SECTION 5
ELECTRICAL POWER INSTALLATIONS
CHAPTER 5.1
ELECTRICAL MACHINE ROOMS
SCOPE, DEFINITIONS
5.1.1. The present chapter of the Code covers construction of electrical machine rooms and installation of electrical equipment in them. If a capacity of the biggest installed machine or converter in electrical machine rooms is less than 500 kW, the compliance with the requirements of 5.1.8-5.1.10, 5.1.12, 5.1.13, 5.1.20, 5.1.33 and 5.1.34 is not mandatory.

5.1.2. Electrical machine rooms are rooms where the following items can be installed jointly: electrical generators, rotating or static converters, electrical motors, transformers, switchgears, switchboards and control panels as well as auxiliary equipment associated with them which are maintained by the staff according to the requirements of chapter 1.1.

5.1.3. Electrical equipment, covered in this chapter, is installed according to the requirements of other applicable chapters of the Codes to the extent they are not modified by this chapter.

Electrical equipment of higher than 1 kV to the extent not covered in this chapter is installed according to the requirements of 4.2 applied to intrashop substations.

GENERAL REQUIREMENTS 

5.1.4. Electrical machine rooms should be classified as industrial premises of category D according to the SNiP of the Russian Federation Construction Committee.

5.1.5. Electrical machine rooms must be equipped with telephone communication and fire alarm system as well as other types of alarm required by the operating conditions.

5.1.6. In an electrical machine room, it is allowed to place reducers and pinion stands of mechanisms associated with electrical motors which have been installed in such an electrical machine room.

5.1.7. Positioned at an accessible height, rotating parts of the equipment installed in electrical machine rooms must be guarded to prevent accidental touch under applicable safety requirements.

5.1.8. In electrical machine rooms, power mains for welding machines, portable lights, electrical tools as well as machines for room cleaning must be installed. A voltage not exceeding 42 V is applied for portable lights.

5.1.9. Electrical machine rooms must be equipped with devices for blow-down of electrical equipment with dry, clean compressed air to a pressure not exceeding 0.2 MPa from a portable compressor or the mains of compressed air with filters and dryers. Electrical machine rooms must be equipped with industrial portable vacuum cleaner for collection of dust.

5.1.10. As a rule, standard (stationary or portable) lifting and transport units must be installed for transportation, installation, disassembling and assembling of electrical machines. 

LOCATION AND INSTALLATION OF ELECTRICAL EQUIPMENT
5.1.11. The structure of electrical machine rooms at all elevations must provide easy transportation and installation of equipment. If the length of the basement of an electrical machine room is more than 100 m, passages for fork-lift trucks or carriers must be available.

The clear distance between transported elements of the equipment and the elements of the buildings or equipment must be at least 0.3 m vertically and 0.5 m horizontally.

5.1.12. The clear width of the passages between the foundations or machine bodies, between the machines and the parts of the building or equipment must be at least 1 m. The passages between the projecting parts of machines and engineering structures up to 0.6 m for a length of not more than 0.5 m can be narrowed.

5.1.13. The clear distance between the machine body and the building wall or between the bodies as well as the front edges of closely standing machines, if there is passage on the other side of the machines, must not be less than 0.3 m if the height of the machines is up to 1 m from the floor level and not less than 0.6 m if the height of the machines is more than 1 m.

The width of the maintenance passage between the machines and the front (service face) of the control panel or switchboard must be at least 2 m. If switchboards are installed in a cabinet, this distance is chosen from the machine to the closed door or cabinet wall.

The above-mentioned requirements do not apply to the positions of local control of actuators.

The passage width between the machine body and the front edge of the control panel or switchboard must not be less than 1 m.

5.1.14. The maintenance passage clear width between the row of cabinets with electrical equipment of a voltage of up to 1 кV and the parts of the building or equipment must not be less than 1 m, and if the cabinet door is open, it must be at least 0.6 m. In case of a double-row position of cabinets the passage clear width between them should not be less than 1.2 m and between open opposite doors – at least 0.6 m.

It is allowed to install machines of a capacity of up to 10 kW and small-sized equipment in maintenance passages behind the distribution switchboards, racks, control panels and other similar elements of a switchgear of up to 1 kW due to local narrowing of passages in clear up to the value of not less than 0.6 m; in this case, the distance from the machine body or device to the live parts of the switchboard must not be less than the values specified in 4.1.21 and 2.

Sizes of maintenance passages for switchgears, boards and other equipment must comply with the requirements presented in 4.1.21-4.1.23 and 4.2.86.

On the basement floor of electrical machine rooms, it is necessary to install a cable level or a cable tunnel in case of an open surface work of more than 350, power and control cables of more than 150 power cables in the basement section most cluttered with cables.

The width of passages in cable structures must be according to 2.3.123 and 2.3.125. The rows of cable structures with cables in such structures must not form dead ends more than 7 m long. For prevention of formation of dead ends, it is allowed to construct a passage under the cables with a clear height of not less than 1.5 m from the floor. Reduced distance between the floors which gives the possibility to rig the cables down is allowed above such a passage, but it should not be less than 100 mm.

5.1.15. It is allowed to make open installation of the following items directly in electrical machines rooms:

1. Oil-filled start-up and start-control devices for electrical machines up to 1 kV or higher (autotransformers, reactors, rheostats, etc.) with the oil weight up to 600 kg.

2. Transformers of a capacity of up to 1.6 MV·A, autotransformers, measuring transformers and other devices with the oil weight of up to 2 tonnes, which have an increased strength of tanks and seals eliminating leaks of oil and also, (for transformers and autotransformers) a signal operating gas protection or pressure relay.

It is allowed to install a group consisting of not more than two such transformers (devices) if the clear distance between separate groups is at least 10 m.

3. Transformers, dry or filled up with incombustible liquids, without power limitation and quantity.

4. Metal switchgear and control gears, substations of up to 1 kV and higher, capacitor banks or separate capacitors.

5. Closed-type batteries in case of availability of a vent or charging in special premises or cabinets.

6. Semiconducting converters.

7. Boards of control, protections, measurement, signaling as well as the boards of control units and stations with devices installed in them, having live components on the front and back sides.

8. Uninsulated current distributors up to 1 kV or higher.

9. Electrical machine cooling equipment. 

5.1.16. If oil-filled electrical equipment is placed in electrical machine rooms in closed chambers, rolled out inside the electrical machine rooms, the oil weight in the equipment installed in one chamber or group of adjacent chambers must not exceed 6.5 t, and the clear distance between two chambers or groups of chambers must be at least 50 m.

If this distance can not be maintained or the oil weight in one chamber or group of adjacent chambers is more than 6.5 t, the oil-filled electrical equipment must be placed in chambers, rolled out outside or in a corridor specially intended for this purpose or in a production room of categories Г or Д production facilities according to the SNiP of the Russian Federation Construction Committee.

5.1.17. The top mark of the surface of foundation plates of rotating machines which are not connected with mechanical equipment (transforming, excitation, charging units, etc.) must be higher than the finished floor level by not less than 50 mm. The top mark of the surface of foundation plates of rotating machines connected with mechanical equipment is determined according to the requirements applied to its installation.

5.1.18. A pass-through passage of pipelines in electrical machine rooms containing explosive gases, combustible or inflammable liquids, is not allowed. In electrical machine rooms it is permitted to lay only pipelines directly associated with the equipment installed in them. Cold pipelines must have protection against misting. Hot pipelines must have a thermal incombustible insulation in those places where it is required for protection of personnel or equipment. Pipelines must have distinctive colouring.

5.1.19. In cases when the top mark of the foundation plate of the machine is above or below the floor level of an electrical machine room by more than 400 mm, an incombustible platform at least 600 mm wide with handrails and stairways should be installed around the machine. Service platforms located at a a height up to 2 m above the floor level must be guarded with rails, and at a height of more than 2 m – with rails and platform barriers. Steps are installed to enter the platforms.

5.1.20. In case when an enterprise has a railway system linked to the public railway, and if heavy equipment is supplied by railway, it is recommended to install a railway branch line with normal track with dead end run in the electrical machine room. The length of dead end run must provide the possibility to remove equipment from an open platform using lifting gear of the electrical machine room. 
If equipment is supplied by trucks, it is recommended to provide the possibility to drive in the electrical machines rooms, i.e. in the area of operation of lifting gears.

5.1.21. Electrical machines must be installed so that their operation does not cause noise and vibration of the machine itself, foundation or parts of the building above the permissible limits.

5.1.22. For installation and repair operations in electrical machine rooms, special pads (mounting pads) must be provided or free areas must be used between the equipment, designed for the heaviest, practically possible load from the equipment and located in the area of operation of lifting gears of electrical machine rooms. The exterior outlines of the mounting pad floor must be marked with paint or flooring tiles differentiated by colour from another parts of the floor.

Sections of the electrical machine rooms where equipment is transported must be designed for the load of transported equipment. Outlines of such sections should be painted or tiled.

Sizes of mounting pads are determined on the basis of the biggest item (in the pack) for accommodation of which they are intended, with 1 m excess to the side. Installation points of supports for placement of anchors of large electrical machines on mounting pads must be designed for a load of the weight of such anchors and supports and have distinctive colouring. Mounting pads must contain signs indicating the biggest permissible load.

5.1.23. Electrical lamps in electrical machine rooms should not be positioned above open buses of the switchgear and open current distributors. Electrical lamps maintained from the floor should not be placed above rotating machines.

LUBRICANT FOR ELECTRICAL MACHINES BEARINGS  

5.1.24. It is recommended to join the systems of circulation lubricant of electrical machines and process mechanisms, if the applied grade of oil is suitable for the both and if process mechanisms are not the source of contamination of oil with metal dust, water or other harmful impurities.

5.1.25. Equipments of centralized lubrication systems, including those designed only for electrical machines should be installed outside electrical machine rooms.

5.1.26. Lubrication system of electrical machines of a capacity of more than 1 MW must be equipped with oil level indicators and oil and bearings temperature control instrumentation, and if circulation lubrication is available – with oil leakage control instrumentation as well. 

5.1.27. Oil and water pipelines can be laid to the bearings openly or in ducts with removable covers of incombustible materials. In specific cases it is also permitted to bury the lines underground or in concrete. 

It is allowed to connect the pipes with fittings.

Diaphragms and valves must be installed directly in the lubrication inlet points to the bearings of electrical machines. 

The pipes supplying oil to the bearings with the latter being electrically insulated from the foundation plate must be electrically insulated from the bearings and other components of the machine. Each pipe must have at least two insulating gaps or an insulating insert at least 0.1 m long.

5.1.28. In specific cases, electrical machine rooms must be fitted with tanks and a system of pipelines for drainage of dirty oil from oil-filled electrical equipment. Oil is not drained into the sewage system.

VENTILATION AND HEATING 

5.1.29. In electrical machine rooms, facilities of removal of excess heat released by electrical machines, resistors and instrumentation must be installed.

Air temperature in electrical machine rooms, where people work, must comply with health standards.

Air temperature for cooling of operating electrical machines must not exceed + 40 °С. The air for cooling of electrical machines must be cleaned of dust. The temperature of the air flowing to shut down electrical machines must not be less than +5 °С. 
In machines with an open ventilation circuit, louvers, closing to prevent ambient air inflow in an off machine, must be installed on the air inlet and outlet air lines. 

Temperature control instrumentation must be installed in electrical machine rooms.

5.1.30. Located inside electrical machines rooms, the rooms of open-type battery and capacitor installation must have separate ventilation systems according to the requirements given in chapters 4.4 and 5.6, respectively.

5.1.31. In areas with polluted air, electrical machine rooms must be constructed so that only clean air can flow inside. For this purpose doors, gates and other openings must be sealed. It is recommended to construct such buildings without windows, lanterns or with dust proof light openings, for instance, filled with glass blocks. The system of general ventilation of the building of electrical machine rooms must exclude a raw air inflow.

5.1.32. In ventilation chambers and channels of sanitary-engineering ventilation, cables and wires are not run. It is only permitted to run wires and cables across the chambers and channels in steel pipes. 

In chambers and ventilation channels of electrical machines, it is allowed to run wires and cables with sheaths of incombustible and slow-burning materials as well as uninsulated buses.

It is not permitted to install cable joints and other electrical equipment in ventilation channels and chambers of machines.

5.1.33. In electrical machine rooms, it is recommended to install separate ventilation systems on the first floor, basement and other insulated premises. It is permitted to construct the general ventilation system with controllable louvers, allowing cutting off air supply to the rooms in case of fire.

In an electrical machines room, ventilation units of adjacent fire-hazardous premises (for instance, oil underground store rooms) should not be placed.

