Section 3

PROTECTION AND AUTOMATIC EQUIPMENT
Chapter 3.1

PROTECTION OF ELECTRIC MAINS WITH VOLTAGE UP TO 1 kV 

SCOPE, DEFINITIONS 

3.1.1. The present chapter of the Code covers protection of electric mains up to 1 kV, constructed both inside buildings and outdoors. Additional requirements to protection of mains of specified voltage, due to peculiarities of various electrical installations, are presented in other chapters of the Code.
3.1.2. A protective device is a device which automatically switches off protected electric mains in abnormal conditions. 

REQUIREMENTS TO PROTECTIVE DEVICES 
3.1.3. In terms of their breaking capacity, protective devices must correspond to the maximum short circuit current value in the beginning of the protected section of an electric main (see chapter 1.4).

It is allowed to install protective devices, which are vulnerable to maximum values of short circuit current as well as chosen by the value of single limiting switching capability, if the group device protecting them or the nearest device positioned towards the power supply ensures instantaneous disconnection of short circuit current; it is necessary that the current of the set point of the instantaneous releaser (cut-off) of given devices should be less than the current of single switching capability of each group of vulnerable devices, and if such non-selective disconnection of a whole group of devices is not hazardous, does not damage expensive equipment and materials or does not disrupt the complex process.

3.1.4. The rated currents of fuse links and the currents of set points of circuit breakers used for protection of separate sections of the mains should be always chosen if possible as per the smallest values by the design currents of these sections or by the rated currents of electrical appliances, but so that protective devices do not disable electrical installations at short-time overloads (starting currents, peaks of process loads, currents at self-starting, etc.).

3.1.5. Circuit breakers or fuses must be used in the capacity of protective devices. In order to ensure the requirements of operation speed, sensitivity or selectivity it is allowed to use, if necessary, protective devices with remote relays (indirect-action relays).
3.1.6. Circuit breakers and screw fuses must be hooked into the mains so that the fuse screw socket (circuit-breaker) remains without voltage if the fuse socket is unscrewed (circuit-breaker). In case of single supply, the conductor (cable or wire) must be connected to the protective device and, as a rule, to the fixed contacts.
3.1.7. Each protective device must have a sign indicating the rated current value of the device, set points of the releaser and rated current of the fuse link, required for the main it protects. It is recommended to mark the signs on the device or the diagram located near the place of installation of protective device. 

SELECTION OF PROTECTION 

3.1.8. Electric mains must be protected against short circuit currents that provides for, if possible, the shortest disconnection time and the requirements of selectiveness. 

Protection must switch off damaged section in case of short circuit at the end of the protected line:  one, two and three-phase lines – in mains with a solidly grounded neutral; two and three-phase lines – in mains with an insulated neutral. 

A damaged main section is securely disconnected if the ratio of the smallest rated current of short circuit to the rated current of the fuse link or releaser of circuit-breaker is not less than the values given in clauses 1.7.79 and 7.3.139.

3.1.9. In mains protected only against short circuit currents (not requiring protection against overload according to clause 3.1.10), except for extended mains, e.g. rural or municipal, it is allowed not to carry out a calculation sample of relative short circuit current, given in clauses 1.7.79 and 7.3.139, if the condition when protective devices have a ratio not exceeding the followings in relation to allowable continuous current loads of conductors, given in the tables of chapter 1.3, is observed:

300% for the rated current of the fuse link;

450% for the current of the circuit breaker set point having only a maximum instantaneous releaser (cut-off);  

100% for the rated current of the circuit breaker releaser with an uncontrolled, inversely current dependent characteristics (regardless of availability or unavailability of a cut-off);
125 % for the current of circuit-breaker releaser breakaway with controlled, inversely current dependent characteristics. If such a circuit-breaker contains another cut-off, its relevant current ratio is not limited.

Availability of protective devices with increased current set points is not the reason for increasing conductor sections above those given in chapter 1.3.

3.1.10. Mains inside the premises made up with exposed conductors with a combustible external sheath or insulation must be protected against overloads.

