it is recommended to use flexible cables cooled with water.
7.5.33. Recommended permissible sustained currents are presented at load: by current of industrial frequency of current distributors of an imbricated package of rectangular buses - in tables 7.5.1-7.5.4, by current of increased-medium frequency of current distributors of two rectangular buses - in tables 7.5.5-7.5.6, coaxial current distributors of two concentric pipes - in tables 7.5.7-7.5.8, of cables of the grade АСГ – in the table 7.5.9 and of grade СГ - in the table 7.5.10.

Currents in tables are assumed taking into account the temperature of ambient air of 25 °С, rectangular buses – 70 °С, internal pipe - 75 °С, cable cores - 80 °С (the correction factors at another temperature of ambient air are presented in chapter 1.3 of the Electrical Installation Code).

The recommended current density in water-cooled rigid and flexible current distributors of industrial frequency is: for aluminum and of aluminum alloys – up to 6 A/mm2, copper – up to 8 A/mm2. The optimal current density in such current distributors, as well as in similar current distributors of increased-medium, high and superhigh frequencies must be selected as per the minimum presented expenses.
For the lines of increased-medium frequency, except for current distributors, it is recommended to use special coaxial cables (see also 7.5.53).

A coaxial cable КВСП-М (the rated voltage 2 kV) is designed for the following permissible currents:
f, kHz
0.5
2.4
4.0
8.0
10.0

I, А
400
360
340
300
290

Depending on the surrounding temperature, the following load factors kн are set for the cable КВСП-М: 

t, °С
5
30
35
40
45

kн
1.0
0.93
0.87
0.80
0.73

Table 7.5.1 

Permissible sustained current of industrial frequency of one-phase current distributors of the imbricated package of aluminum rectangular buses 
	Strip size, mm
	Current load, A, with the number of strips in a package

	
	2
	4
	6
	8
	12
	16
	20
	24

	100х10
	1,250
	2,480
	3,705
	4,935
	7,380
	9,850
	12,315
	14,750

	120х10
	1,455
	2,885
	4,325
	5,735
	8,600
	11,470
	14,315
	17,155

	140х10
	1,685
	3,330
	4,980
	6,625
	9,910
	13,205
	16,490
	19,785

	160х10
	1,870
	3,705
	5,545
	7,380
	11,045
	14,710
	18,375
	22,090

	180х10
	2,090
	4,135
	6,185
	8,225
	12,315
	16,410
	20,490
	24,610

	200х10
	2,310
	4,560
	6,825
	9,090
	13,585
	18,105
	22,605
	27,120

	250х10
	2,865
	5,595
	8,390
	11,185
	16,640
	22,185
	27,730
	33,275

	250х20
	3,910
	7,755
	11,560
	15,415
	23,075
	30,740
	38,350
	46,060

	300х10
	3,330
	6,600
	9,900
	13,200
	19,625
	26,170
	32,710
	39,200

	300х20
	4,560
	8,995
	13,440
	17,880
	26,790
	35,720
	44,605
	53,485


Notes: 1. In tables 7.5.1-7.5.4 currents are presented for unpainted buses, installed edgewise, with a gap between buses of 30 mm for buses 300 mm high and 20 mm for buses with a height of 250 mm and less.

2. The factors (k) of permissible sustained current load (for tables 7.5.1 and 7.5.3) of aluminum buses painted with oil paint or enamel varnish:

Number of strips in a package
2
3-4
6-9
12-16
20-24

k with the height of a strip, mm

100-120
1.25
1.18
1.15
1.14
1.13

140-160
1.24
1.16
1.14
1.10
1.09

180-300
1.23
1.15
1.12
1.09
1.07

3. The factor of reduction of permissible sustained current load for buses of the alloy АД31Т-0.94, of the alloy АД31Т-0.91.  
Table 7.5.2  

Permissible sustained current of industrial frequency of one-phase current distributors of the imbricated package of copper rectangular buses* 

	Strip size, mm
	Current load, A, with the number of strips in a package

	
	2
	4
	6
	8
	12
	16
	20
	24

	100х10
	1,880
	3,590
	5,280
	7,005
	10,435
	13,820
	17,250
	20,680

	120х10
	2,185
	4,145
	6,110
	8,085
	12,005
	15,935
	19,880
	23,780

	140х10
	2,475
	4,700
	6,920
	9,135
	13,585
	18,050
	22,465
	26,930

	160х10
	2,755
	5,170
	7,670
	10,150
	15,040
	19,930
	24,910
	29,800

	180х10
	3,035
	5,735
	8,440
	11,140
	16,545
	21,900
	27,355
	32,760

	200х10
	3,335
	6,300
	9,280
	12,220
	18,140
	24,065
	29,985
	35,910

	250х10
	4,060
	7,660
	11,235
	14,805
	21,930
	29,140
	36,235
	43,430

	300х10
	4,840
	9,135
	13,395
	17,670
	26,225
	34,780
	43,380
	51,700


* See notes for the table 7.5.1.

Table 7.5.3
Permissible sustained current of industrial frequency of three-phase current distributors of the imbricated package of aluminum rectangular buses* 

	Strip size, mm
	Current load, A, with the number of strips in a package

	
	3
	6
	9
	12
	18
	24

	100х10
	1,240
	2,470
	3,690
	4,920
	7,390
	9,900

	120х10
	1,445
	2,885
	4,300
	5,735
	8,560
	11,435

	140х10
	1,665
	3,320
	4,955
	6,605
	9,895
	13,190

	160х10
	1,850
	3,695
	5,525
	7,365
	11,025
	14,720

	180х10
	2,070
	4,125
	6,155
	8,210
	12,290
	16,405

	200х10
	2,280
	4,550
	6,790
	9,055
	13,565
	18,080

	250х10
	2,795
	5,590
	8,320
	11,095
	16,640
	22,185

	250х20
	3,880
	7,710
	11,540
	15,385
	23,010
	30,705

	300х10
	3,300
	6,580
	9,815
	13,085
	19,620
	26,130

	300х20
	4,500
	8,960
	13,395
	17,860
	26,760
	35,655


* See notes for the table 7.5.1.

Table 7.5.4  

Permissible sustained current of industrial frequency of three-phase current distributors of the imbricated package of copper rectangular buses*
	Strip size, mm
	Current load, A, with the number of strips in a package

	
	3
	6
	9
	12
	18
	24

	100х10
	1,825
	3,530
	5,225
	6,965
	10,340
	13,740

	120х10
	2,105
	4,070
	6,035
	8,000
	11,940
	15,885

	140х10
	2,395
	4,615
	6,845
	9,060
	13,470
	17,955

	160х10
	2,660
	5,125
	7,565
	10,040
	14,945
	19,850

	180х10
	2,930
	5,640
	8,330
	11,015
	16,420
	21,810

	200х10
	3,220
	6,185
	9,155
	12,090
	18,050
	23,925

	250х10
	3,900
	7,480
	11,075
	14,625
	21,810
	28,950

	300х10
	4,660
	8,940
	13,205
	17,485
	25,990
	34,545


* See notes for the table 7.5.1.

Table 7.5.5  

Permissible sustained current of increased-medium frequency of current distributors of two aluminum rectangular buses 
	Bus width, mm
	Current load, A, at frequency, Hz

	
	500
	1,000
	2,500
	4,000
	8,000
	10,000

	25
	310
	255
	205
	175
	145
	140

	30
	365
	305
	245
	205
	180
	165

	40
	490
	410
	325
	265
	235
	210

	50
	615
	510
	410
	355
	300
	285

	60
	720
	605
	485
	410
	355
	330

	80
	960
	805
	640
	545
	465
	435

	100
	1,160
	980
	775
	670
	570
	535

	120
	1,365
	1,140
	915
	780
	670
	625

	150
	1,580
	1,315
	1,050
	905
	770
	725

	200
	2,040
	1,665
	1,325
	1,140
	970
	910


Notes: 1. In tables 7.5.5 and 7.5.6 currents are presented for unpainted buses with an effective thickness equal to 1.2 of current penetration depth, with a gap between pins of 20 mm when buses are installed edgewise and laid on a horizontal plane.
2. The width of buses of current distributors which permissible sustained currents are presented in tables 7.5.5 and 7.5.6 must be equal to or more than the effective one; it should be selected based on the requirements to mechanical strength, range of sizes presented in standards or specifications.

3. The depth of current penetration h, with aluminum buses depending on the frequency of alternative current f:

f, kHz
0.5
1.0
2.5
4.0
8.0
10.0

h, mm
4.2
3.0
1.9
1.5
1.06
0.95

Table 7.5.6  

Permissible sustained current of increased-medium frequency of current distributors of two copper rectangular buses  
	Bus width, mm
	Current load, A, at frequency, Hz

	
	500
	1,000
	2,500
	4,000
	8,000
	10,000

	25
	355
	295
	230
	205
	175
	165

	30
	425
	350
	275
	245
	210
	195

	40
	570
	465
	370
	330
	280
	265

	50
	705
	585
	460
	410
	350
	330

	60
	835
	685
	545
	495
	420
	395

	80
	1,100
	915
	725
	645
	550
	515

	100
	1,325
	1,130
	895
	785
	675
	630

	120
	1,420
	1,325
	1,045
	915
	785
	735

	150
	1,860
	1,515
	1,205
	1,060
	910
	845

	200
	2,350
	1,920
	1,485
	1,340
	1,140
	1,070


Notes: The depth of current penetration h, with copper buses, depending on the frequency of alternative current f:

f, kHz
0.5
1.0
2.5
4.0
8.0
10.0

h, mm
3.3
2.4
1.5
1.19
0.84
0.75

See also notes 1 and 2 for the table 7.5.5.

Table 7.5.7 

Permissible sustained current of increased-medium frequency of current distributors of two aluminum concentric pipes
	Pipe external diameter, mm
	Current load, A, at frequency, Hz

	external
	internal
	0.5
	1.0
	2.50
	4.0
	8.0
	10.0

	150
	110
	1,330
	1,110
	885
	770
	640
	615

	
	90
	1,000
	835
	665
	570
	480
	455

	
	70
	800
	670
	530
	465
	385
	370

	180
	140
	1,660
	1,400
	1,095
	950
	800
	760

	
	120
	1,280
	1,075
	855
	740
	620
	590

	
	100
	1,030
	905
	720
	620
	520
	495

	200
	160
	1,890
	1,590
	1,260
	1,080
	910
	865

	
	140
	1,480
	1,230
	980
	845
	710
	675

	
	120
	1,260
	1,070
	840
	725
	610
	580

	220
	180
	2,185
	1,755
	1,390
	1,200
	1,010
	960

	
	160
	1,660
	1,390
	1,100
	950
	800
	760

	
	140
	1,425
	1,185
	940
	815
	685
	650

	240
	200
	2,310
	1,940
	1,520
	1,315
	1,115
	1,050

	
	180
	1,850
	1,550
	1,230
	1,065
	895
	850

	
	160
	1,630
	1,365
	1,080
	930
	785
	745

	260
	220
	2,530
	2,130
	1,780
	1,450
	1,220
	1,160

	
	200
	2,040
	1,710
	1,355
	1,165
	980
	930

	
	180
	1,820
	1,530
	1,210
	1,040
	875
	830

	280
	240
	2,780
	2,320
	1,850
	1,590
	1,335
	1,270

	
	220
	2,220
	1,865
	1,480
	1,275
	1,075
	1,020

	
	200
	2,000
	1,685
	1,320
	1,150
	960
	930


Note. In tables 7.5.7 and 7.5.8 current loads are presented for unpainted pipes with a wall thickness of 10 mm. 

Table 7.5.8  

Permissible sustained current of increased-medium frequency of current distributors of two copper concentric pipes
	Pipe external diameter, mm
	Current load, A, at frequency, Hz

	external
	internal
	0.5
	1.0
	2.50
	4.0
	8.0
	10.0

	150
	110
	1,530
	1,270
	1,010
	895
	755
	715

	
	90
	1,150
	950
	750
	670
	565
	535

	
	70
	920
	760
	610
	540
	455
	430

	180
	140
	1,900
	1,585
	1,240
	1,120
	945
	895

	
	120
	1,480
	1,225
	965
	865
	730
	690

	
	100
	1,250
	1,030
	815
	725
	615
	580

	200
	160
	2,190
	1,810
	1,430
	1,275
	1,075
	1,020

	
	140
	1,690
	1,400
	1,110
	995
	840
	795

	
	120
	1,460
	1,210
	955
	830
	715
	665

	220
	180
	2,420
	2,000
	1,580
	1,415
	1,190
	1,130

	
	160
	1,915
	1,585
	1,250
	1,115
	940
	890

	
	140
	1,620
	1,350
	1,150
	955
	810
	765

	240
	200
	2,670
	2,200
	1,740
	1,565
	1,310
	1,250

	
	180
	2,130
	1,765
	1,395
	1,245
	1,050
	995

	
	160
	1,880
	1,555
	1,230
	1,095
	925
	875

	260
	220
	2,910
	2,380
	1,910
	1,705
	1,470
	1,365

	
	200
	2,360
	1,950
	1,535
	1,315
	1,160
	1,050

	
	180
	2,100
	1,740
	1,375
	1,225
	1,035
	980

	280
	240
	3,220
	2,655
	2,090
	1,865
	1,580
	1,490

	
	200
	2,560
	2,130
	1,680
	1,500
	1,270
	1,200

	
	200
	2,310
	1,900
	1,500
	1,340
	1,135
	1,070


* See notes for the table 7.5.7.