CONSTRUCTION PART 

5.1.34. In electrical machine rooms with permanent attendance of staff, comfortable offices for duty staff must be constructed and equipped with required alarms, instrumentation and communications, with supply of conditioned air and a WC for maintenace staff and also heating system according to the applicable health requirements.

5.1.35. The walls of electrical machine rooms up to a height of at least 2 m must be painted with light oil paint and the remaining surface – light water paint according to the instructions of rational decor furnish of production areas. Ventilation channels, including the channels in the foundations of machines, along the whole of the internal surface must be painted with inflammable light paint or faced with glazed tiles or inflammable plastic coating.

Electrical equipment in electrical machine rooms must be painted in accordance with the instructions of rational decor finish of the equipment.

The floor of electrical machine rooms must have covering allowing no formation of dust (e.g. cement with marble aggregate, flooring tiles).

5.1.36. In the capacity of supports for the overlap of the basement of electrical machine rooms, it is permitted to use foundations of machines complying with the requirements of design of foundations of machines with dynamic loads of the SNiP of the Russian Federation Construction Committee.

Overlaps of electrical machine rooms should contain assembling hatchways and openings for the purpose of transportation of heavy and bulky equipment from one floor to another. The hatchways must be located in the area of operation of a lifting gear. The hatchway overlap must have the same fire resistance rating as the overlap where the hatchway is located.

5.1.37. The basement of electrical machine rooms must contain a drainage system as well as waterproofing in case of a high ground water level.

5.1.38. Cable tunnels, parts of the electrical machine rooms, in the junction with the electrical machine rooms must be separated from them by partitions with fire resistance rating of not less than 0.75 h or doors with a fire resistance rating of not less than 0.6 h. The possibility of opening the doors to both sides must be provided, and they must have an instant lock which can be opened without a key from the outside of the tunnel.

CHAPTER 5.2 

GENERATORS AND SYNCHRONOUS COMPENSATORS
SCOPE 

5.2.1. The present chapter of the Code covers stationary installation in special premises (machine rooms) or outdoor generators of thermal and hydraulic electric generating plants as well as synchronous compensators. Specified installations must comply with the requirements presented in chapter 5.1, except for 5.1.2, 5.1.14, clauses 8, 5.1.17, 5.1.31-5.1.33 Auxiliary generators and synchronous compensators (electrical motors, switchgears and start-control devices, switchboards, etc.) must comply with the requirements of relevant chapters of the Code.

GENERAL REQUIREMENTS 

5.2.2. Installed in the open air, generators, synchronous compensators and their auxiliary equipment must be specifically constructed.

5.2.3. The structure of generators and synchronous compensators must provide for their normal operation during 20-25 years with the possibility of replacement of worn-out and damaged components and assemblies using main lifting units and labour saving devices without full disassembly of a machine.

Structures of a hydrogenerator and its water supply system must provide the possibility of full withdrawal of water and absence of stagnant areas during repairs at any time of year.

5.2.4. Generators and synchronous compensators must be equipped with instrumentation according to chapter 1.6, control, alarm, protection units according to 3.2.34-3.2.50 and 3.2.72-3.2.90, with field suppressor devices of protection of the rotor from overvoltage, automatic excitation controller according to 3.3.52-3.3.60 and also, automatic devices for automatic start, operation and shut down of the unit. In addition, turbine-driven generators of a capacity of 100 MW or higher and synchronous compensators with hydrogen cooling must be equipped with remote control devices of vibration of bearings. Turbine-driven generators and hydrogenerators of a capacity of 300 MW or higher must be also fitted with oscillographs recording of preemergency process.

5.2.5. Generally, the panels of control, relay protection, automation, excitation and direct water cooling of the hydrogenerator must be placed close to it.

5.2.6. Generally, electrical and mechanical parameters of heavy duty turbine-driven generators and hydrogenerators must be optimal on the basis of load capacity. In case it is necessary to ensure stable operation, the parameters of generators can be assumed different from optimal parameters on the basis of the load capacity if justified by technical-economic calculations.

5.2.7. The voltage of generators must be based on technical-economic calculations upon agreement with the manufacturer and according to the requirements of the applicable GOST.

5.2.8. Installation of additional equipment for the purpose of using hydrogenerators in the capacity of synchronous compensators must be justified by technical-economic calculations.

5.2.9. Stationary, portable or standard lifting and transport devices and mechanisms must be provided for installation, disassembly and assembly of generators, synchronous compensators and their auxiliary equipment.

5.2.10. In case of using outdoor lifting cranes of hydroelectric power plants, simple facilities to exclude effects of rain and snow on the equipment if the rooms and mounting pads, which stay open for a long time, must be installed.

5.2.11. Electric generating plants must have premises for storage of rotor back-up winding bars. The rooms must be dry, heated, with a temperature at least +5 °С and fitted with special racks.

COOLING AND LUBRICATION 

5.2.12. In case of supply of marine or aggressive fresh water, gas coolers, heat exchangers and oil coolers, pipelines and their fittings must be made of materials resistant to corrosion.

5.2.13. Generators and synchronous compensators with open cooling system and hydrogenerators of a capacity of 1 MW or higher with partial air intake for heating must be equipped with filters for cleaning the air flowing there from outside and also, with devices for fast cut off of its supply in case of fire in the generator or the synchronous compensator.

5.2.14. In generators and synchronous compensators with closed air cooling system, the followings must be provided:

1. Chambers of cold and hot air must have tightly closed glass inspection doors.

2. The doors of chambers of cold and hot air must be made of steel, tightly closed, able to open outside and have instant locks with the possibility to be opened without keys from the inside of chambers.

3. Inside the chambers of cold and hot air, lighting with switches, placed outside, must be installed.

4. Ducts of hot air as well as condensers and water lines of steam turbines, if they are inside the cooling chambers, must be covered with heat insulation to prevent preheating of cold air and moisture condensation on the piping surfaces.

5. In chambers of cold air, drains for the water condensed on the air coolers must be installed. In turbine-driven generators, the pipe end, taking the water to the drainage, must contain a hydraulic gate. In addition, it is recommended to install an alarm device responding to signs of water in the discharge pipe.

6. The body, joints, air line and other sections must be tightly sealed to avoid any air inflow into the closed ventilation system. The doors of chambers of cold air of turbine-driven generators and synchronous compensators must be constructed so that they have arranged air inflow through a filter which is installed in the suction area (following the air cooler).

7. Walls of chambers and air ducts must be solid and painted with inflammable paint or faced with glazed tiles or inflammable plastic coating. The floors of chambers and foundations must have covering not allowing formation of dust (e.g. cement with marble aggregate or ceramic tiles).

5.2.15. Turbine-driven generators and synchronous compensators with hydrogen cooling must be equipped with the followings:

1. Centralized hydrogen supply installation with mechanized loading and unloading of gas bottles, gas pipelines for feeding with gas and monitoring instrumentation of parameters of gas (pressure, cleanness, etc.) in the generator and synchronous compensator.

One line (two if required) can be installed for hydrogen supply from gas holders to machine room. The arrangement of gas pipelines is circular and sectionalized. For synchronous compensators, only one line is constructed.

For prevention of formation of explosive gas mixture in hydrogen delivery and air supply lines, the possibility to create visible breaks upstream of the turbine-driven generator and synchronous compensators must be provided.

2. Centralized inert gas supply installation (carbon dioxide or nitrogen) with mechanized loading and unloading of gas bottles for displacement of the hydrogen or air from the generator (synchronous compensator), for blow-down and fire extinguishing in the main oil tank of the turbine, in support bearings of the generator and current distributors.

3. The main, back-up, and, for turbine-driven generators, also emergency oil supply sources of hydrogen seals, damping tank for supply for the end seals during the time required for emergency shutdown of the generator with vacuum breaking action of the turbine, for turbine-driven generators of a capacity of 60 MW or higher. The back-up and emergency sources of oil supply must be automatically actuated in case of tripping of the working source of oil supply as well as upon oil pressure drop.

4. Automatic oil pressure controller of hydrogen seals of the turbine-driven generators. In the oil supply arrangement, bypass control valves must be adjusting, but not stopping valves to exclude oil pressure jumps when switching from manual control to automatic and vice versa.

5. Devices for drying hydrogen included in the contour of hydrogen circulation in the generator or synchronous compensator.

6. A warning alarm operating in case of malfunctions of the gas and oil system of hydrogen cooling and deviation of its parameters (pressure, cleanness of hydrogen, oil- hydrogen differential pressure) from the design values.

7. Instrumentation and relay of automated equipment for control and regulation of the gas and oil system of hydrogen cooling; in this case, it is not permitted to install gas and electrical appliances on one enclosed panel.

8. Ventilation units in places of accumulation of gas of the main oil tank, oil chambers at the drain, support bearings of the turbine-driven generator, etc.

The foundations of turbine-driven generators and synchronous compensators must not have enclosed spaces where hydrogen can accumulate. In case of availability of spaces, constrained by engineering structures (beams, cross bars, etc.) where hydrogen can accumulate, a free vent upwards for hydrogen  must be provided from the highest points of such spaces (e.g. by filling up the pipes).

9. Drainage facilities for draining water and oil from the body. 

The drainage system must exclude hot gas overflow into the sections of cold gas.

10. Oil signs indicator in the turbine-driven generator (synchronous compensator).

11. Compressed air source with an excess pressure of at least 0.2 MPa with filter and air dryer.

5.2.16. Generators and synchronous compensators with water cooling of the windings must be equipped with the followings:

1. Pipelines of supply and discharge of distillate made of materials resistant to corrosion.

2. Main and back-up pumps for distillate.

3. Mechanic, magnetic and ion changers of distillate and devices for cleaning the distillate from gas impurities. Distillate must be free from salt and gas impurities.

4. An expansion vessel with protection of distillate from the ambient.

5. Main and back-up heat exchangers for cooling distillate.

In heat exchangers, the following must be used as the primary cooling water: service water for hydrogenerators and synchronous compensators, condensate from the condensate pumps of the turbine for turbine-driven generators, and, as a reserve, service water from the circulation pumps of gas coolers of generators as contingency.

6. A warning alarm and protection operating in case of deviations from the normal mode of operation of the water cooling system.

7. Instrumentation and relay of automated equipment for control and regulation of the water cooling system.

8. Hydrogen leak detection devices in the water cooling flow of the rotor winding.

9. Overflow pipes with valves brought out outside from the top points of the discharge and pressure headers of distillate, for removal of the air from the water cooling system of the stator winding when it is filled with distillate.

5.2.17. Filters should be installed in each system of pipelines supplying water to the gas coolers, heat exchangers and oil coolers; besides, the possibility of their cleaning and flushing without disruption of the normal operation of the generator and synchronous compensator must be allowed.

5.2.18. Each section of gas coolers and heat exchangers must have valves to disconnect it from the pressure and discharge headers and distribute water in separate sections.

In the common pipeline supplying water from all sections of coolers of each generator, a water flow valve must be installed across all sections of the cooler. In turbine-driven generators, it is recommended to install a hand wheel drive of this valve at the level of machine shop flooring.

5.2.19. Each section of gas coolers and heat exchangers at the highest point must have air discharge valves.

5.2.20. Temperature control of cooling water using recirculation devices must be provided in gas or air cooling system of turbine-driven generators and synchronous compensators.

5.2.21. In the cooling water supply system, a back-up pump must be automatically switched on when the operating pump is tripped and also, when the cooling water pressure drops. In synchronous compensators, a back-up supply from the permanently operating reliable source of cooling water (service water system, tanks, etc.) must be installed.

5.2.22. Flow meters must be installed in the process water supply pipeline of the generators.

5.2.23. On the site of the turbine connected to the turbine-driven generator which has water or hydrogen cooling, the followings must be installed: manometers, indicating pressure of cooling water in the pressure header, pressure of hydrogen in the tank of the turbine-driven generator, pressure of carbon dioxide (nitrogen) in the gas line to the generator; alarm devices of water pressure drop in the pressure header; gas control station; switchboards of gas and oil and water facilities.

5.2.24. Manometers must be installed on the pressure header and pumps at the place of installation of pumps of gas coolers, heat exchangers and oil coolers.

5.2.25. Pockets for mercury thermometers should be inbuilt on pressure and discharge lines of gas coolers, heat exchangers and oil coolers.

5.2.26. In synchronous compensators installed outdoors, the possibility to discharge water from the cooling system when the unit shuts down must be provided.

5.2.27. The gas system must comply with the requirements of normal operation of hydrogen cooling system and operations of replacement of the cooling medium in the turbine-driven generator and synchronous compensator.