Besides, the mains inside the premises must be protected against overloads:

lighting mains in residential and public buildings, commercial premises, offices and domestic premises of industrial enterprises, including the mains for domestic and portable electrical appliances (irons, kettles, stoves, fridges, vacuum cleaners, washing and sewing machines, etc.) as well as in fire hazardous areas;

power mains in industrial enterprises, residential and public buildings and commercial premises – only when conductors may sustain long overloads under process specifications or operation mode of the mains;

mains of all types in explosive areas – according to the requirements of clause 7.3.94.

3.1.11. In the mains, protected against overloads (see 3.1.10), conductors should be chosen on the basis of the rated current. In this case condition must be provided that in respect of allowable continuous current loads, given in the tables of chapter 1.3, protective devices have the ratio not more than the followings:

80% for the rated current of the fuse link or a circuit-breaker setting current having only a maximum instantaneous releaser (cut-off) – for the conductors with polyvinylchloride, rubber and similar insulation in terms of thermal value; for the conductors installed in non-explosive production areas of industrial enterprises, 100% are allowed;

100% for the rated current of the fuse link or the setting current of a circuit breaker having only a maximum instantaneous releaser (cut-off) – for paper-insulated cables;

100% for the rated current of the circuit breaker releaser with uncontrolled, inversely current dependent characteristics (regardless of availability or unavailability of a cut-off) – for conductors of all types;
100% for the current of the releaser breakaway of circuit-breaker with controlled, inversely current dependent characteristics – for conductors with polyvinylchloride, rubber and similar in terms of thermal value insulation;

125% for the current of circuit-breaker releaser breakaway with controlled, inversely current dependent characteristics – for paper-insulated cables and insulation of vulcanized polyethylene.

3.1.12. The allowable continuous current load of conductors of tappings to short-circuited motors must not be less than:

100% of the motor rated current in non-explosive areas;
125% of the motor rated current in explosive areas.

Ratios between allowable continuous load of conductors to short-circuited motors and the set points of protective devices in any case must not exceed those specified in clause 3.1.9 (see also clause 7.3.97).

3.1.13. In cases when required conductor allowable continuous current load,, determined under clauses 3.1.9 and 3.1.11, does not correspond to the data of the tables of allowable loads given in chapter 1.3 it is allowed to use a conductor of the closest small section, but not less than it is required by the rated current.

INSTALLATION POINTS OF PROTECTIVE DEVICES
3.1.14. Protective devices should be positioned, whenever possible, in places accessible for maintenance so that the possibility of mechanical damage can be excluded. They must be installed so that, while used or operated, any danger to the maintenance personnel and the possibility of damage to surrounding items can be avoided.

Protective devices with exposed live parts must be accessible for maintenance only by qualified staff.

3.1.15. As a rule, protective devices should be installed in places of a main where a conductor section reduces (towards the point of electric energy consumption) or wherever required for provision of sensitivity and selectivity of protection (see also clauses 3.1.16 and 3.1.19).

3.1.16. Devices must be installed directly in positions of connection points of protected conductors to the supply line. As required, it is allowed to assume the length of the section between a supply line and protective device of a tapping up to 6 m. Conductors of this section can have a section less than the section of supply line conductors, but not less than the section of conductors downstream the protective device.

For tappings in hard-to-reach places (e.g. at a high altitude), protective devices can be installed at a distance of up to 30 m from the tapping point in places convenient for maintenance (e.g. at the distribution point input, in a starting gear of an electrical appliance, etc.). In this case the section of conductors of the tapping must not be less than the section determined by the rated current, but it must provide at least 10% of capacity of the protected section of the supply line. In such cases, conductors of tappings (tappings up to 6 and up to 30 m long) must be installed – for combustible external sheath or insulation of conductors – in conduits, metal hoses or ducts. In other cases, except for cable structures, fire hazard and explosive areas, they must be surface wired on structures provided they are protected against possible mechanical damage.