Table 7.5.9  

Permissible sustained current of increased-medium frequency of grade АСГ cables for a voltage of 1 kV with one-phase load

	Current-conducting core section, mm2
	Current load, A, at frequency, Hz

	
	0.5
	1.0
	2.50
	4.0
	8.0
	10.0

	2х25
	100
	80
	66
	55
	47
	45

	2х35
	115
	95
	75
	65
	55
	50

	2х50
	130
	105
	85
	75
	62
	60

	2х70
	155
	130
	100
	90
	75
	70

	2х95
	180
	150
	120
	100
	85
	80

	2х120
	200
	170
	135
	115
	105
	90

	2х150
	225
	185
	150
	130
	110
	105

	3х25
	115
	95
	75
	60
	55
	50

	3х35
	135
	110
	85
	75
	65
	60

	3х50
	155
	130
	100
	90
	75
	70

	3х70
	180
	150
	120
	100
	90
	80

	3х95
	205
	170
	135
	120
	100
	95

	3х120
	230
	200
	160
	140
	115
	110

	3х150
	250
	220
	180
	150
	125
	120

	3х185
	280
	250
	195
	170
	140
	135

	3х240
	325
	285
	220
	190
	155
	150

	3х50+1х25
	235
	205
	160
	140
	115
	110

	3х70+1х35
	280
	230
	185
	165
	135
	130

	3х95+1х50
	335
	280
	220
	190
	160
	150

	3х120+1х50
	370
	310
	250
	215
	180
	170

	3х150+1х70
	415
	340
	260
	230
	195
	190

	3х185+1х70
	450
	375
	300
	255
	210
	205


Note. Current loads are presented based on the use: of one core for three-core cables in “conducting” direction, of two cores in “blocking” direction, of two cores located crosswise for four-core cables in “conducting” and "blocking” directions. 

Table 7.5.10 

Permissible sustained current of increased-medium frequency of grade СГ cables for a voltage of 1 kV with one-phase load*

	Current-conducting core section, mm2
	Current load, A, at frequency, Hz

	
	500
	1,000
	2,500
	4,000
	8,000
	10,000

	2х25
	115
	95
	76
	70
	57
	55

	2х35
	130
	110
	86
	75
	65
	60

	2х50
	150
	120
	96
	90
	72
	70

	2х70
	180
	150
	115
	105
	90
	85

	2х95
	205
	170
	135
	120
	100
	95

	2х120
	225
	190
	150
	130
	115
	105

	2х150
	260
	215
	170
	150
	130
	120

	3х25
	135
	110
	90
	75
	65
	60

	3х35
	160
	125
	100
	90
	75
	70

	3х50
	180
	150
	115
	105
	90
	85

	3х70
	210
	170
	135
	120
	105
	95

	3х95
	245
	195
	155
	140
	115
	110

	3х120
	285
	230
	180
	165
	135
	130

	3х150
	305
	260
	205
	180
	155
	145

	3х185
	340
	280
	220
	200
	165
	160

	3х240
	375
	310
	250
	225
	185
	180

	3х50+1х25
	290
	235
	185
	165
	135
	130

	3х70+1х35
	320
	265
	210
	190
	155
	150

	3х95+1х50
	385
	325
	250
	225
	190
	180

	3х120+1х50
	430
	355
	280
	250
	210
	200

	3х150+1х70
	470
	385
	310
	275
	230
	220

	3х185+1х70
	510
	430
	340
	300
	250
	240


* See notes for the table 7.5.9.

7.5.34. Dynamic ability at short circuit currents of electroheat installation rigid current distributors for the rated current of 10 kA and more must be calculated taking into account possible increase of electromagnetic forces at places of turns and intersections of buses. When determining the distances between supports of such a current distributor, the possibility of occurrence of partial or complete resonance must be checked.

7.5.35. For current distributors of electroheat installations for insulating supports of bus packages and liners between them, in electric circuits of direct and alternative current of industrial, reduced and increased-medium frequencies with a voltage up to 1 kV, it is recommended to use blocks or plates (sheets) of unimpregnated asbestos-cement, in voltage circuits from 1 to 1.6 kV – of hardened paper, fiber-glass plastic or heat-resistant plastic. In justified cases, such insulating materials can be used for voltage up to 1 kV. With a voltage up to 500 V it is allowed to use impregnated (boiled in stand oil) beech and birch timber in clean and nondusty rooms. For electrical furnaces with abruptly variable load the supports (cramps, gaskets) must be vibration resistive (with the oscillation frequency of effective current values of 0.5-20 Hz).

It is recommended to use the flat-topped section roll-formed shape of sheet nonmagnetic steel as metal parts of a cramp of a bus package of current distributors for 1.5 kA and more of alternative current of industrial frequency and for any currents of increased-medium, high and superhigh frequency. It is also allowed to use fabricated sections and silumin parts (except for cramps for heavy multistrip packages).

Table 7.5.11 

Resistance of insulation of the secondary current lead current distributors 
	Power of an electrical furnace or electrical heater, MV·A  
	Minimum resistance of insulation*, kΩ, for current distributors

	
	up to 1.0
	from 1.0 to 1.6
	from 1.6 to 3.0
	from 3.0 to 15

	Up to 5
	10
	20
	100
	500

	From 5 to 25
	5
	10
	50
	250

	From 25
	2.5
	5
	25
	100


_____________

*The resistance of insulation should be measured with a megaohmmeter for a voltage of 1.0 or 2.5 kV with the current distributor disconnected from the leads of a transformer, converter, switching devices, resistance heaters, etc. and removed electrodes and hoses of the water cooling system.
For a cramp it is recommended to use bolts and studs of nonmagnetic nickel-chromium, copper-zinc (brass) alloys.

Porcelain and glass supporting insulators must be used as insulating supports for current distributors of higher than 1.6 kV; in this case, with currents of 1.5 kA and more of industrial frequency and with any currents of increased-medium, high and superhigh frequency insulator attachments must be aluminum, as a rule. Insulator attachments must be made of nonmagnetic materials (materials with small magnetic force) or protected with aluminum screens.
Level of insulation electrical strength between buses of different polarity (different phases) of bus packages with rectangular or tubular conductors of the secondary сurrent leads of electroheat installations located in production rooms must comply with standards and/or specifications for individual kinds (types) of electrical furnaces or electrical heaters. If such data is not available, parameters in accordance with the table 7.5.11 must be assured during the commissioning of the installation.
As an additional measure for increase of the reliability of operation and achievement of the rated value of insulation resistance, it is recommended to additionally insulate secondary сurrent leads at places of cramps with insulating varnish or tape, and fix heat and mechanical resistive insulating liners between compensators of different phases (different polarity).

7.5.36. The clear distances between buses of different polarity (different phases) of a rigid current distributor of direct and alternative current must be within the limits presented in the table 7.5.12, and determined depending on the rated value of its voltage, current type and frequency.

Table 7.5.12 

Clear distance between the buses of the secondary сurrent lead current distributor1
	Room where the current distributor is laid
	Distance, mm, depending on current type, frequency and voltage of current distributors 

	
	Direct
	Alternative

	
	up to 1.6 kV
	from 1.6 to 3 kV
	0.05 kHz
	0.5-10 kHz
	from 10,000 Hz

	
	
	
	up to 1.6 kV
	from 1.6 to 3 kV
	up to 1.6 kV
	from 1.6 to 3 kV
	from 1.6 to 15 kV

	Dry nondusty
	12-25
	30-130
	15-20
	25-30
	15-20
	25-30
	40-140

	Dry dusty2
	16-30
	35-150
	20-25
	30-35
	20-25
	30-35
	45-150


__________

1 With a height of a bus up to 250 mm, with a greater height the distance can be increased by 5-10 mm.

2 Non-current-conducting dust.
7.5.37. Bridge, underhung, jib, and other similar cranes and tackles used in rooms with installation of resistance electrical heaters of direct action, arc furnaces of direct and combining heating – resistance arc furnaces with slip of self-baking electrodes without the installation switching off, must have insulating liners (providing three stages of insulation with a resistance of not less than 0.5 MΩ on each of them), excluding the possibility of connection with earth (through a hook or a cable of material-handling machines) of live elements of the installation.
7.5.38. System of ingoing cooling of equipment, apparatuses and other elements of electroheat installations must include facilities for monitoring the cooling system conditions.

It is recommended to install the following relays: signal operating pressure relays, jet relays and temperature relays (the two latter at the water output from elements cooled by it). When interruption of flow and overheating of cooling water may lead to the abnormal damage of the electroheat installation elements, automatic switching off of the installation must be envisaged.

A water cooling system - disconnected (from the water-supply network or from the enterprise reverse water supply) or closed (two-contour one with heat exchangers), individual or group system – must be selected taking into account the requirements to water quality presented in standards or specifications for the equipment of an electroheat installation.
Electroheat installation elements cooled by water of a disconnected system of cooling must be rated for the maximum of 0.6 MPa and the minimum of 0.2 MPa water pressure. If standards or specifications for equipment do not include other regulatory values, the quality of water must comply with the requirements: 

	Indicator
	Type of network – water supply

	
	Domestic-drinking water pipeline
	Enterprise reverse water supply

	Hardness, mg·eq/l, not more than:
	
	

	common
	7
	-

	carbonate
	-
	5

	Content, mg/l, not more than:
	
	

	suspended substances (turbidity)
	3
	100

	available chlorine
	0.5
	None

	iron
	0.3
	1.5

	рН
	6.5-9.5
	7-8

	t, °С, not more
	25
	30


It is recommended to envisage re-use of cooling water for other process needs with the construction of drainage system and pumping facilities. 

In cooling systems of elements of electroheat installations using water from the enterprise reverse water supply, it is recommended to install mechanical filters for reduction of content of suspended particles in water. 

When selecting an individual closed water cooling system, it is recommended to envisage a diagram of the secondary contour of water circulation without a backup pump in order to use water from the water-supply network for a period of time required for emergency shutdown of the equipment upon the failure of the operative pump. 

When using a group closed water cooling system, it is recommended to install one or two redundant pumps with their automatic switching on.
7.5.39. When direct-flow or circulation water systems are used for cooling electroheat installation elements which can be energized, insulating flexible pipes (hoses) must be provided to prevent transfer of voltage potential dangerous for the maintenance staff through pipelines. Supply and discharge ends of the hose must have metal nipples which must be grounded, if there is no guards excluding touching of them by the staff when the installation is switched on.
The length of water cooling insulating hoses connecting elements of different polarity must not be less than the length specified in instruction manuals of the equipment manufacturers; if such data is not available, it is recommended to assume the length as equal to: with the rated voltage up to 1.6 kV – not less than 1.5 m for flexible pipes with internal diameter up to 25 mm and 2.5 m – for flexible hoses with a diameter of more than 25 mm; with the rated voltage higher than 1.6 kV – 2.5 and 4 m, respectively. The length of flexible pipes is not rated, if there is a gap between a flexible pipe and a drain pipe, and water jet freely drops in the funnel.
7.5.40. Electroheat installations which equipment requires operational servicing at a height of 2 m and more from the room floor level must be fitted with working platforms with hand-rails and permanent ladders. Use of mobile (e.g. telescopic) ladders is not allowed. In an area where the contact of the staff with live parts of equipment is possible, platforms, guards and ladders must be made of incombustible materials and have a coating of dielectric material not spreading burning.

7.5.41. Pumping and accumulating installations and oil pressure installations of the systems of the hydraulic drive of electroheat equipment containing 60 kg of oil and more must be located in rooms where emergency removal of oil is envisaged and requirements of 7.5.17-7.5.22 are complied with.
7.5.42. The used in electroheat installations vessels operating under a pressure of higher than 70 kPa, devices utilizing compressed gases, as well as compressor installations must comply with the applicable rules approved by the State Committee for Industrial and Mining Safety Supervision of Russia.
7.5.43. Gases from the exhaust systems of vacuum pumps of first-stage vacuum must be, as a rule, evacuated outside; emission of these gases into production and similar rooms is allowed only if hygiene requirements to air in a working area are not broken (Occupation Safety Standards System, the GOST 12.1.005-88).
INSTALLATIONS OF ARC FURNACES OF DIRECT, INDIRECT ACTION, AND RESISTANCE ARC FURNACES
7.5.44. The system of electric supply of enterprises with the installations of arc steel-melting furnaces of alternative current or (and) direct current should be implemented taking into account mandatory compliance with specified by the GOST 13109-97 values of indicators of electric energy quality in a feeding electrical main of general purpose to which these installations will be connected.