5.2.28. The gas system must be made of weldfree pipes using gas-proof fittings. Gas pipelines must be accessible for inspection and maintenance and have protection against mechanical damages.

5.2.29. The pipelines of circulation systems of lubrication and hydrogen seals of turbine-driven generators and synchronous compensators with hydrogen cooling must be made of weldless pipes.

5.2.30. In turbine-driven generators of a capacity of 3 MW or higher, the bearings on the opposite side from the turbine, bearings of the exciter and hydrogen seals must be electrically insulated from the body and oil lines.

Construction of an insulated bearing and hydrogen seals must facilitate a random control of their insulation during operation of the unit. The bearings of the synchronous compensator must be electrically insulated from the body of the compensator and oil lines. In the synchronous compensator with a directly connected exciter, it is allowed to insulate only one bearing (from the side opposite to the exciter).

In hydrogenerators, thrust bearings and bearings located above the rotor must be electrically insulated from the body.

5.2.31. In each oil line of electrically insulated bearings of turbine-driven generators, synchronous compensators and horizontal hydrogenerators, it is necessary to install two electrically insulated flange connections in a suqential order. 
5.2.32. The bearings of turbine-driven generators, synchronous compensators and their exciters as well as hydrogen seals, oil baths of the bearings and thrust bearings of hydrogenerators must be constructed in a way to avoid sprinkling and ingress of oil and its vapours on the windings, contact rings and headers.

Drain pipes of bearings with circulation lubrication and hydrogen seals must have sight glasses for monitoring the jet of flowing oil. For lighting of the sight glasses, lights connected to the mains of emergency lighting must be used.

5.2.33. Automatic gas detectors of control of availability of hydrogen in crankcases of bearings and enclosed current distributors must be installed in turbine-driven generators with direct hydrogen cooling of the windings.

5.2.34. Combined cooling systems of generators and synchronous compensators must comply with the requirements of 5.2.13-5.2.15.

EXCITATION SYSTEMS 

5.2.35. The requirements specified in 5.2.36-5.2.52 cover stationary installations of excitation systems of turbine-driven generators, hydrogenerators and synchronous compensators.

5.2.36. An excitation system is a number of equipment, apparatuses and devices united by relevant circuits which provides necessary excitation of generators and synchronous compensators in normal and emergency conditions under the GOST and specifications.

The excitation system of a generator (synchronous compensator) includes: exciter (direct current generator, alternative current generator or transformer with a converter), automatic excitation controller, switching devices, instrumentation, facilities of protection of the rotor against overvoltage and protections of equipment of the excitation system against damages.

5.2.37. Electrical equipment and devices of excitation systems must comply with the requirements of the GOST for synchronous generators and compensators and specifications for such equipment and devices.

5.2.38. Excitation systems with an effective operating voltage or sustained overvoltage (e.g. in case of a field forcing) exceeding 1 kV must be implemented according to the requirements of this Code applied to electrical installations higher than 1 kV. Switching surge voltage is taken into account while determining overvoltages for valve-type excitation systems.

5.2.39. Excitation systems must be equipped with control, protection, alarm units and instrumentation in the amount allowing automatic start-up, operation in all designed modes as well as shut down of the generator and synchronous compensator of electric generating plants and substations without permanent attendance of staff.

5.2.40. Control boards and panels, instruments and warning alarm of a cooling system as well as power converters of thyristor or other semiconducting exciters must be located close to each other. It is allowed to install heat exchangers in another premise, but the control panel for the heat exchanger must be installed near it.

The control board (panel) which can control excitation must be equipped with excitation monitoring devices.

5.2.41. Rectifier units of excitation systems of generators and synchronous compensators must be equipped with alarm and protection operating if the temperature of cooling medium or valves exceeds the permissible value and must be also fitted with instrumentation for monitoring of the temperature of cooling medium and installation current strength. If there are several groups of rectifiers in the rectifier unit, the current strength of each group must be monitored.

5.2.42. Excitation systems must be equipped with insulation monitoring devices allowing to measure insulation during operation and also, to give alarm about any decrease of the insulation resistance below the standard. It is allowed to implement such an alarm for brushless excitation systems.

5.2.43. Excitation system circuits connected to anodes and cathodes of rectifier units must be constructed with the level of insulation corresponding to the appropriate test voltages of anode and cathode circuits.

Connections of rectifier circuits, cathode circuits of separate groups as well as other circuits in case of uncompensated pulse or alternative currents must be made with a cable without metal sheaths.

Voltage circuits of the excitation winding of the generator or synchronous compensator for measuring and connecting of automatic excitation controller must be implemented by a separate cable with an increased level of insulation without connection via routine rows of terminals. The connection to the excitation winding must be done via a closer.

5.2.44. In case of connection of field suppressors with a rotor circuit break as well as if static exciters are used with converters, the rotor winding must be protected by a multiple operation discharger. A single operation discharger can be used. The discharger must be connected to the rotor in parallel through active resistance designed for a long period of operation in case of a discharger breakdown in the mode with an excitation voltage equal to 110% of the nominal voltage.

5.2.45. The dischargers specified in 5.2.44 must have an actuation alarm.

5.2.46. The excitation system of generators and synchronous compensators must be constructed so that:

1. Tripping of any switching device in the automatic excitation controller circuits and exciter control does not cause faulty forcing during start-up, shut down and generator no-load conditions.
2. Loss of voltage of an operative current in automatic excitation controller circuits and exciter control does not cause disruption of the operation of the generator and synchronous compensator.
3. It is possible to repair rectifiers and their auxiliary devices and perform other operations if the turbine-driven generator operates from a redundancy exciter. This requirement does not cover brushless excitation systems.
4. To exclude the possibility of failures of the excitation system in case of short circuits in the rotor circuits and its contact rings. In case when static converters are used, it is allowed to protect them with circuit breakers and safety fuses.

5.2.47. Thyristor excitation systems must allow the possibility to suppress the field of generators and synchronous compensators to the inverter conditions.

In excitation systems with static converters constructed according to the self-excitation circuit as well as in excitation systems with cross-field exciters, a field suppressor must be used.

5.2.48. A ll excitation systems (main and back-up) must contain devices which, in case of sending an impulse to suppress the field, completely de-excite (break the field) the synchronous generator or compensator irrespective of actuation of the field suppressor.

5.2.49. The water cooling system of the exciter must provide full drainage of water from the system, air release when the system is filled with water, random cleaning of the heat exchangers.

Closing and opening of the valves of the cooling system of one of the exciters must not cause change in the cooling mode of the other exciter.

5.2.50. The floor of premises of rectifier units with water cooling system must be constructed so that in case of water leaks it can not flow to the current distributors, switchgear and control gear and other electrical equipment located below the cooling system.

5.2.51. Direct current cross-field exciters (the main ones during operation without automatic excitation controllers and the back-up one) must have excitation relay forcing.

5.2.52. Turbine-driven generators must have a back-up excitation which circuit must provide switching from the working excitation to the back-up and vice versa without disconnecting generators from the mains. In turbine-driven generators of a capacity of 12 MW and less, the energy system chief engineer decides on the necessity to install a back-up excitation.

Back-up exciters are not installed in hydroelectric power plants.

5.2.53. In turbine-driven generators with direct cooling of the rotor winding, the switching of the working excitation to the back-up excitation and vice versa must be remote.

5.2.54. The excitation system of the hydrogenerator must ensure its initial excitation in case of unavailability of alternative current in the auxiliary system of the hydroelectric power plant.

5.2.55. If requested by the customer, the excitation system must be designed for automatic control if the synchronous generators and compensators are switched to the back-up mode and the back-up ones are switched on.

5.2.56. During breakdown of the automatic excitation controller, all excitation systems must have facilities providing normal excitation, de-excitation and field suppression of the synchronous machine.

LOCATION AND INSTALLATION OF GENERATORS AND SYNCHRONOUS COMPENSATORS 

5.2.57. The distance from the generators and synchronous compensators to the building walls as well as the distances between them are determined by the process conditions, but they must not be less than those given in 5.1.11-5.1.13.

Dimensions of the machine room must be chosen on the basis of the followings:

1) possibility of assembly and disassembly of units without shutdown of running units;

2) usage of cranes with special, generally rigid gripper assemblies allowing to use the crane movement fully;

3) refusal to use the crane lift and lower some long, but relatively light parts of the unit (rods, bars) and their installation with special lifting gear;
4) possibility to place assemblies and components during installation and repair of the unit.

5.2.58. The foundation and structure of generators and synchronous compensators must be constructed so that the vibration of the equipment, foundation and building during operation of the equipment does not exceed the values defined by the standards.

5.2.59. It is permitted to install compressed air collectors at the hydrogenerators.

5.2.60. Turbine-driven generators and synchronous compensators with air cooling and hydrogenerators must have devices of water extinguishing. Other devices can be also used.

In hydrogenerators of automated hydroelectric stations as well as synchronous compensators with air cooling, which are installed in substations without permanent attendance of staff, fire extinguishing must be automatic. Locking devices of water intake in the machine is put into action directly from the differential protection or in case of simultaneous actuation of the differential protection and special fire fighting sensors.

Water input must be constructed so that any water leaks in the generator and synchronous compensator in operating conditions can be completely eliminated.

5.2.61. Drainage of used water into a drainage system must be installed in the fire fighting system of hydrogenerators.

5.2.62. For fire extinguishing in turbine-driven generators and synchronous compensators with indirect hydrogen cooling if the machine operates in the air (precomissioning), the possibility of using a carbon dioxide (nitrogenous) unit must be provided according to the requirements of 5.2.15, clasue 2.

5.2.63. Carbon dioxide bottles (nitrogen) installed in the central carbon dioxide (nitrogenous) unit must be stored in the conditions specified by the regulations of the State Committee for Industrial and Mining Safety Supervision of Russia.

Chapter 5.3
ELECTRICAL MOTORS
AND THEIR SWITCHING DEVICES
SCOPE
5.3.1. The present chapter of the Code covers electrical motors and their switching devices in stationary installations of production and other rooms of different purposes. These installations are also covered by the requirements specified in 5.1.11, 5.1.13, 5.1.17, 5.1.19 and relevant requirements of other chapters to the extent they are not modified by the present chapter. 

GENERAL REQUIREMENTS
5.3.2. Measures for provision of a reliable power supply must be chosen in accordance with the requirements of chapter 1.2 depending on the category of electrical appliances responsibility. These measures can be applied not to separate electrical motors, but to transformers, converter substations, switchgears and switching points feeding them.
A redundant line for the line feeding an electrical motor directly is not required regardless of the electrical supply responsibility category.
5.3.3. If it is necessary to assure the continuity of the technological process upon the failure of the electrical motor, its switching devices or the line feeding the electrical motor directly, the redundancy should be implemented by the installation of a back-up process unit or other ways.

5.3.4. Electrical motors and their switching devices must be selected and installed so, and, if there is a need, provided with such a cooling system, that the temperature does not exceed the permissible value during their operation (see also 5.3.20).

5.3.5.
 Electrical motors and devices must be installed so they can be accessible for examination and replacement, as well as, for repairs on-site. If an electrical installation contains electrical motors or devices with the weight of 100 kg and more, lifting tackles must be envisaged for them.

5.3.6. Rotating parts of electrical motors and parts connecting electrical motors with devices (couplers, pulleys) must have guards preventing accidental contact. 

5.3.7. Electrical motors and their switching devices must be grounded or have neutral grounding in accordance with the requirements of chapter 1.7.

5.3.8. Enclosures of electrical motors must comply with the environment conditions.

SELECTION OF ELECTRICAL MOTORS 

5.3.9. The electrical and mechanical parameters of electrical motors (rated-power output, voltage, operating speed, relative duration of operation period, starting, minimum, maximum torques, operating speed control limits, etc.) must correspond to the parameters of devices driven by them in all modes of their operation in this installation. 

5.3.10. Self-starting of electrical motors of devices which operation is required as per technological conditions and is permissible as per safety conditions after short term interruption of power supply or voltage reduction caused by tripping due to a short circuit, operation of automatic reclosers or automatic transfer switches must be  implemented. 
For devices with self-starting, the use of electrical motors and transformers with higher power than it is needed for their normal sustained operation is not required, as a rule.

5.3.11. For driving devices not requiring operating speed control, regardless of their power, it is recommended to use synchronous or asynchronous electrical motors with a short-circuited rotor. 

For driving devices with difficult conditions of startup or operation or for those which require the change of operational speed, electrical motors with the simplest and energy-conserving methods of startup or operating speed control possible for this installation should be used.
5.3.12. Synchronous electrical motors, as a rule, must have devices for field forcing and compounding. 