3.1.17. In case when the mains are protected with fuses, the latter must be installed at all normally unearthed poles or phases. Fuses are not installed in neutral operating conductors.

3.1.18. In case the mains with a solidly grounded neutral are protected with circuit breakers, the releasers thereof must be installed in all normally unearthed conductors (also, see clause 7.3.99).

For protection of the mains with an insulated neutral in three-wire mains of three-phase current and two-wire mains of single-phase or direct current, it is allowed to install releasers of circuit breakers in two phases for three-wire mains and in one phase (pole) for two-wire mains. In this case, protection within one electrical installation should be performed in the same phases (poles).

It is permitted to install releasers in neutral conductors only if during their operation all live conductors are simultaneously disconnected from the main.
3.1.19. It is allowed not to install protective devices in the following places, if it is expedient under operating conditions:

1) tappings of conductors of distribution board buses, installed in the same distribution board; in this case, conductors must be chosen on the basis of the tapping rated current;
2) decrease of the section of the supply line lengthwise and at its tappings, if protection of the upstream section of the line protects a run of a reduced section of conductors or unprotected sections of the line or its tappings are made up of conductors chosen with a section at least half of the section of conductors of the line protected run;

3) tappings from the supply line to low-power electrical appliances if the supply line is protected by an apparatus with a set point of not more than 25 A for power electrical appliances and electrical household appliances, and for lamps – according to clause 6.2.2;

4) tappings from the supply line of conductors of circuits of measurement, control and alarm, if such conductors are within the relevant machines or distribution board or such conductors go outside thereof, but the wiring is installed in conduits or has an incombustible sheath.

It is not allowed to install protective devices in places of connection to the supply line of those circuits of control, alarm and measurement disconnection of which can entail dangerous aftereffects (disconnection of fire pumps, ventilators preventing formation of explosive mixtures, some service mechanisms of electric generating plants, etc.). In any case, such circuits must be made up of conductors installed in conduits or covered with an incombustible sheath. The section of such circuits must not be less than those given in clause 3.4.4.
Chapter 3.2
RELAY PROTECTION
SCOPE
3.2.1. The present chapter of the Code covers relay protection devices of elements of electrical part of energy systems, industrial and other electrical installations of more than 1 kV, generators, transformers (autotransformers), generator-transformer units, power transmission lines, buses and synchronous compensators.

Protection of all electrical installations over 500 kV, cable lines over 35 kV as well as electrical installations of atomic electric generating plants and DC installations is not covered in the present chapter of the Code.

See the requirements to protection of electric mains up to 1 kV, electrical motors, capacitor installations, electroheat installations in chapters 3.1, 5.3, 5.6 and 7.5, respectively.

Relay protection devices of elements of electrical installations, not covered in this and other chapters, must be constructed according to the general requirements of the present chapter.

GENERAL REQUIREMENTS
3.2.2. Electrical installations must be equipped with relay protection systems, which are designed for:

a) automatic disconnection of a damaged element from the rest of undamaged parts of the electrical system (electrical installation) with the help of switches; if a damage (e.g. ground short circuit of the mains with an insulated neutral) does not disrupt the operation of the electrical system directly, it is allowed that the relay protection is activated only for a signal;

b) response to dangerous, abnormal operation modes of elements of the electrical system (e.g. an overload, increase of the voltage in the hydrogenerator stator winding); depending on the mode of operation and operating conditions of the electrical installation, the relay protection must be constructed to respond to a signal or disconnect those elements which, if remained in operation, can cause a damage.

3.2.3. With the purpose of lowering the cost of electrical installations, fuses or open fuse links should be used instead of circuit breakers and relay protection provided they:

can be chosen with required parameters (rated voltage and current, rated current of disconnection, etc.);

provide required selectivity and sensitivity;

do not affect the application of automatic equipment (automatic recloser, automatic transfer switch, etc.), which is required by the working conditions of an electrical installation.

In case fuses or open fuse links are used, depending on the level of asymmetry in open-phase operating conditions and nature of supplied load, a necessity of installation of protection against open-phase operating conditions in receiving substation should be considered.