In order to limit the voltage harmonic content in a feeding main of general purpose, it is recommended to consider the techno-economic expediency of the use in the installations of arc steel-melting furnaces of direct current of converters with a big number of rectification phases, and with the even number of converter transformers - implementation of winding in half of them according to “star” scheme, and in another half - according to “delta” scheme.

Furnace step-down or converter transformers of arc steel-melting furnaces can be connected to electrical mains of general purpose without performance of special calculations of voltage fluctuations and content of high harmonic in them, provided the following condition is observed: 
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 is the rated output of a step-down or converter transformer, MV·A; 
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 is a fault power at the place of connection of the installation of arc furnaces to electrical mains of general purpose, MV·A;
n  is the number of connected installations of arc furnaces;

D is the factor for installations of arc steel-melting furnaces: arc steel-melting furnaces of alternative current equal to 1, and arc steel-melting furnaces of direct current – 2.

If this condition is not observed, calculations must be made to check whether the values of voltage fluctuations and (or) content of harmonic in them permissible by the applicable standard are not exceeded for electrical appliances fed from the electrical main connected to a given point.

If the requirements of the standard are not met, the installations of arc steel-melting furnaces should be connected to the point of the main with a bigger fault power or appropriate measures implemented, e.g. use of power filters and (or) quick-operating thyristor compensator of reactive power should be envisaged. The option is selected in accordance with the feasibility study.

7.5.45. On the installations of arc furnaces where operation short circuits may occur it is recommended to take measures for limitation of current surges caused by them. On such installations short circuit current surges must not exceed 3.5-fold values of the rated current. With reactors used for limitation of operation short circuit currents, it is recommended to provide the possibility of their shunting during melting when their switching on is not required all the time.

7.5.46. For furnace transformers (transformer units) of arc furnace installations the followings must be provided:
1) the maximum current protection without a time lag from two- and three-phase short circuits in the winding and on the leads tuned away from operation short circuit currents and surges of magnetizing current upon the installation startup;
2) gas protection against damage inside the tank accompanied by gas emission, and from lowering of the level of oil in the tank;
3) protection from one-phase ground short circuits in the winding and on the leads of furnace transformers connected to the electrical main with an effectively grounded neutral;

4) protection from overloads for all types of arc furnaces. For the installations of arc steel-melting furnaces it is recommended to implement protection with current dependent characteristic of a time lag. Protection must operate with different time lag delivering a signal and a trip command.

The characteristics and time lags of protection must be, as a rule, selected taking into account the speed of lifting of electrodes during operation of the automatic current (power) controller of an arc furnace, so that operational short circuits are timely removed by the lifting of electrodes, and the opening of the furnace breaker takes place only upon the failure or untimely operation by the controller;
5) protection from increase of the temperature of oil in the cooling system of a furnace transformer with the use of  temperature sensors delivering a signal upon achieving the maximum permissible temperature and delivering a trip command upon its exceeding;

6) alarm operating protection from loss of circulation of oil and water in the cooling system of a furnace transformer – for oil and water cooling of a furnace transformer with forced circulation of oil and water.

7.5.47. Installations of arc furnaces must be fitted with instruments for control of consumed active and reactive electric energy, as well as with devices for technological process monitoring.
Amperemeters must have appropriate overload scales.
On the installations of resistance arc furnaces with one-phase furnace transformers, instruments for measurement of transformer phase currents, as well as for measurement and registration of currents on electrodes must be installed generally. On the installations of arc steel-melting furnaces it is recommended to install instruments registering a 30-minute maximum of load.

7.5.48. With installation of arc furnaces on working platforms above the workshop floor level the place under platforms can be used for location of other equipment of furnace installations (including furnace substations) or the location of a control room (with reliable waterproofing) without permanent presence of people.
7.5.49. In order to exclude the possibility of a short circuit during the slip of electrodes of resistance arc furnaces in addition to insulating coating on the working (slip) platform (see 7.5.40), permanent insulating boards should be installed between the electrodes.

INDUCTION INSTALLATIONS AND INSTALLATIONS OF DIELECTRIC HEATING 
7.5.50. Equipment of induction installations and installations of dielectric heating with transformers, motor-generator, thyristor and ion converters or tube generators and capacitors are installed, as a rule, in separate rooms or, in justified cases, directly in a workshop in the process lines of production facilities of categories Г and Д as per construction norms and regulations; constructional structures of these separate rooms must have fire resistance ratings of not less that the values presented in 7.5.22 for intrashop furnace (including converter) substations with the amount of oil of less than 10 t.

7.5.51. In order to improve the use of transformers and converters, capacitor banks must be installed in inductor contours. To facilitate resonance tuning, capacitor banks in the installations with stabilized frequency, as a rule, should be divided into two parts – permanently switched on and regulated.
7.5.52. Mutual location of the installation elements, as a rule, must ensure the shortest length of current distributors of resonance contours with the purpose of reduction of active and inductive resistance.

7.5.53. For circuits with increased-medium frequency, as it is specified in 7.5.33, it is recommended to use coaxial cables and current distributors. Use of cables with steel armor and wires in steel conduits for the circuits with increased-medium frequency up to 10 kHz is allowed only with mandatory utilization of cores of one cable or wires in one conduit for conducting and blocking directions of current. Use of cables with steel armor (except for special cables) and wires in steel conduits for circuits with a frequency of more than 10 kHz is not allowed.

Cables with steel armor and wires in steel conduits used in electrical circuits of industrial, increased-medium or reduced frequency must be laid so that the armor and conduits are not heated by external electromagnetic field.
7.5.54. For protection of installations from damage upon the corrosion of a crucible of induction furnaces (of any frequency) and the failure of insulation of mains of increased-medium, high and superhigh frequency relative to the body (earth), it is recommended to construct alarm operating or tripping electrical protection.
7.5.55. Motor-generators of installations with a frequency of 8 kHz and more must be fitted with idle limiter switching off the generator excitation during long pauses between working cycles when shutdown of motor-generators is not expedient.

In order to improve the loading by time of generators with increased-medium and high frequency, it is recommended to use the stand-by mode where it is allowed under the process conditions.

7.5.56. The induction installations and the installations of dielectric heating with high frequency must have screening devices for limitation of the level of electromagnetic field strength at working places to the values specified by the applicable sanitary regulations.

7.5.57. In drying chambers of dielectric heating (high-frequency drying installations) with vertical mesh electrodes the meshes must be grounded on both sides of passages.
7.5.58. Doors of blocks of induction installations and installations of dielectric heating of high frequency must be fitted with blocking devices with which the door can be opened only upon the removal of voltage from all power circuits.
7.5.59. The width of working places near control panels must not be less than 1.2 m, and near heating devices of melting furnaces, induction heaters (with induction heating) and operating capacitors (with dielectric heating) – not less than 0.8 m.

7.5.60. Motor-generator converters of frequency operating with a noise level of higher than 80 dB must be installed in electrical machine rooms which ensure reduction of noise to the levels permissible by applicable sanitary regulations.

In order to reduce the vibration of motor-generators, vibration suppression devices ensuring the compliance with the requirements imposed to the level of vibration by sanitary standards must be used.
INSTALLATIONS OF RESISTANCE FURNACES OF DIRECT AND INDIRECT ACTION
7.5.61. Furnace step-down and regulating dry transformers (autotransformers), as well as transformers with incombustible liquid and control panels (if they have no instruments sensible to electromagnetic fields) can be installed directly on the structures of the resistance furnaces or in close vicinity to them.
Installations of resistance electroheat devices of direct action should be connected to the electrical main through step-down transformers; autotransformers can be used in them only as regulating ones, their use as the step-down autotransformers is not allowed.
7.5.62. The width of passages around electrical furnaces and the distances between electrical furnaces, as well as from them to control boards and cabinets is selected depending on technological peculiar properties of installations.
It is allowed to install two electrical furnaces side by side without a passage between them if the latter is not required as per operation conditions.

7.5.63. It is recommended to install the electrical devices of power circuits and pyrometer devices on separate boards. The devices must not be subject to vibration and impacts during the operation of switching devices.

When installing electrical furnaces in production rooms where vibration and shocks occur, pyrometer devices and other instrumentation must be installed on special absorbers or the panels of boards with such instrumentation must be installed in separate control rooms (instrumentation and automated control system rooms).
It is recommended to install the panels of instrumentation and automated control system boards of the resistance furnace installations in separate rooms also, if production rooms are dusty, wet and moist (see chapter 1.1).
It is not allowed to install the panels of boards with pyrometer devices (in particular, with electronic potentiometers) at places where they can be subject to sudden changes of temperature (e.g. near the workshop entrance).

7.5.64. Common installation of pyrometer circuits and wires of control and power circuits in one conduit, as well as combining of these circuits in one control cable is not allowed.
7.5.65. It is recommended to connect the wires of pyrometer circuits directly to instruments without bringing them to the terminal blocks of control boards.
The compensating leads of pyrometer circuits from thermal couples to electrical appliances (including to millivoltmeters) must have screens for protection against induction interference and the screens must be grounded; the screening device must be reliably connected in joints along all the length.
7.5.66. Termination of wires and cables connected directly to electrical furnace heaters should be implemented by pressing of caps, clamping contact connections, welding and brazing with hard solder alloy.

7.5.67. It is recommended to mount one amperemeter for each heating zone in the installations of resistance furnaces with power of 100 kW and more.  For furnaces with ceramic heaters amperemeters should be generally installed on each phase.

7.5.68. For installations of resistance furnaces with power of 100 kW and more active energy meters (one for each furnace) should be installed.

7.5.69. In installations of resistance furnaces of indirect action with manual loading of material (products) in the working space, electrical furnaces which design excludes the possibility of accidental contact of the staff with live parts of a voltage higher than 50 V must be used.
If in the above-mentioned furnaces the possibility of such a contact is not excluded, loading doors (covers) should be either blocked to prevent their opening before the removal of voltage or other measures guarantying electrosafety must be taken.

7.5.70. In installations of direct heating operating with a voltage higher than 50 V of alternative current or higher than 110 V of direct current, the working platform on which the installation equipment is located and the maintenance staff is present must be insulated from the ground. For continuous action installations where live reeling on and winding devices are available, protection meshes or walls preventing the possibility of ejection of unreeled tape or wire outside of the platform must be installed along the borders of the platform.
In addition, such installations must be fitted with an alarm operating insulation monitoring device.
7.5.71. When liquid contacts emitting toxic and strongly smelling vapors and fumes are used in direct heating installations, leak-tightness of contact units and reliable recovery of vapors and fumes must be envisaged.

7.5.72. The loss current in direct heating installations must make up not more than 0.2% of the rated current of the installation.

ELECTRON-BEAM INSTALLATIONS
7.5.73. Converter units of electron-beam installations connected to a feeding main with a voltage up to 1 kV must have protection against breakdown of insulation of low voltage circuits and electrical main caused by induced charges in the primary windings of step-up transformers, as well as protection against short circuits in the secondary winding.
7.5.74. Electron-beam installations must have protection against hard and soft roentgen radiation providing complete radiation safety at which the radiation level at working places must not exceed the values allowed by applicable regulatory documents for people who do not work with ionizing radiation sources.

For protection against switching surge voltages converter units must be fitted with arresters installed on the high voltage side.

ION AND LASER INSTALLATIONS
7.5.75. Ion and laser installations must be configured, and the blocks making part of them must be located taking into account measures providing interference immunity of control and measuring circuits of these installations to electromagnetic effects caused by gas discharge fluctuation conditioning the change of the power supply load.
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ELECTRICAL WELDING INSTALLATIONS

SCOPE

7.6.1. The present chapter of the Code covers constructed and used in closed rooms and outdoors stationary, portable and mobile electrical welding installations designed for performance of electro-technical processes of welding, deposit welding, sputtering, cutting by melting (severing and tangential cutting) and welding with the use of pressure, including:

arc and plasma welding, deposit welding, remelting, sputtering, cutting;

electro-slag welding, electro-slag and plasma-arc remelting;

induction welding and deposit welding;

electron-beam welding;

laser welding and cutting;

welding by contact heating;

contact and diffusion welding;

arc contact welding (with heating to a plastic state of the ends of welded item by excited arc rotating in magnetic field with their subsequent contact joining by pressure).
The requirements of the present chapter apply to electrical welding installations with the use of consumable and nonconsumable electrodes, with working (joining, cutting, etc.) of metal and non-metallic materials in air or gas environment (argon, helium, carbon dioxide, nitrogen and others) at atmospheric, increased and reduced pressure (including in vacuum), as well as under water and a layer of flux.

7.6.2. Electrical welding installations must comply with the requirements of sections 1-6, chapter 7.3-7.5 of the Code to the extent they were not changed by the present chapter.

DEFINITIONS

7.6.3. An electrical welding installation is a complex of functionally related elements of appropriate electrical welding and electrical equipment of general purpose, as well as mechanical and other equipment, facilities of automatics and instrumentation assuring the performance of the necessary technological process.
The content of elements of electrical welding installations depends on their design, embodiment, the levels of mechanization and automation.
Depending on the listed conditions, electrical welding installations include cable lines, wirings and current distributors of external connections between the elements of the installation, as well as within the limits of the installation pipelines of water cooling systems and hydraulic drive, lines for compressed air, nitrogen, argon, helium, carbon dioxide and other gases, as well as vacuum.