5.3.13. When the power of synchronous electrical motors can assure regulation of voltage or reactive power mode in this unit of load, they must have automatic controllers of excitation according to 3.3.39.

5.3.14. Direct current electrical motors can be used only when alternative current electrical motors do not maintain the required characteristics of a device or they are inefficient.

5.3.15. Electrical motors installed in rooms with normal environment must have, as a rule, IP00 or IP20 housings.

5.3.16. Electrical motors installed outdoors must have IP44 housing at least, or a special housing corresponding to the conditions of their operation (e.g. for outdoor chemical installations, for especially low temperatures).

5.3.17. Electrical motors installed inside the rooms where settlement of dust or other substances, compromising natural cooling, is possible on windings, must have housings IP44 at least, or housings blown by clean air. The housing of a blown electrical motor, air-ducts and all connections and joints must be closely sealed to prevent the suction of air in the ventilation system.

With a blown housing of an electrical motor, it is recommended to use valves to prevent the suction of air upon the electrical motor stop. The heating of external (cold) air is not required.

5.3.18. Electrical motors installed in wet and particularly wet places must have housings not less than IP43 and insulation designed to sustain the impact of moisture and dust (with special coating, water-resistant insulation, etc.). 

5.3.19. Electrical motors installed in places with chemically active vapours or gases must have housings IP44 at least or housings blown by clean air in compliance with the requirements presented in 5.3.17. It is also allowed to use electrical motors with housings of not less than IP33, but with the insulation resistant to chemicals or with exposed uninsulated live parts closed by caps or other measures. 

5.3.20. For electrical motors installed in rooms with air temperature of more than +40 °C measures must be taken to prevent their inadmissible heating (e.g. forced ventilation with cooling air supply, external blowing etc.).

5.3.21. With the closed forced ventilation system of electrical motors instruments for monitoring air and cooling water temperature must be used.

5.3.22. Electrical motors fitted with temperature indicators included in windings or magnetic conductors must have leads from the latter to special boards making regular measurements easy. As a rule, panel-type instruments should not be provided for this purpose. 

ELECTRICAL MOTOR INSTALLATION 

5.3.23. Electrical motors must be selected and installed so that there is no ingress of water, oil, emulsion, etc. on their windings and current collectors, and the vibration of the equipment, foundations and building parts does not exceed permissible values.  

5.3.24. Noise created by electrical motor along with driven devices must not exceed the level permissible by sanitary regulations. 

5.3.25. Maintenance passages between foundations or electrical motor housings, between electrical motors and building parts or equipment must not be less than those specified in chapter 5.1.

5.3.26. Electrical motors and devices, except for those having protection class rating of not less than IP44, and resisters and rheostats of any protection class rating must be installed at a distance of not less than 1 m from building structures constructed of combustible materials. 
5.3.27. Synchronous electrical machines with power of 1 MW and more and direct current machines with power of 1 MW and more must have electrical insulation of one of the bearings from the foundation plate to prevent the formation of a closed circuit through the shaft and bearings of the machine. In this case, a bearing on the side of the exciter and all bearings of the exciter must be insulated on synchronous machines. The oil supply lines of these electrical machines must be insulated from bodies of their bearings.

5.3.28. Electrical motors higher than 1 kV can be installed directly in production rooms observing the following conditions:

1. Electrical motors having leads under the stator or requiring special devices for cooling should be installed on the foundation with a chamber (foundation pit). 

2. The foundation pit of an electrical motor must comply with the requirements applied to the chambers of indoor switchgears higher than 1 kV (see chapter 4.2.).

3. Dimensions of a foundation pit must not be less than those admissible for semi-accessible cable tunnels (see 2.3.125).

5.3.29. Cables and wires connected to electrical motors installed on vibration-isolating pads in the area between movable and fixed parts of the pad must have flexible copper cores.

SWITCHING DEVICES
5.3.30. For a group of electrical motors used for driving one machine or a number of machines, involved in one technological process, as a rule, one common device or a set of switching devices should be used if it is justified by requirements of convenience or operation safety. In the rest of cases, each electrical motor must have its own switching devices.

Switching devices in electrical motor circuits must disconnect all energized wires simultaneously from the main. In the circuit of separate electrical motors it is allowed to have a device disconnecting not all wires, if a device disconnecting all wires is installed in the common circuit of the group of such electrical motors. 

5.3.31. If remote or automatic control is implemented for an electrical motor of any machine, near the latter an emergency tripping device excluding a possibility of remote or automatic startup of the electrical motor prior to the forced reset of this device must be installed.

Iinstallation of an emergency tripping device is not required near the machines:

a) located within the sight from the place of control;

b) accessible only to qualified maintenance staff (e.g. fans installed on roofs, fans and pumps installed in separate rooms); 

c) which design excludes the possibility of accidental contact with moving and rotating parts; near these machines posters warning about the possibility of remote or automatic startup must be fixed;   

d) having a local control device fixed for a trip command.

Expediency of installation of local control devices (startup, stop) near the machines with remote or automatic control must be determined during designing depending on the requirements of technology, safety conditions and organization of control of this installation.

5.3.32. Control circuits of electrical motors can be fed both from the main circuits and other electric energy supplies if it is required by technical needs. 

In order to avoid unexpected startups of an electrical motor during the recovery of voltage in the main circuits, interlocking communication must be implemented assuring automatic breaking of the main circuit in all cases of loss of voltage, if self-starting is not provided.
5.3.33. On the bodies of control and disconnecting devices clear signs must be available allowing easy recognition whether the lever of the control device is in the position on or off. If by the state of the control device the operator can not determine whether the main circuit of an electrical motor is energized on or not, it is recommended to use light signaling.

5.3.34. Switching devices must commutate without damage and abnormal wear the biggest currents of the normal modes of operation of an electrical motor they control (starting, breaking, reversing, operating). If reversing and breaking do not occur in the normal mode, but are possible upon incorrect operations, the switching devices must commutate these operations without deterioration. 

5.3.35. Switching devices must be immune to short circuit rated currents (see chapter 1.4).
5.3.36. Electrical and mechanical parameters of switching devices must comply with the characteristics of the driven gear in all the modes of its operation in this installation. 

5.3.37. Use of push-on contact connectors for control of portable electrical motors is allowed only if the electrical motor power is not more than 1 kW.

Push-on contact connectors used for connection of mobile electrical motors with a power of more than 1 kV must be fitted with blocking device upon operation of which opening and closing of a connection are possible with switched off position of the starter in the main (power) circuit of the electrical motor.

5.3.38. Connection of the windings of magnetic starters, contactors and circuit breakers to the mains up to 1 kV with a grounded neutral can be implemented on line-to-line or phase voltage.

When connecting the windings of the above-mentioned devices to line-to-earth voltage, all three phases of the tapping to the electrical motor must be disconnected simultaneously by a circuit breaker, and if fuses are used for protection – by special devices delivering a trip command to the starter or contactor upon blowing of fuses in one or any two phases. 

When the winding is connected to line-to-earth voltage, its zero lead must be reliably connected to the zero operating wire of the feeding line or separate insulated wire connected to the main zero point. 

5.3.39. Switching devices of electrical motors fed according to the scheme transformer-electrical motor unit should be, as a rule, installed at the input from the main feeding the unit without their installation at the input of the electrical motor.

5.3.40. If remote or automatic control is implemented for devices, preliminary (prior to startup) alarm or audible announcement about upcoming startup must be used. Such an alarm and such an audible announcement is not required for devices near which the installation of an emergency tripping device is not needed (see 5.3.31).

5.3.41. Wires and cables connecting starter rheostats with the phase rotors of asynchronous electrical motors must be selected as per sustained permissible current for the following conditions:

operation with a short circuit of electrical motor coils: with the device startup static moment not exceeding 50% of the rated moment of the electrical motor (easy start), - 35% of the rated current of a rotor, in the rest of cases – 50% of the rated current of a rotor;

operation without of a short circuit of the electrical motor – 100% of the rated current of a rotor.

5.3.42. Startup of asynchronous electrical motors with a short-circuited rotor and synchronous electrical motors must be carried out, as a rule, by direct connection to the main (direct startup). If direct startup is not possible, startup should be carried out through a reactor, transformer or autotransformer. In specific cases, it is allowed to use the startup with the increase of the main frequency from zero.

PROTECTION OF ASYNCHRONOUS AND SYNCHRONOUS ELECTRICAL MOTORS WITH VOLTAGE HIGHER THAN 1 KV
5.3.43. For electrical motors protection against multiphase short circuits (see 5.3.46) and, in cases, specified below, protection against one-phase ground short circuits (see 5.3.48), protection against overload currents (see 5.3.49) and protection of minimum voltage (see 5.3.52 and 5.3.53) must be implemented. For synchronous electrical motors, in addition, there must be used protection against asynchronous mode (see 5.3.50 and 5.3.51) which can be combined with protection against overload currents.

Protection of electrical motors with variable operating speed must be implemented for each operating speed as a separate set acting on its breaker.

5.3.44. On electrical motors with forced lubrication of bearings, alarm operating protection and protection delivering a trip command to the electrical motor should be used upon increase of temperature or interruption of lubrication.
On electrical motors with forced ventilation alarm operating protection and protection delivering a trip command to the electrical motor should be used upon increase of temperature or interruption of ventilation operation.
5.3.45. Electrical motors with water cooling of windings and active steel of the stator, as well as those with built-in air coolers cooled by water must have alarm operating protection upon decrease of water flow below the preset value and protection delivering a trip command to the electrical motor upon interruption of water flow. In addition, alarm operating upon ingress of water into the electrical motor housing must be used.

5.3.46. For protection of electrical motors against multiphase short circuits in cases when fuses are not used, the followings must be implemented:
1. A current one-relay cut-off without a time lag tuned away from starter currents with remote starters, with direct-action and indirect-action relays set for the difference of the currents of two phases – for electrical motors with a power of less than 2 MW.
2. A current two-relay cut-off without a time lag tuned away from starter currents with remote starters, with direct-action and indirect-action relays – for electrical motors with a power of 2 MW and more with tripping protection against one-phase ground short circuits (see 5.3.48), as well as for electrical motors with power less than 2 MW, when the protection as per clause 1 does not comply with the requirements of sensitivity or the two-relay cut-off is efficient for implementation of package protection or used drive with a direct-action relay. 
If protection against one-phase ground short circuits is not available, the current cut-off of electrical motors with a power of 2 MW and more can be implemented as a three-relay one with three current transformers. It is allowed to use a two-phase protection with additional protection against double ground short circuits implemented with a zero sequence current transformer and a current relay.

3. A longitudinal differential current protection – for electrical motors with a power of 5 MW and more, as well as less than 5 MW, if installation of current cut-offs as per clauses 1 and 2 does not assure the compliance with sensitivity requirements; the longitudinal differential protection of electrical motors, when they have protection against ground short circuits, must be the two-phase one, and if such a protection is not available – the three-phase one with three current transformers. It is allowed to use a two-phase protection with additional protection against double ground short circuits implemented with a zero sequence current transformer and a current relay.

For electrical motors with a power of 5 MW and more without six leads of the stator winding, a current cut-off must be used. 

5.3.47. For transformer (autotransformer)-electrical motor units a common protection against multiphase short circuits must be implemented:
1. A current cut-off without a time lag tuned away from starter currents with remote starters (see also 5.3.46) – for electrical motors with power up to 2 MW. When connecting transformer windings as per star or delta scheme, the cut-off shall include three current relays: two relays connected for phase currents and one replay – for the sum of these currents.
If it is impossible to install three relays (e.g. with limited number of direct-current relays), the scheme with two relays connected to three current transformers secondary windings linked in delta can be used. 

2. A differential cut-off with two relays tuned away from surges of magnetization current of a transformer – for electrical motors with a power of more than 2 MW, as well as 2 MW and less, when the protection as per clause 1 does not comply with the requirements of sensitivity at line-to-line short circuits on an electrical motor leads.
3. A longitudinal differential current protection with two relays with intermediate saturable current transformers - for electrical motors with a power of more than 5 MW, as well as 5 MW and less, when the installation of cut-offs as per clauses 1 and 2 does not comply with the requirements of sensitivity.
Evaluation of sensitivity is carried out in accordance with 3.2.19 and 3.2.20 at short circuits on an electrical motor leads. 

Protection must deliver a trip command to the unit breaker, and for synchronous electrical motors – to deliver a trip command to the field suppressor as well, provided the latter is installed.