7.6.4. A welding current source is a special electrical device capable to supply electric energy with appropriate parameters for its conversion into a necessary quantity of heat in the zone of melting and heating of metal (or non-metallic material) to a plastic state in order to implement processes specified in 7.6.1.

7.6.5. A welding circuit is designed for passage of electric current part of the electric circuit of an electrical welding installation from the leads1 of the welding current source to the welded part (item).
______________

1 Lead – term as per the GOST 18311-80.

7.6.6. A welding point of an electrical welding installation is a working place of a welder fitted with a complex of means (equipment, devices, etc.) for performance of electro-technical processes of welding, deposit welding, sputtering and cutting.
7.6.7. A one-point and multipoint welding current source are welding current sources feeding one or several welding points, respectively.
7.6.8. Self-contained electrical welding installations are installations with welding current sources fitted with combustion engines unlike electrical welding installations fed from electrical mains including those connected to mobile electrical power stations.
7.6.9. Depending on the level of mechanization of process operations, electrical welding installations are divided into installations on which these operations are performed manually, semi-automatic (when the electrical mode of welding is supported automatically and the rest of operations are performed manually) and automatic installations.

GENERAL REQUIREMENTS 
7.6.10. Version, protection class rating and content of the equipment (elements) of electrical welding installations must be selected taking into account the technology and type of welding, parameters of welded parts (rough parts) and welds, taking into account specific conditions of environment during performance of welding operations (inside closed rooms or outdoors, in closed and hard-to-reach areas).
7.6.11. In regards to provision of reliable power supply, the electrical appliances of the main equipment and auxiliary mechanisms of electrical welding installations should be, as a rule, classified as electrical appliances of the III or II categories (see chapter 1.2).
In the III category electrical appliances of all mobile and portable electrical welding installations, stationary electrical welding installations listed in 7.5.8 of workshops and areas, as well as other workshops and areas should be included, if the interruption of supply of power to electrical welding installations used in them does not lead to a large scale undersupply of products, downtime of the staff and machines.

7.6.12. The electrical load of electrical welding installations must not reduce the values of electric energy quality indicators in electrical appliances connected to the mains of general purpose lower than those specified by the applicable standard.

If required, measures must be taken to reduce the impact of electrical welding installations on an electrical main.

7.6.13. Design and location of the equipment of electrical welding installations, guards and blocking devices must exclude the possibility of its mechanical damage, as well as accidental contact with rotating and live parts. Exceptions are allowed for electrode holders of the installations of manual arc welding, cutting, deposit welding, as well as for contactor tubes, burners of arc welding, plasma nozzles, electrodes of contact machines and other parts under voltage at which welding, sputtering, cutting, etc. are performed.
7.6.14. Location of the electrical welding installation equipment, its units and mechanisms, as well as controls must allow the possibility for free, easy and safe access to them. In addition, location of controls must provide the possibility of quick switching off of equipment and stop of all its mechanisms.

For electrical welding installations which equipment requires operational servicing at a height of 2 m and more, working platforms with hand-rails and permanent ladders must be constructed.   Platforms, guards and ladders must be made of incombustible materials. The floor of the working platform must have a coating of dielectric material which does not spread burning.

7.6.15. It is recommended to fit the devices of control of electrical welding installations with guards preventing their accidental switching on and off.

7.6.16. Only dedicated welding transformers or static or motor-generator converters with electrical motors and combustion engines which meet the requirements of applicable standards must be used as welding current sources. It is not allowed to supply power to the welding arc of an electroslag bath and the resistance of contact welding directly from a power, lighting or contact electrical main.

7.6.17. The scheme of connection of several welding current sources during their operation for one welding arc, electroslag bath or the resistance of contact welding must exclude the possibility of occurrence of voltage between the workpiece and the electrode exceeding the maximum float voltage of one of the welding current source.
7.6.18. The electrical load of several one-phase welding current sources must, be where possible, evenly distributed between the phases of a three-phase main.
7.6.19. One-point welding current source, as a rule, must be located at a distance of not far than 15 m from the welding point.
7.6.20. The primary circuit of an electrical welding installation must include a switching (tripping) and protective electrical apparatuses (apparatus); its rated voltage must not be higher than 660 V. 

Welding circuits must have no links with electric circuits connected to a main (including with electrical mains fed from the main of the converter generator excitation windings).
7.6.21. Electrical welding installations with a multipoint welding current source must be fitted with a device (circuit breaker, fuses) for protection of the source against overload, as well as with switching and protection electrical apparatuses (apparatus) for each line going out to the welding point. These lines should be radial; use of trunk schemes is in the installations with multipoint welding rectifiers allowed if it is technically and economically substantiated.

7.6.22. The electrical welding installation must have an instrument for determination of the welding current value. Electrical welding installations with a one-point welding current source can be without an instrument if a scale is available on the current controller of a welding current source.
7.6.23. Portable and mobile electrical welding installations (except for self-contained ones) should be connected to electrical mains directly with a cable or a cable through trolleys. The length of trolley conductors is not rated; their section must be selected with the power of welding current source taken into account.

7.6.24. Connection of a portable or mobile electrical welding installation directly to a stationary electrical main must be performed with the use of switching or protection apparatuses (apparatus) with dismountable or detachable contact joints. Availability of a blocking device excluding the possibility of opening and closing of these joints, connection (disconnection) of the cores of a cable line (wires) with closed position of a switching device is mandatory.

7.6.25. The cable line of the primary circuit of a portable (mobile) electrical welding installation from the switching device to the welding current source must be made of portable flexible cab-tire cable with aluminum or copper cores, with insulation and in a sheath (hose) of rubber or plastic which do not spread burning. A welding current source must be located at such a distance from the switching device with which the length of the flexible cable connecting them does not exceed 15 m.
7.6.26. It is recommended to fit automatic and semi-automatic welding machines with the remote regulation of the mode of operation of the welding current source with two sets of controls of regulating devices (handles, buttons, etc.) with one of them installed near the welding current source and the other one - on the panel or board of control of the automatic or semi-automatic welding machine. In order to select the type of control of the regulator (local or remote), a breaker assuring blocking1 which excludes erroneous switching on must be installed. It is allowed not to provide blocking, but use a mechanical lock with special keys.

7.6.27. Cabinets of complete devices and the bodies of welding equipment (machines) with uninsulated live parts being under a voltage of higher than 50 V of alternative and higher than 110 V of direct current must be fitted with a blocking device2 ensuring disconnection of devices located inside the cabinet (body) from the main upon opening of doors (hatches). In this case, inputs (outputs) remaining live must be protected against accidental contacts.

It is allowed to use locks with special keys instead of a blocking device, if during operation it is not necessary to open the door (hatch).
________________

1 Blocking – term as per the GOST 18311-80.

2 Blocking device – term as per the GOST 18311-80.

7.6.28. In electrical welding installations, in addition to protective grounding of exposed current-conducting parts and connection to the system of potential compensation of outside current-conducting parts (according to the requirements of chapter 1.7), grounding of one of the leads of the secondary circuit of welding current sources: of welding transformers, static converters and those motor-generator converters which generator excitation windings are connected to an electrical main without isolating transformers (see also 7.6.30) must be implemented.
In electrical welding installations in which an arc burns between the electrode and the electroconductive workpiece, the lead of the secondary circuit of a welding current source connected by a conductor (return wire) with the workpiece should be grounded.
7.6.29. For connection of a protective РЕ-conductor the welding equipment must have a bolt (screw, stud) with a terminal area located in an accessible place with the inscription “Ground” (or with a symbol of grounding as per the GOST 2.721-74*). The diameter of a bolt and a terminal area must not be less than those specified in the GOST 12.2.007.0-75.

Push-on contact connectors of wires for inclusion in an electric circuit with a voltage higher than 50 V of alternative current and higher than 110 V of direct current of portable control panels of automatic or semi-automatic welding machines must have protection contacts.
7.6.30. Electrical welding installations in which under the conditions of electrotechnological process grounding can not be implemented according to 7.6.28, as well as portable and mobile electrical welding installations which equipment grounding present significant difficulties, must be fitted with breaking protection devices or devices of continuous monitoring of insulation.
7.6.31. Capacitors used in electrical welding installations, for accumulation of energy for welding impulses must be fitted with a device for automatic discharging upon removal of the protection enclosure or opening of the doors of cabinets where capacitors are installed.
7.6.32. If a water cooling system is used for electrical welding installation elements, the possibility of monitoring cooling system conditions must be provided by dint of funnels for water drainage or jet relays. In water cooling systems of automatic (semi-automatic) welding machines it is recommended to use alarm operating pressure, jet and temperature relays (the two latter are installed at the output of water from cooling devices). If interruption of flow or overheating of cooling water can lead to the abnormal damage of the equipment, automatic switching off of the installation must be envisaged.

In water cooling systems where transfer through pipelines of voltage potential dangerous for the maintenance staff is possible, insulating flexible pipes must be provided (the length of flexible pipes is selected according to 7.5.39).

It is recommended to locate the detachable connections and flexible pipes of a water cooling system in a way to prevent the contact of water jet with electrical equipment (welding current source or other) upon removal or damage of flexible pipes.
The quality of water used in the water cooling system must comply with the requirements presented in the table 7.5.13, if standards or specifications do not include other regulatory values for appropriate equipment.

REQUIREMENTS TO ROOMS FOR ELECTRICAL WELDING INSTALLATIONS AND WELDING POINTS 
7.6.33. Rooms and buildings of assembling and welding workshops and areas with electrical welding installations and welding points installed in them, as well as ventilation devices must meet the requirements of applicable regulatory documents.
7.6.34. For electrical welding installations and welding points designed for permanent electrical welding operations in buildings outside of welding and assembling workshops and areas, special ventilated rooms with fire-protection partitions of the 1st type must be constructed, if they adjoin the rooms of explosion and fire hazardous categories А, Б and В, and of the 2nd type in the rest of cases. The area and volume of such rooms and their ventilation systems must comply with the requirements of applicable sanitary regulations and the SNiP with the dimensions of welding equipment and welded workpieces taken into account.

7.6.35. Welding points can be located in explosion and fire hazardous areas only during temporary electrical welding operations performed in compliance with the requirements set forth in the standard instruction for organization of safe hot works at explosion and explosion and fire hazardous facilities approved by the State Committee for Industrial and Mining Safety Supervision of Russia.
7.6.36. In rooms for electrical welding installations passages of at least 0.8 m making welding operations and delivery of workpieces to the place of welding and back easy and safe must be provided.
7.6.37. The area of a separate room for electrical welding installations must not be less than 10 m2, in this case, the area free of equipment and material, must make up not less than 3 m2 for each welding point.

7.6.38. Welding points for regular performance of manual arc welding and gas-shielded welding of workpieces of small and middle sizes directly in production workshops in fire and explosion safe areas must be located in special cabins of incombustible material.
The depth of a cabin must not be less than the double length, and the width – not less than one-and-a-half length of welded workpieces, however, the area of the cabin must not be less than 2 × 1.5 m. With installation of a welding current source in a cabin, the dimensions of the latter must be increased respectively. The height of the cabin walls must not be less than 2 m, the gap between walls and the floor – 50 mm, and during gas-shielded welding – 300 mm. If a bridge crane moves above the cabin, its top must be covered with a mesh with cells of not more than 50 x 50 mm.
7.6.39. Occasional manual arc welding, submerged arc welding and electro-slag welding at welding points are allowed directly in fire hazardous rooms, provided that the working places are fenced by boards or curtains of incombustible materials at least 1.8 m high.

7.6.40. With regular welding of workpieces weighing more than 20 kg on electrical welding installations, the latter must be fitted with lift-and-carry units making the installation and transportation of welded workpieces easier.
7.6.41. Natural and artificial lighting of electrical welding installations of assembling and welding workshops, areas, shops, separate welding points (welding cabins) and places of welding must comply with the following requirements of the SNiP 23-05-95 Natural and Artificial Lighting. Design Standards.

7.6.42. During manual welding with heavily coated electrodes, electro-slag welding, submerged arc welding and automatic open arc welding, suction of gases must be arranged directly from the area of welding.

7.6.43. During open arc welding and submerged arc welding inside tanks, closed cavities and structures, ventilation must be constructed at welding points in accordance with the nature of performed operations. If the required ventilation is not possible, forced supply of clean air in the amount of 6-8 m3/h must be arranged under the welder's helmet.

7.6.44. For protection of the welder’s working place and electrical welding equipment from atmospheric precipitations, canopies of incombustible materials must be constructed above portable and mobile electrical welding installations located outdoors.
Canopies can not be constructed if the electrical equipment of an electrical welding installation has enclosures with the class rating of protection conforming to the conditions of operation in outdoor installations, and electrical welding operations will be stopped during rain and snow.