For units with electrical motors with a power of more than 20 MW, as a rule, protection against ground short circuits covering not less than 85 % of turns of the electrical motor stator winding and operating to give alarm with a time lag must be implemented.
Instructions for implementation of other types of protection of transformers (autotransformers) see 3.2.51 and 3.2.53) and electrical motors during their separate operation are also applicable when they make part of a transformer (autotransformer)-electrical motor unit.

5.3.48. Protection of electrical motors with a power of 2 MW against ground short circuits in the absence of compensation must be used at ground short circuit currents of 10 A and more; with compensation – if residual current in normal conditions exceeds this value. This protection for electrical motors with a power of more than 2 MW must be used at currents of 5 A and more.

The current of operation of electrical motor protections against ground short circuits must not be more than: 10 A for electrical motors with a power up to 2 MW, 5 A and for electrical motors with a power of more than 2 MW. Smaller currents are recommended if it does not make the protection more complicated.

Protection should be implemented without a time lag (except for electrical motors for which deceleration of protection is required as per conditions of tuning away from transient processes) with the use of zero sequence current transformers installed, as a rule, in switchgears. When installation of zero sequence current transformers in switchgears is not possible or it may cause the increase of the protection time lag, it is allowed to install them at the electrical motor leads in the foundation pits. 

If according to the conditions of tuning away from transient processes protection must have a time lag, an additional current relay with the primary operation current of 50-100 A must be installed in different points to ensure quick-operating clearing of double ground short circuits. 
Protection must deliver a trip command to the electrical motor, and for synchronous electrical motors – to deliver a trip command to the field suppressor as well, provided the latter is installed.

5.3.49. An overload protection must be used on electrical motors subject of overload due to process reasons, and on electrical motors with particularly heavy starting and self-starting duty (duration of direct starting directly from the main 20 s and more), which overload is possible upon excessive increase of the duration of starting period as a result of voltage reduction in the main. 

An overload protection should be implemented in one phase with current dependent or independent time lag tuned away from the duration of starting of an electrical motor in normal conditions and self-starting after the operation of an automatic transfer switch and automatic recloser. To prevent excessive operation at sustained field forcing the time lag of overload protection of synchronous electrical motors must be, where possible, close to the maximum permissible value in regards to the thermal characteristic of the electrical motor.
On electrical motors subject to overload due to process reasons, protection, as a rule, must operate to give an alarm or trigger automatic unloading of the machine.
Operation of the protection to deliver a trip command to the electrical motor is allowed:

on electrical motors of the machines without the possibility of timely unloading without shutdown, or on electrical motors operating without permanent attendance of staff; 

on electrical motors with heavy starting and self-starting conditions.

For electrical motors protected against short circuits by fuses without additional contacts for alarm indicating their blowing, the overload protection must be implemented in two phases.
5.3.50. Protection of synchronous electrical motors from asynchronous mode can be implemented by dint of a relay responding to the increase of current in the stator windings; it must be tuned away in terms of time from starting mode and from current upon the operation of field forcing. 
Protection, as a rule, must be implemented with a current independent characteristic of a time lag. It is allowed to use the protection with current depended characteristic on electrical motors with a short circuit ratio of more than 1.

When implementing protection scheme measures must be taken to prevent the failure of protection at asynchronous mode current beats. It is allowed to use other methods of protection ensuring reliable operation of the protection upon occurrence of asynchronous mode.

5.3.51. Protection of synchronous electrical motors from asynchronous mode must effect with a time lag to one of the circuits making possible:

1) resynchronization;

2) resynchronization with automatic short term unloading of a machine to such a load at which the electrical motor begins operating in the synchronous mode (if a short term unloading is admissible under the conditions of technological process);

3) tripping of an electrical motor and automatic restarting;

4) tripping of an electrical motor (if its unloading or resynchronization are impossible, if automatic restarting or resynchronization are not required by the conditions of technological process).

5.3.52. In order to ease conditions of voltage recovery after clearing of a short circuit and ensure restarting of responsible machine electrical motors, protection should switch off the minimum voltage of electrical motors of non responsible machines with the total power determined by the capability of the power supply and the main to assure self-starting.

Time lags of the minimum voltage protection must be selected within the limits from 0.5 to 1.5 s – by one stage more than the time of operation of quick response protections from multiphase short circuits, and voltage set points must be, as a rule, not higher than 70% of the rated voltage.
With synchronous electrical motors available, if voltage on the disconnected section attenuates slowly, the field suppression of synchronous electrical motors of responsible machines must be used for the purpose of speed-up of automatic transfer switches and automatic reclosers by dint of protection of the minimum frequency or other methods ensuring the fastest registration of power loss.

The same means can be used for tripping of non responsible synchronous electrical motors, as well as for prevention of non-synchronous startup of tripped motors, if turnoff currents exceed the permissible values.

In the electrical installations of industrial enterprises when simultaneous self-starting of all electrical motors of responsible machines is not possible (see 5.3.10) switching off of a part of such responsible machines and their automatic restarting after self-starting of the first group of electrical motors should be ensured. The following groups can be switched on as per current, voltage or time. 

5.3.53. Protection of the minimum voltage with a time lag of not more than 10 s and a voltage set point, as a rule, not more than 50% of the rated voltage (except for cases presented in 5.3.52) must be installed on electrical motors of responsible machines also, when the self-starting of machines after shutdown is inadmissible under the conditions of technological process or safety and, in addition, when self-starting of all electrical motors of responsible machines is not possible (see  5.3.52). In addition to these cases, this protection should be used to ensure the reliability of closing of the automatic transfer switch of electrical motors of machines under mutual redundancy.

On electrical motors with variable operating speed of responsible machines which self-starting is admissible and expedient, the minimum voltage protections must carry out automatic switching to the lower operating speed.
5.3.54. Automatic field suppression must be used on synchronous electrical motors. For electrical motors with a power of 2 MW and more, field suppression is implemented by inclusion of a resistor in the excitation circuit of the winding. For electrical motors with a power of less than 2 MW, it is allowed to implement field suppression by inclusion of a resistor in the excitation winding circuit of the exciter. For synchronous electrical motors of less than 0.5 MW, field suppression is not required, as a rule. On synchronous electrical motors fitted with an excitation system made with the use of controllable semiconducting elements, field suppression, regardless of the motor power, can be implemented by inversion if it is provided by the feed circuit. Alternatively, field suppression must be implemented by inclusion of a resistor in the circuit of the excitation winding.

PROTECTION OF ELECTRICAL MOTORS WITH VOLTAGE UP TO 1 KV (ASYNCHRONOUS, SYNCHRONOUS AND DIRECT CURRENT)

5.3.55. For direct current electrical motors protection against multiphase short circuits (see 5.3.56), in mains with a dead-earth grounded neutral – also against one-phase short circuits, and in cases specified in 5.3.57 and 5.3.58 - in addition, protection against overload currents and protection of minimum voltage must be implemented. On synchronous electrical motors (if synchronous operation is impossible with full load) an additional protection against the asynchronous mode must be implemented according to 5.3.59. 
For direct current electrical motors, protection against short circuits must be implemented. If required, additional protections against overload and excessive increase of operating speed must be implemented.

5.3.56. For protection of electrical motors against short circuits fuses or circuit breakers must be used.

The rated currents of fuse links of fuses and releasers of circuit breakers must be selected in a way to ensure a reliable short circuit clearing on electrical motor terminals (see 1.7.79 and 3.1.8) and, at the same time to prevent tripping by this protection of electrical motors during current surges which are normal for this electrical installation (peaks of process loads, starting currents, self-starting currents, etc.). To this effect, for electrical motors of machines with easy starting duty, the ratio of the electrical motor starting current to the fuse link rated current must not be more than 2.5, and for electrical motors of machines with heavy starting duty (long duration of acceleration, frequent startups etc.) this ratio must be equal to 2.0-1.6.

For electrical motors of responsible machines, in order to ensure especially reliable tuning away of fuses from current surges, it is allowed to assume this ratio equal to 1.6, regardless of the conditions of the electrical motor startup, if the ratio of short circuit current on the electrical motor terminals makes up the value of not less than those specified in 3.1.8. 

It is allowed to implement protection against short circuits with the use of one common device for a group of electrical motors provided that this protection ensures the heat resistance of starters and protection devices from overloads used in the circuits of each electrical motor of this group. 
At electric generating plants circuit breakers must be used for protection against short circuits of auxiliary electrical motors involved in the technological process. With insufficient sensitivity of electromagnetic releasers of circuit breakers, remote current relays triggering an independent releaser of the breaker can be used in the system of the electric generating plant auxiliaries.

For reliable provision of selectivity of protections in the feeding main of an electric generating plant auxiliaries, it is recommended to use electromagnetic releaser-cut-offs as the electrical motor protection against short circuits.

5.3.57. Protection of electrical motors against overload must be installed when overload of a machine is possible due to process reasons, as well as in case when at especially heavy starting or self-starting duty it is necessary to limit the duration of the starting at a reduced voltage. The protection must be implemented with a time lag using a temperature relay or other devices.

Protection against overload must deliver a trip command, signal or unload command to the machine, if the unload is possible.
Protection against overload is not required for electrical motors with repeated short term mode of operation.

5.3.58. The minimum voltage protection must be installed in the following cases: 

for direct current electrical motors which can not be connected to the main directly;

for electrical motors of machines which self-starting after shutdown is inadmissible under the conditions of technological process or safety;

for a part of other electrical motors in accordance with conditions presented in 5.3.52.

In control circuits of responsible electrical motors which require self-starting if their switching on is carried out by dint of contactors and starters with a holding winding, mechanical or electrical devices of time lag ensuring switching on of an electrical motor upon recovery of voltage within a set time must be used. For such electrical motors, if it is admissible as per conditions of technological process and safety, breakers can be used instead of control buttons so that the circuit of the holding winding remains closed, in addition to auxiliary contacts of the starter, thus ensuring automatic restarting upon recovery of voltage regardless of the duration of power supply interruption.
5.3.59. For synchronous electrical motors, protection against asynchronous mode must be, as a rule, implemented by dint of protection against overload as per the stator current.

5.3.60. Protection against short circuits in alternative and direct current electrical motors must be provided:

1) in electrical installations with a grounded neutral – in all phases or poles;

2) in electrical installations with an insulated neutral:

with protection by fuses - in all phases or poles;

with protection by circuit breakers – not less than in two phases or one pole; in this case, within the same electrical installation the protection must be installed in the same phases or poles. 
Protection of alternative current electrical motors against overloads must be implemented:

in two phases with protection of electrical motors against short circuits by fuses;

in one phase with protection of electrical motors against short circuits by circuit breakers.

Protection of direct current electrical motors against overloads must be installed in one pole.

5.3.61. Devices of protection of electrical motors must comply with the requirements of chapter 3.1. All types of protection of electrical motors against short circuits, overload, the minimum voltage can be implemented with the use of appropriate releasers integrated in one device. 

5.3.62. Special types of protection against operation with two phases can be used as an exception on electrical motors without protection against overload for which there is an increased possibility of loss of one phase leading to the failure of the electrical motor with severe consequences.

Chapter 5.4
CRANE ELECTRICAL EQUIPMENT
SCOPE, DEFINITIONS
5.4.1. The present chapter of the Code covers the electrical equipment of bridge, gantry, tower, cable and other cranes with voltage up to 10 kV installed on a foundation or gantry rail, as well as the electrical equipment of one-rail carriages and electric hoists inside buildings and structures and outdoors. In addition, the electrical equipment of cranes must comply with the requirements of applicable Rules for Installation and Safe Operation of Lifting Cranes of the State Committee for Industrial and Mining Safety Supervision of the Russia.

The chapter does not apply to deck, floating, railway, truck and other similar cranes.

5.4.2. In addition to the requirements of this chapter, the electrical equipment of cranes* installed in explosion-hazardous and fire-hazardous rooms and areas must also comply with the requirements of 7.3 and 7.4, respectively.

_______________

*In the text of the present chapter the term "cranes" applies not only to cranes, but also to one-rail carriages and electric hoists. 

5.4.3. Main trolleys are trolleys located outside of a crane. 

Crane trolleys are trolleys installed the crane.

5.4.4. A small size trolley current distributor (busbar) is a device closed by an enclosure consisting of trolleys, insulators and a carriage with current collectors. The small size trolley current distributor can be used to supply power to a crane or its crab, to control one-rail carriages and electric hoists etc.

5.4.5. A repair yard is a place where a crane is placed for the time of repair.

A repair area of main trolleys is an area of these trolleys within the limits of a repair yard. 

5.4.6. A section of main trolleys is a section of these trolleys located outside of repair yards and separated by an insulated joint from each adjoining section, including from repair sections.