INSTALLATIONS OF ELECTRICAL WELDING (CUTTING, DEPOSIT WELDING) BY MELTING 
7.6.45. Passages between one-point welding current sources – converters (static and motor-generator) of the installations of welding (cutting, deposit welding) by melting - must not be less than 0.8 m wide, between the multipoint ones – not less than 1.5 m; the distance from one-point and multipoint welding current sources to a wall must not be less than 0.5 m.

Passages between the groups of welding transformers must be at least 1 m wide. The distance between welding transformers located side by side in one group must not be less than 0.1 m.

A welding current regulator (if it is installed in a separate enclosure) should be installed near the welding transformer or above it. Installation of a welding transformer above a current regulator is not allowed.

7.6.46. Passages on both sides of a rack for performance of manual welding operations on large parts or structures must not be less than 1 m. One side of benches for minor welding operations can adjoin the wall of a cabin directly; on other sides, passages of at least 1 m wide must be provided. In addition, passages with the width depending on the number of working people, but not less than 1 m, must be provided in a welding shop (in an area).
7.6.47. The width of passages on each side of an installation of automatic submerged-arc welding of large workpieces, as well as the installations of arc gas-shielded welding, plasma, electron-beam and laser welding must not be less than 1.5 m.
7.6.48. To supply current from the welding current source to the electrode holder of an installation of manual arc welding (cutting, deposit welding) or to the arc plasma burner of direct action of an installation of plasma cutting (welding) a flexible wire with rubber insulation and in a rubber sheath must be used. It is not allowed to use wires with insulation or in a sheath which spread burning.
7.6.49. Wiring of installations and apparatuses designed for arc welding of responsible structures - ship sections, bearing structures of buildings, bridges, aircrafts, rolling stock of railroad and other means of transportation, vessels, boilers and pipelines for a pressure of more than 5 MPa, pipelines for toxic substances, etc. - must be made of wires with copper cores.
7.6.50. Flexible and rigid wires and, where possible, steel and aluminum buses of any profile of an adequate section, welding plates, racks and welded structures (see also 7.6.51 and 7.6.52) can be used as a return wire connecting the welded workpiece with the welding current source in stationary installations specified in 7.6.48.
In electrical welding installations with portable and mobile welding transformers the return wire must be insulated in a similar way as the direct one connected to the electrode holder.

Elements used as a return wire must be reliably joined by welding or by bolts, holdfasts or terminals.
7.6.51. If required (e.g. during welding of circular seams), in installations for automatic arc welding the return wire can be connected with a welded workpiece by dint of sliding contact of an appropriate design.
7.6.52. Metal construction structures of buildings, pipelines and process equipment, as well as conductors of a grounding circuit must not be used as a return wire.
7.6.53. Electrode holders for manual arc welding and cutting of by metal and carbon electrodes must comply with the requirements of applicable standards.

7.6.54. The float voltage of a welding current source of arc welding installations at the rated voltage of a feeding electrical main must not exceed 100 V (average value) for direct current sources and the following values for alternative current sources (effective value):
80 V – for automatic arc welding installations for the rated welding current of 630 A;

120 V – for automatic arc welding installations for the rated welding current of 1,600 A;

140 V – for automatic arc welding installations for the rated welding current of 2,000 A.

Upon arc extinction short-term voltage peaks with duration of not more than 0.5 s are allowed in the welding current circuit.

7.6.55. For arc starting in arc welding (cutting) installations without preliminary closing of a welding circuit between the electrode and the welded workpiece and increase of the stability of arc burning it is allowed to use converters of increased frequency (oscillators).

To improve the stability of alternative current arc burning it is allowed to use in arc welding (cutting) installations impulse generators sharply increasing the voltage between the electrode and welded workpiece at the moment of arc starting. The impulse generator must not increase float voltage of a welding transformer by more than 1 V (effective value).

7.6.56. The rated voltage of electrical motors and electrical devices located on portable electrical welding automatic and semi-automatic machines must not be higher than 50 V of alternative current and 110 V of direct current. Electrical motors and electrical devices of alternative current must be connected to a feeding main through a step-down transformer with the grounded secondary winding or through an isolating transformer making part of the welding machine. In this case, the bodies of electrical motors and electrical devices can not be grounded. Electrical motors and electrical devices located on the parts of stationary and mobile electrical welding automatic machines, mounted on stationary installations can be fed from a main of 220 and 380 V of alternative current and from a main of 220 and 440 V of direct current with mandatory grounding of their bodies which must be electrically insulated from the parts galvanically connected with a welding circuit.

7.6.57. The float voltage of a welding current source of plasma process installations at the rated voltage of a main must not be more than:
500 V – for installations of automatic cutting, sputtering and plasma-mechanical processing;
300 V – for installations of semi-automatic cutting or sputtering;
180 V – for installations of manual cutting, deposit welding and sputtering.
7.6.58. Installations for automatic plasma cutting must be fitted with a blocking device preventing shunting of closing contacts in the feeding circuit of the coil of a switching device without electrical arc.  
7.6.59. Control of the mechanized plasma cutting process must be remote. The float voltage to the arc head before the appearance of the “pilot” arc must be supplied by dint of switching on of a switching device upon pressing of the button “Start” which does not have self-blocking. The "Start” button must be blocked automatically after “pilot” arc starting.

7.6.60. Sources for supply of power to the electron guns of electron-beam welding installations must have an arrester installed between the lead of positive pole of the rectifier and its grounded body. In addition, for prevention of breakdown of insulation of installation low voltage circuits and insulation in a feeding electrical main, to which the installation is connected, caused by induced charges in the primary windings of step-up transformers, capacitors must be included between the leads of the primary winding and the earth or other measures of protection must be taken.
7.6.61. Welding electron-beam installations must have protection against hard and soft roentgen radiation providing their complete radiation safety at which the radiation level at working places must not be more than the values allowed by applicable standards for people who do not work with ionizing radiation sources.

INSTALLATIONS OF ELECTRICAL WELDING WITH THE USE OF PRESSURE

7.6.62. The width of passages between the machines of spot, seam (line) and projection welding with their location opposite each other must not be less than 2 m, and between butt welding machines – not less than 3 m. When machines are located with their rear sides to each other, the passage width must not be less than 1 m, and with their location with the front and rear sides to each other – not less than 1.5 m.
7.6.63. Machines of resistance welding by flashing must be fitted with guards (protecting the maintenance staff from spills of metal and sparks and allowing to carry out safe monitoring of the welding process), as well as with devices for intensive local exhaust ventilation.
7.6.64. To supply welding current to special mobile and suspended machines of resistance welding used for welding of large structures in hard-to-reach places a flexible cab-tire cable (wire) with insulation and sheath of material which does not spread burning with air, and in justified cases – with water cooling must be used.
7.6.65. The float voltage of the secondary winding of a resistance welding machine welding transformer at the rated voltage of a main must not be more than 50 V.
7.6.66. Suspended machines of spot and seam welding with integrated welding transformers must be connected to a main through an isolating transformer and be fitted with a blocking device allowing closing of the power circuit only with the grounded body of a machine.
It is allowed to connect a welding transformer directly (without isolating transformer) to a main with a voltage of not more than 380 V, in this case, the primary circuit of an integrated transformer must have double (reinforced) insulation or the machine must be fitted with a breaking protection device.

7.6.67. In suspended machines of spot and seam welding the voltage of control circuits located directly on welding tongs must not be higher than 50 V for circuits of alternative current and 110 V for circuits of direct current.

As an exception, the voltage of the above-mentioned  circuits can be up to 220 V of alternative or direct current if control circuits have double insulation, and grounding elements or a breaking protection device are available.

In such machines it is recommended to supply current to welding tongs through a wire with water cooling.
Chapter 7.7

PEAT ELECTRICAL INSTALLATIONS

SCOPE. DEFINITIONS
7.7.1. The present chapter of the Code covers newly installed, retrofitted and yearly commissioned peat electrical installations up to 10 kV.

In addition to the requirements of the present chapter, the electrical equipment of peat electrical installations must comply with the requirements of sections 1-6 to the extent they were not changed by the present chapter.

7.7.2. In the present Code peat electrical installations are understood as substations (stationary and mobile), overhead and cable power transmission lines and connected to them electrical part of electrified machines for preparation of peat bogs, digging, drying, gathering and loading of peat.

7.7.3. The territory of a peat enterprise is a territory assigned to an enterprise within boundaries of its future development.

The territory of a peat enterprise, except for workers' quarters, villages and railroad stations is classified as an unpopulated area.

ELECTRIC SUPPLY

7.7.4. Electrical mains of peat electrical installations up to 1 kV and higher must have an insulated neutral. It is allowed to ground zero points in measurement, signaling and protection circuits with a voltage up to 1 kV.
Distribution mains to which electrical appliances of field garages, railroad stations and shunting loops, pump stations, as well as electrical appliances which do not pertain to peat electrical installations, but are located in the territory of peat enterprises (electrical appliances of villages, shops, peat processing plants, transshipping stations) are connected should be, as a rule, three-phase four-wire ones with a dead-earth grounded neutral with a voltage of 380/220 V.

7.7.5. Connection of an outside consumer to electrical mains of peat electrical installations higher than 1 kV with an insulated neutral is allowed only as an exception upon agreement with the peat enterprise management and provided that the total capacitance current of the connection, including tappings to the consumer electrical installation, makes up 0.5 A.
7.7.6. In terms of electric supply reliability, the electrical appliances of peat electrical installations should be included in the II category (see chapter 1.2).
PROTECTION 
7.7.7. At substations which, in addition to other consumers, supply power to mobile peat electrical installations of higher than 1 kV, a selective protection cutting off the line upon occurrence in it of one-phase ground short circuit must be installed on each outgoing line. The second stage of protection operating upon the failure of the selective protection of the line must be implemented. 

Protection against increase of voltage of zero sequence operating with a time lag of 0.5-0.7 s for disconnection of the section or the system of buses, a transformer, a substation on the whole must be implemented as the second stage. 

7.7.8. Peat electrical installations up to 1 kV fed from a transformer with an insulated neutral must have protection against ground short circuit with an immediate switching off of the installation in case of one-phase ground short circuit.

SUBSTATIONS

7.7.9. Stationary transformer substations (including pole-mounted substations) used in the area of peat production must consist of packaged blocks allowing multiple assembling and disassembling. The version of these substations must be for outdoor installation. Equipment up to 1 kV should be installed in metal cabinets.

7.7.10. The area of a stationary transformer substation (including pole-mounted substation) must be enclosed by a fence 1.8-2.0 m high. The fence must be constructed with barbed wire.

The gate of the fence must be fitted with a lock. A warning poster must be fixed to it.

7.7.11. Mobile transformer substations and substations installed on motive machines must be constructed according to special technical conditions.

OVERHEAD POWER TRANSMISSION LINES 
7.7.12. High-voltage lines of peat electrical installations can be constructed on peat beds and in depleted pits.
7.7.13. For high-voltage line supports with a service life of 5 years it is allowed to use unimpregnated softwood timber. The diameter of high-voltage line supports at the upper butt must not be less than 14 cm.

7.7.14. Sections of wires of high-voltage lines up to 10 kV should be selected as per permissible sustained current and permissible loss of voltage.
The rated value of voltage loss in a line with a feeding cable in the normal mode of operation for the most remote electrical appliance taken into account can be up to 10% of the rated voltage of substation transformers. The maximum permissible value of the loss of voltage in a line upon the startup of short circuited electrical motors is not rated and is determined by the possibility of startup and reliability of the electrical motor operation.
7.7.15. Common suspension on the same supports of the wires of high-voltage lines up to 1 kV and the wires of high-voltage lines higher than 1 kV is allowed. In this case, the vertical distance between the points of suspension of the wires of high-voltage lines up to 1 kV and the wires of high-voltage lines higher than 1 kV must not be less than 1.5 m. Double fasteners must be used for the wires of high-voltage lines higher than 1 kV along all the length of common suspension.
7.7.16. The distance from the wires of high-voltage lines up to 10 kV at the maximum sag to ground in the territory of a peat enterprise, except for roads and a populated area, must not be less than 5 m.

7.7.17. In order to ensure a safe passage of vehicles under the wires of high-voltage lines without the removal of voltage, special spans with increased height of wire suspension must be constructed. In this case, the distance between the lowest point of a wire and the upper part of the highest vehicle must not be less than 2 m for high-voltage lines up to 10 kV, 2.5 m for high-voltage lines of 20-35 kV.
7.7.18. If a high-voltage line up to 10 kV runs in parallel with a narrow gauge railway track, the distance from the base of a support to the obstruction clearance must not be less than the height of the support plus 1 m.
In space-limited areas of a route the distance from the base of a support of high-voltage lines up to 380 V designed for lighting of approach lines to the railhead must not be less than 5 m.

7.7.19. If a high-voltage line up to 10 kV runs in parallel with a displaceable narrow gauge railway track, the distance from the base of a high-voltage line support to the railhead must not be less than 5 m. 

7.7.20. If a high-voltage line up to 10 kV runs in parallel with the axis of a peat storage pile or the field banks of peat, the distance from the base of a support to the base of a pile or bank with their full size must not be less than 4 m. 