GENERAL REQUIREMENTS
5.4.7. Electrical supply of a crane must be carried out by dint of: 

1) main trolleys, including by dint of a small size trolley current distributor;

2) stationary power points on which current collecting contacts the sections of trolleys ("contact skies”) fixed on a crane slide;

3) a circular current lead;

4) a flexible cable; 

5) a stationary current distributor (for cranes installed on foundations). 
5.4.8. The version of electrical equipment (electrical motors, devices etc.) of cranes must comply with the environmental conditions. 

5.4.9. Voltage of alternative and direct current electrical motors and converter units (static and rotating) installed on cranes must not be more than 10 kV. Use of voltage higher than 1 kV must be grounded by calculations.

5.4.10. On cranes it is allowed to install transformers with voltage up to 10 kV and capacitors to increase the level of compensation of reactive power. Transformers must be dry or filled up with incombustible liquid dielectric. Capacitors must be impregnated with incombustible synthetic liquid.

5.4.11. Uninsulated live parts of electrical equipment of a crane must be guarded if their location does not exclude accidental contact with people being in the control cabin, on galleries and platforms of the crane or near them. For trolleys, see 5.4.30-5.4.33.

Electrical equipment with uninsulated live parts (magnet controllers, resister boxes etc.) automatically deenergized upon the entry in the place of their installation as well as electrical equipment installed in instrument cabins and other electrical equipment rooms locked during the crane operation are not guarded.
The distances from the crane bridge floor and its carriage to unprotected insulated wires are given in chapter 2.1, to uninsulated current distributors – in chapter 2.2 and to lamps – in chapter 6.1.

5.4.12. Manual controls in crane cabins must be installed so that the crane operator can work in a sitting position. The direction of movement of a level and wheel of devices must, where possible, correspond to the direction of movement caused by them.

5.4.13. Control panels installed in the control cabin must have solid or meshed guards. The width of maintenance passages of these panels must not be less than that specified in 5.4.14. Installation of resistors for electrical motors in the control cabin is not allowed. 

5.4.14. In instrument cabins and other electrical equipment rooms passages for maintenance of boards and separate panels (magnetic controllers etc.) must comply with the following requirements:

1. The width of passages located both on the front and rear sides of boards and panels with solid or meshed guards must not be less than 0.6 m.

2. The distance from unguarded uninsulated live parts installed at a height of less than 2.2 m on one side of the passage to the wall and equipment with insulated or guarded live parts located on the other side of the passage must not be less than 0.8 m. The distance between uninsulated live parts installed at a height of less than 2.2 m on different sides of the passage must not be less than 1 m. 

5.4.15. Electrical heaters installed in a crane control cabin must be fire safe, and their live parts must have guards. These devices should be connected to the electric main downstream of the input equipment. The body of the heater must be grounded.

5.4.16. In spans where on common gantry rails two or more cranes work, a separate repair yard must be used for each of them. It must be combined with the place of the platform lifting the maintenance staff on the crane.  

It is allowed to combine repair yards of two or more cranes if it does not lead to inadmissible limitation of technological process during unscheduled repair of any crane.

Construction of repair yards is not required if cranes are powered from flexible main trolleys (flexible cable).

TROLLEYS WITH VOLTAGE UP TO 1 KV 

5.4.17. The repair area of main trolleys must be electrically insulated by dint of insulated joints from the extension of the same trolleys and connected to them by dint of disconnecting devices so that during normal operation this section is energized, and during repair of the crane it is reliably disconnected. 

Insulation of the main trolley joints must be implemented in the form of an air gap which width depends on the design of the current collector, but at a voltage up to 1 kV it must not be less than 50 mm. The width of a current collector must be so that at normal operation of the crane the interruption of voltage supply and unexpected stop of the crane while the current collector crosses insulated trolley joints are excluded. 

Releasing devices used for connection of a repair area with the extension of the main trolleys must be of the closed type and have gears for locking them in the open position.
5.4.18. The repair area of the main trolleys located at the end of a crane span must be fitted with one insulated joint and one releasing device.

The repair area of the main trolleys located in the middle of a span must be fitted with two insulated joints (one on each side) and three releasing devices connected so that it is possible to supply uninterrupted power to trolleys by passing the repair area as well as deenergize separately both a repair area and trolley sections located on its both sides.

5.4.19. The length of the repair area of the main trolleys located at the end of a crane span must not be less than the width of the crane bridge plus 2 m, and the length of the section located in the middle of the span – not less than the width of the crane bridge plus 4 m. 

If an electric hoist (telfer) is installed for a crane repair, the length of the repair area should be determined depending on end positions of the bridge during repair:
1. In the repair area at the end of the crane span there must be an area not less than 2 m from the insulated joint to the bridge being during repairs in the most remote position from the end.

2. In the repair area in the middle of the span there must be an area not less than 2 m from the insulated joints to the bridge at any possible position during repair. 

5.4.20. In the main trolleys and in case of their division into sections, in each section and in each repair area the installation of a link short circuiting and grounding all phases (poles) for a period of examination and repair of the trolleys or the repair of the crane must be allowed.

5.4.21. The main trolleys and the crane trolleys must be implemented in accordance with the requirements of chapter 2.2 and the present chapter.

5.4.22. The small size trolley current distributors are not covered by the requirements of chapter 2.2, as well as 5.4.23, 5.4.24, 5.4.26, 5.4.39 and the second paragraph of 5.4.17.

5.4.23. As a rule, the main trolleys of a crane must be fabricated of steel. It is allowed to make these trolleys of aluminum alloys. Use of copper and bimetals for the main trolleys and crane trolleys must have a special justification.

5.4.24. The trolleys can be rigid and flexible; they can be suspended on ropes and laid in ducts or channels. When using rigid trolleys, it is necessary to provide devices for compensation of linear changes due to temperature and building settlement.

5.4.25. The distances between the places of fastening of trolleys must be such to exclude a possibility of short circuiting between them and to grounded parts. This distance is determined with the sag taken into account, and outdoors, in addition, with deviation of the conductor due to wind impact taken into account.

5.4.26. For cranes with voltage up to 660 V installed both in buildings and outdoors, the clear distances between any live parts of trolleys of different phases (poles) as well as between them and other structures not insulated from the ground must not be less than 30 mm for the parts not moving in relation to each other and 15 mm for parts moving in relation to each other. With a voltage higher than 660 V these distances must not be less than 200 and 125 mm, respectively.
The above-mentioned distances must be observed for the main trolleys of a crane at any possible movement of the crane, its carriage etc.

5.4.27. The distances from the main trolleys and crane trolleys to the workshop floor or ground level must not be less than: 3.5 m with voltage up to 600 V, and 6 m within the traffic area; 7 m with voltage higher than 660 V in each case. The reduction of these distances is allowed provided the trolleys are guarded (see 5.4.31-5.4.33).

When using flexible trolleys, the above-mentioned distances must be maintained at the maximum sag.

5.4.28. When laying trolleys under floor in channels covered with concrete blocks or metal plates as well as in ducts located at a height of less than 3.5 m, the gap for movement of the bracket with current collectors must not be in the same vertical plane with the trolleys.

Ducts of trolleys must be constructed in accordance with the requirements presented in chapter 2.2.

In channels constructed in the floor it is necessary to arrange the drainage of ground and process waters.

5.4.29. A flexible cable used for supply of power to the crane electrical equipment must be properly protected in places of its possible damage. Selection of a cable grade must be carried out with the conditions of its operation and possible mechanical impact taken into account.

5.4.30. The main trolleys of a bridge crane should be placed on the side opposite to the control cabin. Exceptions are allowed in cases when the main trolleys are not accessible for accidental contact from the control cabin, lifting platforms and ladders.
5.4.31. The main trolleys and their current collectors must not be accessible for accidental contact from the crane bridge, ladders, lifting platforms and other platforms where people can be present. It must be achieved by their appropriate location or installation of guards.

5.4.32. In places of possible contact of hoist ropes with trolleys of this crane or a crane located on the lower level, appropriate protection devices must be installed. 

5.4.33. The crane trolleys and their current collectors without automatic tripping must have guards or be located between the crane bridge girders at a distance inaccessible for the staff operating the crane. The trolleys must have guards along the whole length and on the ends.

5.4.34. In the areas with possible formation of ice on trolleys located outdoors, devices or measures should be provided for prevention of formation or removal of ice. 

5.4.35. A line feeding the main trolleys up to 1 kV must be fitted with a closed-type breaker intended for interruption of operating current of all cranes installed within one span. The breaker must be installed in an accessible place and it must disconnect the trolleys of one span only.

If the main trolleys have two or more sections each of them fed by a separate line, it is allowed to disconnect the trolleys by sections implementing measures to exclude the possibility of energizing a disconnected section from other sections.
The breaker, and with remote control – the breaker control device must have gadgets for their locking in the open position as well as the position indicator: “On”, Off”.

5.4.36. For cranes operating in heavy duty and very heavy duty modes, it is recommended to protect the line feeding the main trolleys up to 1 kV by a circuit breaker. 

5.4.37. The main trolleys must be fitted with signal lights indicating the presence of voltage, and if the trolleys are divided into sections and repair areas are available, these signal lights must be used for each section and each repair area.
Direct connection to trolleys is recommended for signal indicators which lights are on with the presence of voltage on trolleys and go out upon its loss. On three-phase trolleys the number of signal indicator lamps must be equal to the number of trolley phases – one lamp connected to each phase, and for direct current trolleys the signal indicator must have two lamps connected in parallel. 

To ensure long term operation of lamps measures must be taken (e.g. installation of auxiliary resistors) for reduction of the voltage on their terminals by 10% of the rated value in normal conditions. 

5.4.38. Connection of unauthorized electrical appliances to the main trolleys of magnetic cranes, cranes transporting liquid metal, as well as other cranes during which operation the loss of voltage can lead to an accident is not allowed. 

5.4.39. The main trolleys of rigid type must be painted, except for their contact surface. The colour of their painting must be different from the colour of building structures and crane runway beams; in this case, the red colour is recommended. At the place of power line connection trolleys on the length of 100 mm must be painted in accordance with the requirements of chapter 1.1.

5.4.40. For supply of voltage to the flexible cable of gantry electric cranes, columns dedicated to this purpose must be installed.   
SELECTION AND INSTALLATION OF WIRES AND CABLES

5.4.41. Wires and cables used for cranes must be selected and laid in accordance with the requirements of chapters 2.1, 2.3 and the present chapter.

5.4.42. On cranes it is recommended to lay wires on trays, in ducts and conduits.

5.4.43. On cranes of all types wires and cables with copper, aluminum-copper and aluminum cores can be used.

Section of cores of wires and cables for secondary circuits must not be less than 2.5 mm2 for copper cores and not less than 4 mm2 for aluminum-copper and aluminum cores. It is allowed to use stranded cores with a section of not less than 1.5 mm2 for copper cores and not less than 2.5 mm2 for alumimum-copper and aluminum cores; in this case, the wires must not be subject to mechanical loading (see 5.4.44).

For cranes operating in heavy duty and very heavy duty modes, as well as for cranes handling mineral fertilizers, it is recommended to use wires and cables with copper cores for secondary circuits. 

For secondary circuits with voltage up to 60 V it is permitted to use wires and cables with copper stranded cores with a section of 0.5 mm2 provided that they are joined by brazing and the wires do not sustain mechanical loading. 

The secondary circuits of cranes operating with liquid and hot metal (casting, charging and loading cranes, cranes of soaking pits, etc.) must be made of wires and cables with copper cores, and the secondary circuits of fast-speed cranes (cleaning cranes, loading elevators) with copper and aluminum-copper cores (see also 5.4.46).
Aluminum and aluminum-copper cores of wires and cables in primary circuits must be stranded with a section of not less than 16 mm2. Use of wires and cables with one-wire aluminum and aluminum-copper cores in primary circuits of cranes is not allowed. 

5.4.44. On electric hoists operating both separately and making part of other lifting machines it is allowed to use protected wires with copper cores of a section: not less than 0.75 mm2 in secondary circuits and in the circuits of a break electromagnet, not less than 1.5 mm2 in the circuits of electrical motors, in addition in these cases, it is allowed to use protected stranded wires with aluminum cores of a section of 2.5 mm2.

5.4.45. On cranes handling liquid and hot metal wires and cables must be laid in steel conduits. On these cranes it is not allowed to lay cables in one conduit of power circuits of different machines, control circuits of different machines, power circuits and control circuits of one machine.
5.4.46. On cranes handling liquid and hot metal heat-resistant wires and cables must be used. Current loads for them should be determined for a surrounding air temperature of 60 (C. 

5.4.47. At places where insulation and sheath of wires and cables can be subject to oil impact, wires and cables with oil-resistant insulation and sheath should be used. At these places it is allowed to use wires and cables with non oil-resistant insulation and sheath provided they are laid in conduits with sealed inputs to electrical motors, devices, etc. 

5.4.48. Permissible sustained loads on wires and cables must be determined in accordance with chapter 1.3.

5.4.49. Voltage on terminals of electrical motors and in their control circuits in all modes of operation of the crane electrical equipment must not be less than 85% of the rated voltage.

5.4.50. The cores of wires and cables of all circuits must have marking.

CONTROL, PROTECTION, ALARM

5.4.51. Voltage of control and automatics circuits must not be more than 400 V of alternative current and 440 V of direct current. On cranes designed for enterprises with 500 V electric main it is allowed to use voltage of 500 V.

5.4.52. Protection of crane electrical equipment must be implemented in accordance with the requirements of chapters 3.1 and 5.3.

LIGHTING

5.4.53. In mains up to 42 V for power supply to control and lighting circuits, crane metal structures can be used as an operating conductor in accordance with the requirements of chapter 2.1. 
5.4.54. The rated voltage of the crane work lighting lamps at alternative current must not exceed 220 V. With the voltage of a three-pfase main of 380 V and higher, luminaries must be fed from step-down transformers. It is allowed to connect the lamps to a 380 V three-phase power main for line-to-line voltage connecting them in star.

For traveling cranes connected to a 380/220 V main by a flexible four-core cable, the lamps must be powered at phase-zero voltage.

It is allowed to connect lamps to a power main with voltage up to 600 V of direct current joining them in series. 

For lighting of the place of a crane operation it must be fitted with lights (floodlights, lamps).

5.4.55. For maintenance lighting lamps a voltage of not more than 420 V with the supply of power from a transformer or a battery installed on the crane or in the crane repair station must be used; in supplying power from a transformer the requirements of chapter 6.2 must be complied with.
GROUNDING AND NEUTRAL GROUNDING

5.4.56. Grounding and neutral grounding must be implemented in accordance with the requirements of chapter 1.7. It is considered sufficient if the parts subject to grounding and neutral grounding are connected to metal structures of the crane; in this case, continuity of the metal structure electric circuit must be assured. If the electrical equipment of the crane is installed on its grounded metal structure and protected and not painted places are provided on supporting surfaces to assure electrical contact, additional grounding is not required.
The rails of the crane track must be reliably connected on joints (by welding, by welding of crosspieces of sufficient section, by welding to metal crane girders) to each other to provide a continuous electric circuit.  In electrical installations where grounding and neutral grounding are used as protective measures, the rails of the crane track must have proper grounding and neutral grounding.

When installing a crane outdoors, the rails of the crane track, in addition, must be connected to each other and grounded; in this case, at least two grounding electrodes connected to the rails in different places must be used for grounding of the latter.

5.4.57. If power is supplied to the crane through a cable, in addition to the requirement of 5.4.56, the requirement of 1.7 imposed to mobile electrical installations must be complied with as well. 

5.4.58. The body of the button control device of the crane controlled from the floor must be made of an insulating material and grounded (have a neutral grounding) by two conductors at least. The cable on which the button device is suspended can be used as one of the conductors.

ELECTRICAL EQUIPMENT OF CRANES WITH VOLTAGE HIGHER THAN 1 kV 

5.4.59. The requirements presented in 5.4.60-5.4.69 cover cranes with voltage higher than 1 kV and they are additional to the requirements presented above in this chapter. 

5.4.60. Electrical equipment higher than 1 kV installed both outdoors and in electrical equipment rooms must be implemented in accordance with the requirements of chapter 4.2.

5.4.61. Division into sections, installation of repair cabins and lamp signaling on the main trolleys of cranes are not required. 

5.4.62. Horizontal clear distance between the main trolleys and the crane must not be less than 1.5 m (for exceptions, see 5.4.63 and 5.4.64). When installing the main trolleys above crane platforms where people can be present during operation or repairs of the crane, the trolleys must be located at a height of not less than 3 m from the platform level, and the platform must have a meshed guard on the top.  

5.4.63. The platform for installation of current collectors of the main trolleys must have a guard with a door (manhole). The horizontal distance from the main trolleys to this platform must not be less than 0.7 m.

5.4.64. Design of current collectors of the main trolleys must allow their disconnection from the trolleys; in this case, installation of the disconnecting link upstream of the breaker (see 5.4.65) is not required. The distance between the trolleys and current collectors tapped from them must not be less than 0.7 m. 

The current collector drive must have a gadget for its locking when the current collectors are removed as well as“On” and “Off” indicator.

5.4.65. Interruption and switching on of operating current, no-load current of a transformer and electrical motor with voltage higher than 1 kV by dint of the main trolley current collectors are not allowed. The crane must have a breaker installed on the high voltage side and rated for interruption of the operating current.

On the high voltage side of a transformer it is allowed to install a switching device designed for interruption of no-load current of a transformer only; in this case, the whole load must be switched off on the high voltage side prior to de-energization of the transformer.

5.4.66. The door (manhole) to the platform for installation of current collectors (see 5.4.63), the current collector drive (see 5.4.64) and the breaker (see 5.4.65) must have blocking devices allowing the followings:

1. Operation of the drive of current collectors to disconnect and connect the latter from/to the trolleys must be possible only after opening the breaker.
2. Opening of the door to the platform for installation of current collectors must be possible only after backing the current collectors away from the trolleys to the uttermost disconnected position.
3. Operation of the drive of current collectors to connect the latter to the trolleys must be possible only after closing the door to the platform for installation of current collectors. 

4. Closing of the breaker must be possible only after connection of current collectors with the trolleys and backing the current collectors away from the trolleys to the uttermost disconnected position.

5.4.67. Installation of a jumper connecting all current collector phases with each other and grounding them must be allowed. 

5.4.68. Three-phase voltage not higher than 380/220 V must be supplied to the crane for carrying out repairs.

5.4.69. When installing cranes outdoors the followings should be carried out: 

1) protect the main trolleys from atmospheric overvoltage and ground their structures in accordance with the requirements of chapter 2.5;

2) protect the transformer and electrical motors with voltage higher than 1 kV installed on the crane from atmospheric overvoltages.  

Chapter 5.5
ELECTRICAL EQUIPMENT OF ELEVATORS
SCOPE, DEFINITIONS
5.5.1. The present chapter of the Code covers the electrical equipment of elevators (lifts) with voltage up to 600 V and hoisting capacity of 50 kg and more, installed in residential and public buildings, at industrial enterprises and other facilities. In other respects, the elevators (lifts) must comply with the requirements of applicable Rules for Installation and Safe Operation of Lifts of the State Committee for Industrial and Mining Safety Supervision of the Russia.

The present Code does not apply to elevators (lifts) installed in explosion hazard rooms, mines, mining industry facilities, on ships and floating structures, on airplanes and other aircrafts as well as elevators of special design.

5.5.2. An elevator (lift) in the present Code means an elevating machine designed for transportation of people or loads in a cabin or on a platform moving strictly vertically by dint of a lifting gear driven by the electrical motor directly or via a gearbox connected to it by a rigid or flexible coupling.

5.5.3. A group elevator installation in this Code means installation consisting of several elevators with a machine room and connected to each other by a common control system.
GENERAL REQUIREMENTS

5.5.4. The voltage of power electrical circuits in machine rooms must not be higher than 660 V, in cabins, shafts and floors – not higher than 380 V, and for circuits of control, lighting and alarm in all rooms – not higher than 220 V (it is allowed to use the phases and zero of a 380-220 V main ). When using phases and zero, the following requirements must be complied with:

1. The circuits of control, lighting and alarm must be powered from one phase.

2. One end of the device winding must be tightly connected to the neutral wire. 
The voltage of a power circuit for portable lamps must not be higher than 42 V.

Use of autotransformers for voltage reduction is not allowed.

5.5.5. Level of radio-reception disturbance from electric machines, devices and wiring making part of the set of electrical equipment of an elevator (lift) or a group elevator installation must not exceed the values specified in the applicable regulations. 

WIRING AND CURRENT LEADS TO THE CABIN
5.5.6. The wiring in a machine room, elevator (lift) shaft and cabin must comply with the requirements of chapters 2.1 and 3.4, as well as with the following requirements:

1. The wiring must be implemented with insulated wires and cables with rubber or similar insulation; use of power and control cables with insulation of impregnated cable paper is not allowed.

2. The section of cores of cables and wires must not be less than 1.5 mm2 for copper cores and 2.5 mm2 for aluminum cores.

At the sections of control circuits from story rows of terminals and rows of terminals on the cabin to devices installed in the shaft and on the cabin, as well as at the sections of control circuits providing safe operation of the elevator or exposed to frequent blows and vibration, wires and cables with copper cores must be used. When using wires and cables with copper stranded cores, their section can be reduced: to 0.5 mm2 in circuits of connection of safety devices, to 0.35 mm2 in the rest of circuits. 

3. Internal wiring of lifting gears and complete devices must be implemented with copper wires.

4. Wire ends must have marking according to the design.

5.5.7. The current leads to the cabin, as well as to the balance-weight if the latter is provided with a breaker-safety catch or other devices must be implemented with flexible cables or flexible wires with copper cores of a section of not less than 0.75 mm2, sheathed in the common rubber or similar hose.

Current leads must have at least 5% of spare cores from the total number of the used ones, but not less than two cores. 
Cables and hoses must be rated to take up the load of their own weight. They can be reinforced by fastening to the bearer steel cable.

5.5.8. Cables and hoses of current leads must be located and fixed in a way to prevent their meshing with the shaft structures and their mechanical damage during the movement of the cabin. When using several cables and hoses for current leads they must be fixed with each other.

ELECTRICAL EQUIPMENT OF A MACHINE ROOM
5.5.9. The clear width of maintenance passages between foundations or electric machine housings, between electric machines and the parts of a building or equipment in machine rooms, except for rooms for low load (up to 160 kg) elevators must not be less than 1 m. Local narrowing to 0.6 m is allowed between projecting parts of machines and construction structures. 

It is allowed to reduce the width of the maintenance passage to 0.5 m from two sides at most; on the sides of machines not requiring maintenance the distance is not specified.

5.5.10. The maintenance passages in machine rooms must comply with the following requirements:

1. The clear width of the maintenance passage from the front and rear sides of the control panel must not be less than 0.75 m. With the width of the control panel of not more than 1 m and a possible access to the panel from both sides, the distance from projecting parts of the panel rear side to the wall of the machine room can be reduced to 0.2 m, and with the panel width of more than 1 m or a possible access to the panel from one lateral side – to 0.5 m.

The control panel where assembling and disassembling of electrical devices and connection of wires to them is carried out only from the front side can be installed against the machine room wall, as well as in recesses with the depth of not more than the width of the panel together with control devices. 

2. The distance from unguarded uninsulated live parts located at a height of less than 2 m on one side of the passage to the wall and equipment with insulated or guarded live parts located on the other side of the passage must not be less than 0.75 m.

3. The distance between live parts without guards located at a height of less than 2 m on both sides of the passage must not be less than 1.2 m.

5.5.11. On the control board of each lift a device disconnecting the primary circuit and control circuit must be installed. Directly at the entry in the machine room an input device for removal of voltage from the whole lifting installation must be placed. 
5.5.12. At the entry in the machine room an unobstructed passage 1 m wide at least must be provided. 
PROTECTION
5.5.13. Protection of primary circuits and control circuits of an elevator or a group of elevators must be implemented in accordance with the requirements of chapter 3.1.

Elevators with electric machine converter units must be protected from a sustained overload and short circuits of the converter unit electrical motor. 

LIGHTING
5.5.14. The cabin and shaft with solid guards for elevators (lifts) of all types, except for small load elevators, as well as the machine room, the room for upper units, the area in front of the doors, shafts, passages and galleries leading to the elevator, to the room of upper units and to the pit must be fitted with stationary electric lighting. The lamps, except for the lamps of the cabin must be powered from the internal lighting main of the building. The lighting of blind shafts with automatic doors can be implemented by installation of one lamp in the cabin and one lamp under the elevator cabin.

The illuminance of shafts must not be less than 5 lx.
In shafts glassed or guarded with meshes implementation of stationary lighting is not mandatory, if exterior lighting provides sufficient illuminance inside the shaft.
5.5.15. In the machine room, upper unit room and on the roof of the cabin one or more sockets for a portable lamp with voltage not higher than 42 V must be installed. 