7.7.21. If a high-voltage line up to 10 kV runs near a metal elevated pipeline, the distance from high-voltage line supports to a pipeline must not be less than 8 m. It is allowed to reduce this distance to 3 m, provided enclosures or shields are installed on the pipeline flanges.

7.7.22. If a high-voltage line up to 10 kV runs in parallel with a wooden pipeline, the distance from the supports of high-voltage lines to the pipeline must not be less than 15 m.

If a high-voltage line crosses a wooden pipeline, solid steel enclosures must be installed above the pipeline. In this case, the distance from the pipeline part which is not covered with an enclosure to the projection of the wires of a high-voltage line must not be less than 15 m.

7.7.23. Disconnecting links must be installed on tappings longer than 1 km of high-voltage lines higher than 1 kV, as well as upstream of stationary installations (low pressure pump stations, etc.).

7.7.24. The distance from the wires of a high-voltage line input feeding a mobile electrical installation up to 10 kV to the ground must not be less than 3 m. The passage under input wires must be guarded.

CABLE LINES 
7.7.25. When laying cable lines underground, their protection from mechanical damage is not required, except for protection at places of intersection with railroads and motor roads, as well as at places of heavy traffic of peat machines.
7.7.26. For displaceable cable lines special flexible cables designed for use in heavy conditions must be utilized.

7.7.27. Sections of flexible cables are selected as per permissible sustained current and permissible loss of voltage.

7.7.28. Displaceable cable lines up to 10 kV feeding permanently moving or periodically displaced during one season machines can be laid directly on the ground surface. In this case, warning posters must be installed near cable lines higher than 1 kV.

7.7.29. A flexible cable must be joined to a mobile installation by dint of a device unloading contact clamps from the cable tension and ensuring the permissible radius of the cable bend.
7.7.30. The joining of a displaceable cable line to a high-voltage line should be carried out by dint of disconnecting devices. The height of installation of unprotected live parts of a disconnecting device from the ground must not be less than 5 m for line devices, 3.5 m for detachable and portable devices. Disconnecting devices must be fabricated according to special technical conditions.

7.7.31. For joining cable lines to high-voltage lines up to 1 kV it is recommended to use knife-breakers and push-on contact connectors installed on high-voltage line supports at an accessible height. A knife-breaker and a socket installed on a support must be located in a locked cabinet. Metal parts of this equipment normally deenergized must be grounded.

ELECTRICAL MOTORS, SWITCHING DEVICES 
7.7.32. Switching devices of electrical motors higher than 1 kV must be located in metal cabinets.

7.7.33. The switching devices of electrical motors of higher than 1 kV must be fitted with a blocking device preventing:

switching off of a disconnecting link under load; 

switching on of a disconnecting link with an on starting device;

opening of a cabinet with a switched on disconnecting link;  

switching on of a disconnecting link with an open cabinet.

7.7.34. Disconnecting links must be installed upstream of breakers and fuses higher than 1 kV.

If detachable contact joints, by dint of which the cable supplying electric energy to an installation is joined to a high-voltage line, are used, installation of an additional disconnecting link is not mandatory.

In case of use of clip-on clamps, it is necessary to install an additional disconnecting link upstream of the transformer on the side of power supply, as well as upstream of the device fitted with a voltage transformer.

7.7.35. Startup of an electrical motor connected to a separate transformer is allowed with a startup device installed on the transformer high voltage side without installation of switching devices between the electrical motor and the transformer.
7.7.36. Installation of voltmeters and amperemeters on the switching devices of electrical motors higher than 1 kV is mandatory. If several electrical motors higher than 1 kV are installed on one unit, one voltmeter is used for the whole group of electrical motors.
7.7.37. The section of a cable connecting the switching device with the electrical motor is selected as per permissible sustained current; its check for short circuit current is not required.
7.7.38. For electrical motors the value of voltage loss at the moment of startup is so that it ensures the required starting moment, if the mode of operation of other electrical appliances is not compromised.
Direct starting of electrical motors with the power not exceeding 90% of the transformer power is allowed.
GROUNDING

7.7.39. The resistance of a grounding device R, Ω, of mobile peat electrical installations of higher than 1 up to 10 kV connected to electrical mains with an insulated neutral must be 
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where I is one-phase ground short circuit current, A.

7.7.40. The resistance of grounding of peat electrical installations up to 1 kV connected to mains with an insulated neutral must not be more than 30 Ω.

7.7.41. The grounding of mobile and self-propelled machines is implemented with portable grounding electrodes installed directly at the machines or through the grounding core of a feeding cable connected to portable grounding electrodes at a high-voltage line support or to the grounding electrodes of a substation.
7.7.42. It is recommended to use rod electrodes at least 2.5 m long dipped vertically in peat deposits to a depth of not less than 2 m as portable grounding electrodes. The number of electrodes must not be less than three.
COMMISSIONING OF ELECTRICAL INSTALLATIONS 
7.7.43. The commissioning of peat enterprise electrical installations should be carried out in accordance with the Standard Code of Peat Enterprises.
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ELECTROLYSIS INSTALLATIONS AND ELECTROPLATING INSTALLATIONS

SCOPE

7.10.1. The present chapter of the Code covers indoor (exceptions are presented in 7.10.4) production and experimental-industrial installations of electrolysis of aquatic solutions of acids, alkalies and salts with production and without production of metals, installations of electrolysis of molten salts, oxides and alkalies and the installations of electroplating of workpieces (parts) by ferrous and non-ferrous metals, including rare and precious metals.
7.10.2. In addition to the requirements of this chapter electrolysis installations and electroplating installations and electrical and other equipment or devices used in them must also comply with the requirements of sections 1-6 and chapter 7.3-7.5 of the Code to the extent they were not changed by the present chapter.

DEFINITIONS. MIX OF INSTALLATIONS
7.10.3. Electrolysis installations and electroplating installations are complexes consisting of one or several baths (respectively, electrolysis ones - electrolysis units or electroplating ones) and of rectifier units required for performance in them of working process (see 7.10.4), other electrical equipment of general and special purposes, complete devices and auxiliary mechanisms, trunk, interbath and other current distributors, cable lines and wirings (including the wirings of auxiliary circuits: control, alarm, measurement, protection systems), as well as crane and ventilation equipment and gas-cleaning facilities.
7.10.4. A rectifier unit is a unit working on the principle of the voltage source which consists of a converter transformer and semiconducting rectifiers. 

A parametric rectifier unit is a unit working on the principle of current source; it is based on the use of resonant circuits and consists of a converter transformer with separate high voltage windings, three reactors, three capacitor banks and semiconducting rectifiers.
A semiconducting rectifier is a set of semiconductor rectifiers mounted on a frame or in a cabinet (on frames or in cabinets) with a system of air or water cooling.
A converter substation of electrolysis installations is a complex consisting of located inside a room (or several rooms, or inside a separate building) rectifier units (voltage source or current source) and equipment, devices, systems, etc. required for their operation (see 7.10.3); in this case, converter transformers of the version for outdoor installation , and for current sources, also reactors and capacitor banks, can be located outside of the building (if environmental conditions allow to do it) both openly and under a canopy.

It is allowed to use converter substations in which cabinets (frames) of semiconducting rectifiers are mounted on the walls of a converter transformer tank.

7.10.5. An electrolysis bath or an electrolysis unit is a special electrotechnical equipment consisting of a system of positive and negative electrodes submerged in a vessel filled up with electrolyte (or placed in cells of membrane or diaphragm type assembled in a single block-apparatus) designed for performance of an aggregate of processes of electrochemical oxidation-reduction during the flow of electric current through electrolyte.
In terms of design, an electroplating bath is similar to an electrolysis bath with electrolyte in the form of aquatic solutions, and it differs mainly in the composition of electrolytes and modes of operations determined by its design – type of applied electroplated coating.
A series of electrolysis baths (electrolysis units) is a group of electrically connected in series electrolysis baths (electrolysis units) which is joined with a converter substation (rectifier unit).
7.10.6. An electrolysis room1 is a production room where single electrolysis baths (electrolysis units), their series, several series or a part of a series are located.

An electrolysis block, station or workshop is a production building where an electrolysis room or rooms and rooms with the equipment required for performance of technological process and observation of safety and health regulation requirements are located.

_____________

1 The terms of “electrolysis room”, “station” are not used for aluminum electrolysis installations; for these installations the term “electrolysis block” – a production building where a series (a part of a series) or series of electrolysis units are installed – is used.

7.10.7. An electroplating workshop (area, section) is a room or a part of a room with electroplating installations and electrotechnical and other equipment required for performance of technological process with observation of safety and health regulation requirements taken into account.

GENERAL REQUIREMENTS
7.10.8. The feeding circuit (group or individual) of electrolysis installations and electroplating installations, as well as the kinds, types, parameters and quantity of rectifier units and their version, material and section of connecting current distributors and leads of the baths themselves must be selected, as a rule, on the basis of technical-economical analysis with provision of reliable power supply taken into account.
7.10.9. For enterprises having electrolysis installations with converter substations of the high set power of rectifier units, it is recommended to use separate circuits for electric supply of electrolysis facility process load with electrical loads of power equipment and electrical lighting of the enterprise main and auxiliary structures through separate step-down transformers connected by transmission lines to distribution devices which are located near generating sources or to electrical mains of the feeding energy system with a voltage of 110-500 kV as per the scheme “deep input”, with the minimum number of transformation and switching stages (the voltage class is determined on the basis of technical-economic calculations depending on the amount of electric energy consumed by the enterprise).
Rectifier units of electrolysis installations for production of hydrogen required for turbine-driven generator cooling are connected to 0.4 kV switchgears of the electric generating plant auxiliaries.

7.10.10. The system of in-site electric supply of process and other electrical loads of electrolysis installations and electroplating installations must be constructed taking into account the conditions of provision of energy quality indicators permissible by the GOST 13109 in the distribution system of an enterprise and at the border of separation of balance participation of electrical mains.

In order to limit the content of high harmonic components of voltage in the feeding mains of general purpose, it is recommended to use on converter substations of electrolysis installations and electroplating installations rectifier units with a big number of rectification phases, with equivalent multiphase mode of rectification on each of the units (unit group) and other engineering solutions for compensation of harmonic components. Specific solutions for compensation of harmonic components in the distribution main of an enterprise are accepted on the basis of appropriate technical-economic calculations.
7.10.11. In electrolysis installations the series of electrolysis baths - electrolysis units – should be classified as electrical appliances of the I category as per electric supply reliability degree.

The categories of electrolysis installation and electroplating installation electrical appliances should be determined according to the industry technological design standards. 

7.10.12. As per the hazard of electrical shock to people, rooms of installations, workshops1 (stations, blocks, sections) of electrolysis and electroplating are classified as rooms with increased hazard.

____________

1 An electrolysis workshop is a complex of blocks (buildings) of electrolysis of one or several series. The electrolysis workshop can also include a foundry, auxiliary and amenity rooms.
7.10.13. The voltage of electrical appliances installed in workshops (stations, blocks) of electrolysis, as a rule, must not be more than 1 kV of alternative and rectified current. With an appropriate technical and economical substantiation rectifiers with a higher rated voltage can be used to feed the series of electrolysis baths.

7.10.14. General lighting luminaries – “upper light” of rooms (blocks) of electrolysis – can be supplied with electric energy from transformers of general purpose with the secondary voltage of 0.4 kV with a dead-earth grounded neutral. In this case, on the first floor of two-story buildings and in one-story buildings the metal housing of luminaries, start-control devices, branch-joint boxes, etc. of wiring elements must be insulated from the building construction structures.

Metal housings of upper light luminaries, start-control devices, branch-joint boxes, located at a height of more than 3.5 m from the electrolysis unit service platform can not be insulated from steel structures.

7.10.15. Stationary local lighting in the workshops (blocks, rooms) of electrolysis is not required, as a rule. An exception is the main production rooms of electrolysis installations for production of chlorine (see 7.10.47).

7.10.16. Portable (manual) electrical luminaries used in rooms (blocks) of electrolysis and in auxiliary workshops (shops) must have a voltage of not more than 50 V and be connected to an electrical main through a safe isolating transformer of the class II as per the GOST 30030.
7.10.17. Electrical tools (electrical boring bits, electrical drills, electrical vacuum cleaners and others) used in rooms (blocks) of electrolysis must have a double insulation, and they should be connected to a feeding main through an isolating transformer.
7.10.18. Electrical motors, electrical heaters and other electrical appliances of alternative current which bodies are directly connected to the electrolysis unit body insulated from the earth, as a rule, must have a voltage of not more than 50 V. It is recommended to use special electrical motors for a voltage of 50 V with reinforced insulation of a version conforming to the environmental conditions.1
Electrical motors for a voltage from 50 to 380 V of alternative current can be used, provided the following conditions are observed: electrical motors or a group of electrical motors installed on not more than 15 electrolysis units are connected to the main of general purpose (to the transformer of general purpose with an insulated neutral) through an isolating transformer.