5.5.16. The light lamps of the cabin and shaft, if they are powered from the primary circuits of an electrical motor, must be connected to the main upstream of the input contact-breaker or circuit breaker of the elevator (lift) electrical motor.

If the cabin is fitted with standby lighting up to 42 V, it is allowed to connect the main lighting of the cabin downstream of the input contact-breaker or circuit breaker.

5.5.17. The breaker for switching on the cabin and shaft lighting must be installed in the machine room. The lighting of the cabin of a passenger lift with a movable floor can be implemented so that it turns on with the opened door of the shaft and turns off after all passengers have left the cabin and the shaft door has closed. For turning on the lighting of the cabin it is also allowed to use a switch intended for remote operation of the lift; in this case, the lamps in the cabin must turn on simultaneously with the beginning of the elevator operation. This switch must be installed in a locked cabinet on the main landing floor.

GROUNDING (NEUTRAL GROUNDING)

5.5.18. The grounding of elevators (lifts) must comply with the requirements of chapter 1.7 as well as with the following requirements:

1. The grounding of electrical machines and devices installed on sound- and vibration-isolating supports must be implemented with a flexible wire.

2. For the grounding of a cabin one core of the cable or one wire of the current distributor should be used. It is recommended to use the shielding sheaths and suspension strands of cables as well as steel bearer cables of the cabin as the additional earthing lead.
3. Metal guiding rails of the cabin and balance-weight as well as metal structures of the shaft guard must be grounded.

INSTALLATIONS WITH NO-CONTACT CONTROL DEVICES
5.5.19. When using no-contact devices for control of elevators, conditions specified in 5.5.20-5.5.28 must be observed.
5.5.20. Sophisticated systems of control of a group of lifts must consist of a separate group of control units; in this case:
1) each elevator must be controlled by a separate group of units allowing operation of this elevator regardless of the state of other elevators and their units;

2) an easy disconnection of elevator units without compromising the operation of the rest of the elevators must be allowed.

5.5.21. Power units of a control system with logical elements must have protection against short circuits, overloads and reduction of output voltages with the alarm signaling its operation. Protection must be implemented so that upon the occurrence of a short circuit, overload or reduction of voltage in one output circuit all output circuits of the power unit open.

5.5.22. If the common control system point with logical elements is not grounded, power unit must be provided with a device monitoring ground short circuit of each output contour with appropriate alarm system.
5.5.23. Power units must be provided with remote system of switching on and off.

5.5.24. Control stations of elevators consisting of separate units must be fitted with the equipment indicating the passage of main signals or sockets allowing connection of the equipment for these signal monitoring.

5.5.25. Construction of control stations and complete devices must provide a free access to wires, cables and input rows of terminals.

5.5.26. If control stations are installed in cabinets, installation of any equipment, except for signaling equipment, on the cabinet doors is not recommended.

5.5.27. Circuits of buttons, control keys, position and end switches must be separated galvanically. Separation must be implemented by dint of input matching elements or relays with contacts designed for operation in circuits with low currents.

5.5.28. Circuits with voltage of 220 V and higher must be laid separately from circuits with voltage less than 220 V with no-contact elements and connected to separate specially allocated rows of terminals or detachable contact connectors.

Chapter 5.6
CAPACITOR INSTALLATIONS
SCOPE, DEFINITIONS
5.6.1. The present chapter of the Code covers capacitor installations up to 500 kV (regardless of their version) connected in parallel with inductive elements of electric systems of alternative current with a frequency of 50 Hz and designed for compensation of reactive power of electrical installations and voltage regulation. The chapter does not apply to capacitor installations for longitudinal compensation, filter, and special ones. 

Capacitor installations with voltage up to 1 kV and higher must also comply with the requirements of chapters 4-1 and 4.2, respectively.

5.6.2. Installation of a capacitor is an electrical installation consisting of capacitors, associated auxiliary electrical equipment (breakers, disconnecting links, discharge resistors, regulating and protective devices, etc.) and leads.

Installation of a capacitor can include one or several capacitor banks of one of several separately installed single capacitors connected to the main through switching devices.

5.6.3. A capacitor bank is a group of single capacitors electrically connected with each other.

5.6.4. A single capacitor is a structural connection of one or several capacitor elements in the common housing with external leads. 

The term “capacitor” shall be used when there is no need to emphasize the different meanings of the terms “single capacitor” and “capacitor bank”.
5.6.5. A capacitor element (section) is an indivisible part of a capacitor consisting of current-conducting armatures (electrodes) separated by a dielectric.
5.6.6. A series row with parallel-series connection of capacitors in the phase of a bank is a part of the bank consisting of capacitors connected in parallel.

WIRING DIAGRAM, SELECTION OF EQUIPMENT 

5.6.7. Capacitor installations can be connected to a main through a separate device designed for switching on and off of capacitors only, or through a common device with a power transformer, asynchronous electrical motor or any other electrical appliance. These diagrams can be used at any voltage of a capacitor installation.

5.6.8. Capacitor banks for a voltage of higher than 10 kV are assembled of one-phase capacitors by dint of parallel-series connection. The number of series rows of capacitors is chosen so that during the normal mode of operation the current load on capacitors does not exceed the rated value. The number of capacitors in a row must be so that upon tripping of one of them due to the fuse blowing, the voltage on remaining capacitors of the row does not exceed 110% of the rated voltage. 

5.6.9. Capacitor banks for a voltage of 10 kV and less must be assembled, as a rule, of capacitors with rated voltage equal to the rated voltage of the main. In this case, long term operation of single capacitors with voltage of not more than 110% of the rated voltage is allowed.

5.6.10. In three-phase banks one-phase capacitors are delta or star connected. Series and parallel-series connection of one-phase capacitors in each phase of a three-phase bank can also be used.

5.6.11. When selecting a breaker for a capacitor bank the availability of capacitor banks connected in parallel (e.g. to common buses) must be taken into account. If required, devices reducing current surges at the moment of the bank switching on must be used.

5.6.12. Disconnecting link of a capacitor bank must have grounding blades on the side of the bank interlocked with their disconnecting link. The disconnecting links of a capacitor bank must be interlocked with the bank breaker.

5.6.13. Capacitors must be fitted with dischargers.
For capacitor banks it is recommended to use single capacitors with integrated discharge resistors. It is allowed to install capacitors without integrated discharging resistors, if a discharger is permanently connected to the leads of a single capacitor or a series row of capacitors. Dischargers can not be installed on the banks up to 1 kV, if they are connected to the main through a transformer and switching devices between a bank and a transformer are not available.

The followings can be used as dischargers:

voltage transformers or devices with active-inductive resistance – for capacitor installations higher than 1 kV;
devices with active or inductive resistance – for capacitor installations up to 1 kV.
5.6.14. In order to achieve the most efficient mode of operation of electric mains with variable diagram of reactive load an automatic regulation of power of a capacitor installation by closing or opening the whole circuit or its separate parts should be used.

5.6.15. Devices and live parts in the circuit of a capacitor bank must allow sustained passage of current making up 130% of the rated current of the bank. 

PROTECTION
5.6.16. Generally, capacitor installations must have protection against short circuit currents delivering a tripping command without a time lag. Protection must be tuned away from the currents of the installation switching on and the current surges during overvoltages.

5.6.17. Generally, a capacitor installation must have protection against increase of voltage tripping the bank upon increase of the effective value of voltage above the permissible one. Installation should be tripped with a time lag of 3-5 min. Restarting of the capacitor installation is allowed after reduction of voltage in the main to the rated value, but not earlier than 5 min after its tripping. Protection is not required if the bank is selected with the maximum possible value of the circuit voltage taken into account, i.e. so that with the increase of voltage, sustained voltage of more than 110% of the rated voltage can not be applied to a single capacitor.

5.6.18. In cases, when there is a possibility of overload of capacitors by higher harmonic currents, a relay protection tripping the capacitor installation with a time lag at the existing value of current for single capacitors exceeding 130% of the rated one must be used.  

5.6.19. For a capacitor bank including two or more parallel branches it is recommended to use protection operating upon disturbance of equality of branch currents. 

5.6.20. On banks with parallel-series connection of capacitors each capacitor higher than 1.05 kV must be protected by an external fuse operating upon the capacitor breakdown. Capacitors of 1.05 kV and less must be fitted with safety fuses incorporated in the housing, one for each section, operating upon breakdown of a section.

5.6.21. On banks assembled according to the connection layout with several sections protection of each section against short circuit currents regardless of the protection of the whole capacitor installation must be applied. This protection of the section is not mandatory, if each single capacitor is protected by a separate external or integrated fuse. Protection of the section must assure its reliable tripping at the minimum and maximum values of short circuit currents in this point of the main.

5.6.22. The electric circuit diagram of capacitor banks and fuses must be selected so that the damage of insulation of separate capacitors does not lead to the damage of their housing, increase of voltage above the sustained permissible voltage on the still operating capacitors and tripping of the whole bank. 

For protection of capacitors of higher than 1 kV fuses limiting the value of short circuit currents must be used.

External fuses of capacitors must have indicators operating upon the blowing of fuses. 

5.6.23. Protection of capacitor installations against lightning overvoltage must be provided for the cases and by the means specified in chapter 4.2.

ELECTRICAL MEASUREMENTS 

5.6.24. The phase capacitance of a capacitor installation phases must be monitored by the stationary means of measuring of current in each phase.
For capacitor installations with power up to 400 kiloVAr it is allowed to measure current only in one phase. 

5.6.25. Reactive energy delivered to the main by capacitors must be taken into account according to the requirements of chapter 1.5.

INSTALLATION OF CAPACITORS 

5.6.26. The design of a capacitor installation must comply with the environmental conditions.

5.6.27. Capacitor installations with the total weight of oil of more than 600 kg in each of them must be located in a separate room meeting the requirements of fire-resistance presented in 4.2.76 with an exit to outside or to the common room.

Capacitor installations with the total weight of oil up to 600 kg in each of them, as well as capacitor installations consisting of capacitors with incombustible liquid can be located in the rooms of switchgears up to 1 kV and higher or in the main and auxiliary rooms of production facilities which fall into categories Г and Д according to fire-prevention requirements of the SNiP of the Russian Federation Construction Committee.

5.6.28. If a capacitor installation higher than 1 kV with the total weight of oil of more than 600 kg is located in a room, an oil receiver for 20 % of the total weight of oil in all capacitors and constructed in accordance with the requirements presented in 4.2.101 must be placed under the installation. With the outdoor installation the construction of the oil receiver under capacitors is not required.

5.6.29. Capacitor installations located in a common room must have cages or protection enclosures. Also, devices preventing the spread of synthetic liquid through cable channels and on the floor upon the loss of sealing of capacitor housings and allowing the evacuation of liquid vapours from the room must be used.

5.6.30. The distance between single capacitors must not be less than 50 mm, and it must be chosen with the conditions of capacitor cooling and maintenance of isolating distances taken into account.

5.6.31. Indicators operating upon blowing of external fuses of a capacitor must be accessible for examination during the bank operation.

5.6.32. The temperature of air surrounding capacitors must not be more than the upper and less than the lower limits prescribed by the GOST or specifications for capacitors of appropriate type.
The rooms and cabinets of a capacitor installation must have a separate system of natural ventilation; if it does not ensure the decrease of air temperature in the room to the maximum permissible value, artificial ventilation must be provided.

5.6.33. For capacitors installed outdoors, the impact of solar irradiation must be taken into account. It is recommended to install capacitors outdoors so that the negative impact of solar irradiation on them is the minimum.

5.6.34. Joining of capacitor leads with each other and their connection to buses must be implemented with flexible links. 
5.6.35. Structures, on which the capacitors are installed, must be made of incombustible materials. When selecting the method of fastening capacitors, it is necessary to take into account the thermal expansion of the capacitor housing.

5.6.36. With outdoor installation the distances from capacitors filled up with oil to other equipment, as well as fire distances from them to buildings and structures must be assumed as per 4.2.67 and 4.2.68.

5.6.37. When located outdoors, oil-filled capacitors must be installed according to fire safety requirements by groups with power of not more than 30 MV·Ar each. The clear distance between the groups of one capacitor installation must not be less than 4 m, and not less than 6 m between the groups of different distance installations. 
5.6.38. In one room with capacitors it is allowed to install discharging resistors, disconnecting links, load break switches, small-capacity breakers and measuring transformers pertaining to them.

5.6.39. When a capacitor bank is divided into parts, it is recommended to locate them so that safe operation on each part with the rest of them switched on is provided. 

5.6.40. For a capacitor installation, devices for grounding of bearing metal structures that can be live during the installation operation must be provided.