Portable electrical heaters with a power up to 120 kW (installed in an electrolysis unit for a period of heating) can be connected to a feeding main through one isolating transformer located outside of the room with electrolysis baths, provided the total length of the distribution main of the secondary voltage does not exceed 200 m, and a blocking device excluding simultaneous switching on of the heaters of several electrolysis units is installed.
____________

1 The requirement of reinforced insulation electrical motors does not apply to electrolysis installations for production of chlorine; in addition, in such installations one electrical motor or a group of electrical motors pertaining only to one electrolysis unit can be connected to the common isolating transformer.
7.10.19. The rooms of electrolysis installations where hydrogen is emitted or circulates in sealed equipment during the electrolysis process must be fitted with exhaust ventilation with natural forcing (with deflectors and aeration lanterns) preventing the formation of non-aerated spaces under the ceiling 
Those rooms, where according to the conditions of technological process, the formation in the room of excess explosion pressure exceeding 5 kPa calculated according to the Fire Code NPB 105-95, is excluded, have, according to the classification presented in the GOST Р 51330.9, an explosion hazardous area of class 2 and only in the upper part of the room. The explosion hazardous area is conditionally assumed to the elevation of 0.75 of the total height of a room from the floor level, but the lower border of the area can not be above the crane track.
In this area sensors (as a rule, not less than two for each 36 m2 of the room area), connected to the computer-aided system of monitoring the concentration of hydrogen in air, should be installed under the ceiling. The system must have sound and light alarms, as well as ensure the blocking (or tripping) of starters of electrical motors and other electrical appliances of lift-and-carry equipment (if such electrical apparatuses are available in this room) when hydrogen content in the monitored area of the room exceeds 1.0 % of volume.
7.10.20. In electrolysis installation rooms with explosion hazardous areas complete lighting devices with slot light conduits must be used generally for electrical lighting. Light sources in these devices are located in chambers making part of complete lighting devices. The joining of chambers with light conduits must provide protection class rating on the side of the chamber of not less than IP 54. Chambers of complete lighting devices must be located outside of explosion hazardous environment in a wall bordered by the adjoining explosion safe room or in an external wall.

In addition of complete lighting devices, it is recommended to use luminaries of general purpose installed:

behind fixed windows with double glazing without transoms and window leaves;

in special recesses with double glazing in a wall;

in special lanterns with double glazing in the ceiling;

in glazed casings.

Recesses and lanterns must have external air ventilation with natural forcing. 

Glazed casings must be blown with clean air under excess pressure. At places where breakage of casing glasses is possible armored glass should be used for glazing.

7.10.21. It is recommended to fit electrolysis rooms (blocks) with lift-and-carry units for performance of assembling, process and repair operations. In electrolysis installation rooms where explosion hazardous areas is available in upper zones (see 7.10.19) these units (their electrical equipment) must have a version corresponding to the requirements of chapter 7.3.

In electrolysis blocks with bridge cranes ladders for descent of the crane operator from the crane cabin must be made of non-conductive material. If such blocks have no galleries for maintenance of crane tracks, a structure ensuring safe descent of the crane operator with stop of the crane cabin at a different place than the landing platform (e.g. during an accident) must be constructed.

7.10.22. Current distributors (leads) of electrolysis installations must be, as a rule, made with buses of aluminum or aluminum alloy with increased mechanical and fatigue strength. The buses of current distributors should be protected with corrosion-resisting, and in the areas with a working temperature of 45 °C and higher – thermal resistive varnishes (exception – buses in aluminum electrolysis blocks). 

Contact joints of current distributor buses must be welded, except for joints between baths, as well as those of shunt current distributors (leads) and the connections of buses to rectifiers, switching and other devices, to covers or end plates of electrolysis units.

Wires or cables with a heat-resistant insulation and sheath must be laid on electrolysis units in areas with high temperature.
For shunting of an electrolysis unit (electrolysis bath) put out of an operating series, a stationary or mobile shunting device (disconnecting link, breaker, short-circuiting switch and liquid-metal shunting switching device) must be used. The mobile shunting device must be insulated from the ground.
Reduction of magnetic field impact on the operation of devices and instruments located in the room (block and other production rooms) of electrolysis, as well as on the operation of electrolysis units themselves must be assured through the compliance with the industry standards of appropriate production.

7.10.23. Electrical insulation of electrolysis bath series, construction structures of buildings, utilities (current distributors, pipelines, air-ducts and others) must exclude the possibility of carrying ground voltage potential into the room (block) of electrolysis and carrying of voltage potential out of the room (block) (see also 7.10.24, 7.10.29-7.10.30).
Electrical insulation of a series of electrolysis units and electroplating baths and current distributors to them from the ground must be accessible for examination and control of its conditions.
7.10.24. In addition to elements specified in 7.10.23, the followings must have electrical insulation from the ground in the rooms (blocks) of electrolysis (except for rooms with electrolysis installations for production of hydrogen by the method of water electrolysis):
internal surfaces of walls up to a height of 3 m and columns up to a height of 3.5 m from the level of working platforms of the first floor in one-story buildings or the second floor in two-story buildings;
metal and reinforced concrete structures of working platforms located near electrolysis units;

covers of bus channels and floors near electrolysis units;

metal covers of manholes;

metal parts of ventilation devices, located on the floor and near the walls of a block;
metal pipelines, brackets and other metal structures located within the limits of a room at a height up to 3.5 m from the floor level;

lift-and-carry units (see 7.10.21).

7.10.25. Metal and reinforced concrete structures of working platforms near electrolysis units (except for structures near electrolysis units of installation of magnesium and aluminum electrolysis must be covered) by grids of wood impregnated with fireproofing solution having no adverse effect on its dielectric properties or of another dielectric material.

7.10.26. Inputs of current distributor buses into a block (building) of electrolysis must be fenced by metal meshes or a structure of electroinsulating materials on a metal frame to a height of not less than 3.5 m from the ground floor. Meshes or metal structures of the frame must be insulated from the current distributors. 

7.10.27. The current distributors of electrolysis installations, except interbath ones, shunting current distributors and current leads (down conductors) to front edge baths must have guards in the following cases:
with location of horizontal sections of current distributors above passages at a height of less than 2.5 m above floor level or with their location in the area of crane and shop-floor traveler movement1;

with a distance of less than 2.5 m between current distributors located at a height of less than 2.5 m above floor level, and grounded pipelines or grounded equipment1;

with location of current distributors near bridge cranes landing platforms, if the distance from them to these platforms makes up less than 2.5 m.
7.10.28.1 In the rooms of electrolysis (except for rooms with electrolysis installations for production of hydrogen by the method of water electrolysis) it is not allowed to install the grounding lines of three-phase alternative current appliances of production machines. For such electrical appliances exposed current-conducting parts should be connected to a PE-conductor. As an additional measure it is possible to use a breaking protection device.

Exposed current-conducting parts of alternative current electrical appliances with a distance of less than 2.5 from them to live parts of electrolysis units m must have a removable insulating enclosure.

7.10.29. It is recommended to construct pipelines in aluminum electrolysis blocks, in workshops and rooms of electrolysis (except for rooms with electrolysis installations for production of hydrogen by the method of water electrolysis) of non-conductive materials.

When using metal pipelines (including rubberized pipelines) protective conduits and ducts, electroinsulating inserts, suspenders and insulators must be used.
Measures must be taken for reduction of loss currents – removal of current from solutions supplied to electrolysis units and drained from them through insulated pipelines or pipelines constructed of non-conductive materials (fiolit, viniplast, fiberglass and others). It is recommended to use a jet break device or take other effective measures.

_____________

1 Not applied for aluminum electrolysis installations.

7.10.30. Armored cables, metal pipelines, protection conduits, as well as ducts of utilities of process, steam-, water supply, ventilation, etc. in the rooms (blocks) of electrolysis must be, as a rule, located at a height of not less than 3.5 m from the level of working platforms (not less than 3 m – for rooms of electrolysis of aquatic solutions), insulated from the ground or guarded, have electroinsulating inserts at the input and output from the room (block), as well as at places of tappings to electrolysis units and connection to them.

With construction in electrolysis rooms (blocks) of the listed utilities lower than the above-mentioned height, they, in addition, must have two stages of electrical insulation from construction structures, as well as electroinsulating inserts along the length of the room (block) located according to the requirements of industry standards.

The strand to which wires and cables are fixed in electrolysis room (block) must be electrically insulated from construction structures.
7.10.31. Cable lines of electrolysis installations must be laid along the routes where emergency situations are unlikely (e.g. ingress of melted electrolyte during emergency removal of electrolyte from an electrolysis unit is not possible).

7.10.32. Electrical equipment installed on foundations, frames and other structures must not have detachable electrical connections hidden from observation. Detachable electrical connections must be easily accessible for maintenance and repair.
7.10.33. Electrical switchgears with a voltage up to 1 kV for power and lighting mains must be located at a distance of not less than 6 m from unguarded current distributors or the parts of electrolysis units being under voltage of rectified current.
7.10.34. The central board and (or) instrumentation and automated control systems board (if their necessity is grounded) must be fitted with appropriate means for regulation and control of technological process of electrolysis and the control of operation of equipment including converters, as well as with the alarm system delivering signals of startup, tripping and trouble of equipment operation or damage of insulation in controlled electrical circuits.
7.10.35. To startup the equipment being out of visibility range the startup alarm must be provided. In justified cases, it is also recommended to use optical aids (mirrors, telescoping tubes, etc.) and devices of industrial television.
7.10.36. In electrolysis installations where in emergency situations immediate interruption of the supply of electric energy to electrolysis units is required, in the electrolysis room and in the room of central control board and (or) the instrumentation and automated control system board button switches must be installed for emergency shutdown of rectifiers. The possibility of use of these apparatuses for subsequent putting into operation of rectifiers must be excluded.
7.10.37. Electrolysis installations on which electrolysis units the occurrence of increased voltage is possible (e.g. due to “anode effect”) must be fitted with alarm to notify the staff.
7.10.38. In the rooms of electrolysis facilities, including in the converter substations, loudspeaker and (or) telephone communications must be provided in accordance with the service system accepted at the enterprise (experimental-industrial installation).

7.10.39. For monitoring the mode of operation of a series of baths in the rooms of blocks, stations (workshops) of electrolysis or at the converter substation the followings must be used:

amperemeter for each series;

voltmeter for each series and for each block, if they are fed from collecting buses;

voltmeter for each bath (or a voltmeter with a multiposition switch for a group of baths) in those case when technological process on baths is performed as per operating voltage;

devices (apparatuses) of the monitoring insulation of each system of buses of rectified current or a group of electrolysis units fed from the controlled main of rectified current or from an alternative current main through individual or group isolating transformers;
meters of volt-hour or ampere-hour (depending on process requirements) for a series or a group of baths;

electrical energy consumption meter installed on the primary side of the rectifier unit converter transformer.

WATER AND AQUATIC SOLUTION ELECTROLYSIS INSTALLATIONS

7.10.40. The middle point of electrolysis units must not have a dead ground. It is allowed to use the neutral of the series for insulation monitoring devices which does not provide the dead connection with ground in the normal mode.

7.10.41.1 Between live parts in the passages between the rows of electrolysis units (without partitions between them) the distance must not be less than 1.2 m at the maximum possible voltage between them up to 65 V, and not less than 1.5 m – at a voltage higher than 65 V. The passages between a longitudinal row of baths and a wall, between front edge baths and a wall must have a width of not less than 2.5 m. Local narrowing is allowed to 1.5 m for passages between baths and the columns of building and supports of racks bearing current distributors and material lines, provided the columns and supports in the passage are mandatory covered to a height of not less than 2.5 m from the floor level with electrical insulating sheet material, e.g. plastic sheets fixed by welding.

The distance from electrolysis unit current distributors and other live parts to grounded process equipment and luminary fixtures must not be less than 2.5 m.

______________

1 If it is impossible to comply with the requirements presented in 7.10.41 on retrofitted installations, the grounded utilities and equipment should be covered with insulating materials or insulating enclosures of viniplast, fiberglass, etc.

ELECTROLYSIS INSTALLATIONS FOR PRODUCTION OF HYDROGEN (HYDROGEN STATIONS)

7.10.42. Electrolysis units of hydrogen stations must be equipped with the following electrical protection:

from one-pole ground short circuits, except for electrolysis units which outer electrode or body of the outer cell as per the design is grounded, e.g. through a gas separator;

from interpolar short circuits;

from return currents when using motor-generators (on retrofitted installations).

7.10.43. Electrolysis units of hydrogen stations operating under a voltage of more than 250 V relative to earth must have a meshed guard along the perimeter.

7.10.44. Dielectric rugs (strips) must be laid around the electrolysis units of hydrogen stations.

7.10.45. The distances between electrolysis units at hydrogen stations, as well as between electrolysis units and room walls must correspond to those specified in 7.10.41.

The following passages must be provided between the equipment:

the main ones – with a width of not less than 1.5 m on the side of maintenance of machines (compressors, pumps etc) and apparatuses having fixtures and instrumentation; for small size equipment (with a width and height up to 0.8 m) it is allowed to reduce the width of a passage up to 1 m;

to provide the possibility of maintenance from all sides (if required), between the equipment, as well as between the equipment and the walls of rooms – with a width of not less than 1 m;
for examination and regular check and adjustment of the equipment and devices – with a width of not less than 0.8 m.
The rated minimum width of passages must be provided between the most projecting (at a height of less than 2 m) parts of equipment with foundations, insulation, guards, etc. taken into account.
ELECTROLYSIS INSTALLATIONS FOR PRODUCTION OF CHLORINE

7.10.46. In the electrolysis installations of sodium chloride with mercury, membrane or diaphragm methods, as well as during electrolysis of chlorhydric acid the followings must be envisaged:
the possibility of emergency manual interruption of the supply of electric energy to electrolysis units in accordance with 7.10.36, as well as from the control panel room and by the chlorine compressor operator upon their shutdown;
automatic turning off of electrical motors of chlorine and hydrogen compressors for all methods of electrolysis, except for electrical motors of chlorine compressors with the mercury method of electrolysis upon a sudden interruption of rectified current feeding electrolysis units (with a time lag of 2-3 s after current interruption);
automatic turning off (with a time lag up to 3 m) of electrical motors of chlorine compressors with the mercury method of electrolysis with simultaneous switching on of the system of emergency absorption of chlorine;
automatic switching off by the system of blocking with a time lag of 3-5 s from the rectifiers feeding electrolysis units, for all methods of electrolysis upon a sudden interruption of all electrical motors of chlorine compressors, if self-starting does not take place within specified period, as well as upon shutdown of the group of electrical motors of mercury pumps (the number of electrical motors in the group is determined for each specific case) with simultaneous switching on of the system of emergency absorption of chlorine from the system and simultaneous delivery of signal to the electrolysis room, compressor room and instrumentation and automated control system board;
automatic switching off of the rectifier of an electrolysis installation upon exceeding of chlorine pressure of the set limit in the compressor suction header;
signaling to the electrolysis room, instrumentation and automated control system board room and converter substation upon a sudden switching off of one of several operating chlorine compressors;
signaling to the electrolysis room and instrumentation and automated control system room upon shutdown of electrical motors of a mercury pump or interruption of mercury circulation in electrolysis units with a mercury cathode.
7.10.47. In addition to the general lighting main, a stationary main of local lighting with a voltage up to 50 V fed from the main of general lighting through an isolating transformer must be constructed in the main production rooms.

MAGNESIUM ELECTROLYSIS INSTALLATIONS
7.10.48. The following elements must have electrical insulation, in addition to that presented in 7.10.23-7.10.24:

enclosures of electrolysis units and pipelines of cathode and anode suction – from ground and construction structures;
bodies, floors and columns of a basement, as well as working platforms, other reinforced concrete or metal construction structures – from ground;
parts of pipelines of compressed air and vacuum – from ground, one from another and from electrolysis units;
cables and equipment – from the frame transformers are installed on;
working platforms at electrolysis units (in addition to the above-mentioned electrical insulation from ground) must be covered with dielectric sheet material.
7.10.49. As a rule, electrolysis units must be located in the center of newly constructed installations with two driveways along longitudinal walls.
7.10.50. Driveways in the rooms of electrolysis must have the following width:

with two driveways along the longitudinal walls – not less than 4.5 m;

with one driveway between the longitudinal rows of electrolysis units – not less than 5.5 m.

In both cases a clear passage at least 1 m wide between a vehicle and the wall of the block or installed equipment must be provided.

7.10.51. The passage between the longitudinal row of electrolysis units and a wall with one driveway available must have a width of not less than 2 m.

7.10.52. The distance between the current distributors of two rows of electrolysis units must not be less than 4 m.

ALUMINUM ELECTROLYSIS INSTALLATIONS

7.10.53. The following structures, in addition to those presented in 7.10.23-7.10.24, must have electrical insulation from ground:
electrolysis unit foundations and underground channels;
the supporting columns of electrolysis units and inserted floors.

7.10.54. Metal covers of transverse channels for current distributors in electrolysis blocks must have electrical insulation, and in the areas between adjoining electrolysis units these covers must have electroinsulating inserts.
Metal covers of longitudinal apertures and channels for current distributors must have electrical insulation from those apertures and channels, and in the areas between adjoining electrolysis units they must have electroinsulating inserts.

7.10.55. Metal covers of apertures and channels for current distributors in electrolysis units must have the voltage potential of the electrolysis unit cathode.

7.10.56. Floor ventilation grids in the blocks of electrolysis and electrorefining of aluminum should be put on electroinsulating foundations.

7.10.57. Metal crosses in windows and air-intake shafts can be installed at a height of not less than 3 m from the floor level in one-story blocks and from the floor level of the second story in two-story blocks.   

7.10.58. The ends of the first floor in two-story blocks of electrolysis and electrorefining of aluminum must be fenced with a metal mesh electrically insulated from construction structures, or with a partition of non-conductive materials up to a height of not less than 1.7 m from ground level. The fence must have locked gates or doors.

7.10.59. Along external walls electrolysis blocks must have air-intake apertures closed to a height of not less than 1.7 m above ground level with reliably grounded metal meshes which must not hamper the ventilation of the block.
7.10.60. The stairs to the second floor and the platforms of the second floor, as well as railings of the second floor in two-story blocks of electrolysis must be fabricated of non-conductive materials.  It is allowed to construct the railings and stairs of metal covered by plastic or other electrical insulating material.

7.10.61. The distance between the projecting parts of electrolysis units with their longitudinal location must not be less than 0.7 m. This distance between the front edges of electrolysis units can be reduced to the limits permissible by the design of electrolysis units, if the presence of the people in this area is excluded.

7.10.62. The distance between the walls of longitudinal channels of current distributors (apertures) in the central passage of the block must not be less than 3.5 m.

7.10.63. Metal pipelines of compressed air and vacuum, as well as trunk metal gas ducts of the upper gas suction system for electrolysis units with a lateral power-supply circuit and baked anodes laid along the block must have electroinsulating inserts every 40 m.
Trunk metal gas ducts from electrolysis units with an upper anode power-supply circuit must have two electroinsulating inserts installed in series upstream of the entry to the underground channel.
7.10.64. Gas suction branches of electrolysis units must have electrical insulation from the trunk gas suction pipelines.
7.10.65. Gas suction branches of electrolysis units with an underground system of gas suction must have electrical insulation from construction structures.

7.10.66. The following items of electrolysis units with a lateral power-supply circuit and baked anodes must have electrical insulation:

cathode enclosure – from the foundation or from supporting construction structures;

electrolysis unit metal structures – from the anode and cathode enclosure;

curtain shelters – from the cathode enclosure;

anode bus packages – from metal structures;
hooks for temporary suspension of the anode – from metal structures, or a unit of electrical insulation must be available directly on portable rods for temporary suspension of the anode during the shifting of the anode frame.

7.10.67. The following items of electrolysis units with baked anodes must have electrical insulation:

cathode enclosure – from the foundation or  supporting construction structures;

metal structures of the anode part – from the cathode enclosure;

metal structures installed on special supports – from these supports, supports – from the ground (the supports must be electrically connected with the cathode enclosure);

jacks of the unit for lifting anodes and an anode сurrent lead – from the anode frame;

shelters – from the cathode enclosure.

7.10.68. The following items of electrolysis units with an upper power-supply circuit and a self-baked anode must have electrical insulation:

cathode enclosure – from the foundation or supporting construction structures;

jacks of the main lifting unit – from special supports (if they are installed on special supports), special supports – from the ground (the supports must be electrically connected with the cathode enclosure);

jacks of auxiliary unit for the anode lifting – from the anode enclosure.

7.10.69. The system of electrical insulation in electrolysis blocks must exclude the presence of voltage potential “ground” in the repair areas of floor rail machines and at the places of their loading with raw materials to the level of crane runway beams1.

_____________

1 Safety regulations PB 11-149-97 (clause 2.5.42).

7.10.70. Rails for floor rail machines must be fitted with electroinsulating inserts in the areas between electrolysis units. The areas must have the voltage potential of the cathode of an appropriate electrolysis unit, and in the areas of repair zones – the voltage potential of the outer electrolysis unit in the row.

The following items of a floor electrical machine must have electrical insulation:

running wheels – from metal structures;
running wheel drive – from metal structures;
mechanism of electrolyte crust punching – from metal structures;

connection device of an airslide conveyor or air lift pipes – from the metal structures of machines and the elements of electrolysis unit body contacting them;
airslide conveyor and air lift pipes – from metal structures;
pipelines – from metal structures at the place of their transition into the executive device of a mechanism of electrolyte crust punching;

machine attaching device – from the metal structures of the body, the number of insulation stages must not be less than three;

extendible conveyor for loading of a machine with anode mass – from the metal structures of the body, the number of insulation stages must not be less than three.

7.10.71. Crane tracks in aluminum electrolysis blocks must be grounded. The resistance of grounding devices must not exceed 4 Ω.

7.10.72. Electrosafety during the repair of electrolysis units must be provided by the emergency alarm system operating at an electrolysis unit voltage potential relative to earth of higher than 50 V and upon ground short circuit of the main circuits of rectified current in other areas of a series.
7.10.73. The neutral in electrical installations with a voltage up to 1 kV of alternative current in electrolysis blocks can be both insulated and dead-earth grounded.
Switching off upon the first short circuit in electrical installations with a voltage up to 1 kV with an insulated neutral in electrolysis blocks is not allowed in accordance with the process requirements. For such electrical installations an alarm operating device for insulation monitoring must be used. Sound and light signals of reduction of insulation below a preset value must be transmitted to rooms with the permanent presence of the maintenance staff. The light signal must indicate the line where the reduction of insulation occurred.

Bodies of electrical motors located on the electrolysis unit anode frame must have a reliable bolted electrical connection with metal structures the electrical motors are mounted on. In this case, a special conductor connecting the body of an electrical motor with a metal structure for its installation is not required. These motors can have normal insulation and they must be connected to a transformer of general purpose with an insulated neutral through group isolating transformers with a voltage of the secondary winding up to 220 V, for the rest, requirements presented in 7.10.18 must be complied with.
7.10.74. Electrical appliances of bridge cranes and floor rail machines must be connected to a transformer of general purpose with an insulated neutral.

7.10.75. Where possible, the starting equipment and the control equipment of electrolysis installation mechanisms must be located in special electrical equipment rooms.
When locating such equipment in cabinets near electrolysis units, metal structures of cabinets must have electrical insulation from the floor and other construction elements excluding the possibility of appearance of voltage potential “ground” on the cabinet body.
7.10.76. In two-story blocks of aluminum electrolysis it is allowed to construct special welding lines for welding by rectified current by dint of takeoff of electric energy from operating electrolysis units. Use of such lines for electrical welding of grounded structures is not allowed, except for welding operations during capital repair of electrolysis units.
7.10.77. Welding lines for takeoff of electric energy from the main current distributor of rectified current must be divided into sections.
Electrical devices for connection of welding transformers (connection points) must be insulated from construction structures and connected to a power main with an insulated neutral through an isolating transformer.

7.10.78. Metal pipelines constructed along the blocks of electrolysis at a height of less than 3.5 m, must have electroinsulating inserts at intervals of every 4 electrolysis units, and those located vertically or across electrolysis series – every 3 m.

ALUMINUM ELECTROREFINING INSTALLATIONS
7.10.79. Between the front edges of adjoining electrolysis units in a row, the distance must not be less than 1 m, and between the projecting parts – not less than 0.6 m. If the presence of people between the front edges of adjoining electrolysis units in a row is not envisaged, the distance between the front edges can be reduced to the limits permissible by the design of electrolysis units.

7.10.80. The following items of electrolysis units must have electrical insulation:
enclosure – from the ground, construction structures, anodic blooms and metal structures of an electrolysis unit;

anode bus package – from the jacks of the anode lifting unit.

ELECTROLYSIS INSTALLATIONS OF FERROALLOY INDUSTRY
7.10.81. Collecting tanks for electrolyte and ventilation air-ducts of electrolysis installations of ferroalloy industry fabricated of metal must be grounded.
ELECTROLYSIS INSTALLATIONS OF NICKEL-COBALT INDUSTRY
7.10.82. Electrolysis baths of nickel-cobalt facilities must be sheltered and fitted with local suctions. (Required level of sheltering is determined during designing). For loading and unloading of a bath without interruption of current in the series, a device shunting the bath must be provided; its installation and removal must be mechanized.

COPPER ELECTROLYSIS INSTALLATIONS
7.10.83. In electrolysis rooms it is recommended to use copper buses of current distributors. The recommended density of bus current is 1 A/mm2.

In justified cases, aluminum buses are used; the recommended density of bus current is 0.7 A/mm2.

ELECTROPLATING INSTALLATIONS
7.10.84. Bodies of baths of electroplating installations in electroplating workshops (areas) fed as per the block diagram (rectifier-bath) with the rated voltage of rectified current higher than 110 V must be grounded, and live parts must not be accessible for contact. The bodies of alternative current electrical appliances installed on baths with their rated voltage higher than 50 V must be grounded.
7.10.85. All baths in automatic electroplating lines must be installed on insulators for protection of baths from voltage potential occurring due to ground current.
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