3.2.4. Relay protection devices must provide the smallest possible short circuit clearing time with the purposes of ensuring uninterrupted operation of an undamaged part of the system (smooth operation of the electrical system and electrical installations of consumers, possibility of restoration of the normal operation by successful operation of an automatic recloser and automatic transfer switch, self-starting of electric motors, drawing to synchronism) and limitation of the area and extent of the damage of the element.

3.2.5. As a rule, relay protection, activated for disconnection, must provide selectivity of operation to disconnect only the damaged element in case of damage of any element of the electrical installation.

An unselective protection operation is allowed (corrected with the following operation of an automatic recloser or automatic transfer switch):

a) for ensuring, if required, speeding up of short circuit clearing (see clause 3.2.4);

b) if simplified main electrical diagrams with isolating switches in the mains of lines or transformers, disabling a damaged element as dead time, are used.

3.2.6. It is allowed to construct relay protection devices with time intervals, providing selectivity of operation, if: during short circuit clearing with time intervals, the requirements of clause 3.2.4 are met; protection operates as back up (see clause 3.2.15).

3.2.7. Operational reliability of relay protection (operation if the conditions of activation appear or failure if they are unavailable) must be ensured by using devices which in terms of their parameters and construction are fit for the purpose and also, by proper maintenance of such devices.

If required, it is necessary to take special measures of augmentation of reliability of operation, in particular, circuit redundancy, continuous or random control over the conditions etc. When performing required operations with the relay protection, possibility of faulty actions of the maintenance staff must be taken into account.

3.2.8. In case of availability of relay protection, having voltage circuits, the following devices should be foreseen:

automatically disabling protection in case of disconnection of circuit breakers, blowing out of fuses and any other disruption of voltage circuits (if such disruptions can result in failure of protection in the normal mode) and also sending signals about disruption of such mains;

sending signals about disruptions of voltage circuits if such disruptions do not result in failure of protection in the conditions of the normal mode, but can result in unwanted operation in other conditions (e.g. if short circuit is outside the area of protection).

3.2.9. If a high-speed relay protection is installed in electric mains with pipe dischargers, its offset from operation of dischargers must be foreseen; wherefore:
the minimum operation time of relay protection up to the moment of sending a tripping signal should be more than the time of single operation of dischargers, i.e. about 0.06-0.08 s;

starting units of protection operated by the current impulse of dischargers must have the shortest reset time (about 0.01 s from the moment of disappearance of impulse).

3.2.10. For relay protection with time intervals, in each specific case, it is necessary to consider the expediency of ensuring of operation of protection from the initial value of current or resistance in case of short circuit to prevent failures of operation of protection (due to the time short circuit current attenuation as a result of appearance of swinging or arcs in damaged place, etc.).

3.2.11. Protection in electric mains of 110 kV and higher should contain devices blocking their operation in case of swinging or asynchronous runs if such swinging or asynchronous runs are likely in given mains when protection can operate above measure.

It is allowed to use similar devices for lines lower than 110 kV, which connect power supplies, (depending on the probability of appearance of swinging or asynchronous runs and possible aftereffects of unwanted disconnections).

It is allowed to make protection without blocking during swinging if protection is offset from swinging by time (protection time interval is about 1.5-2 s).

3.2.12. Operation of relay protection must be recorded by indicating relays, indicating devices built-in in the relay, operation counters or other devices to the extent it is required for recording and analysis of protection operation.

3.2.13. Devices recording relay protection disconnection should be installed so that any action of protection can be signaled, and in case of complex protection – some of its parts (various protection stages, some protection packages against different types of damages etc.).

3.2.14. Main protection should be installed on each element of an electrical installation intended for activation in case of any damage within the entire protected element with the time less than the time of other protection installed on this element.

3.2.15. In case of failure of protection or switches of adjacent elements, it is necessary to use redundancy protection intended for provision of distance redundancy operation.

If the main protection of the element has absolute selectivity (e.g. a carrier-current protection, longitudinal and transversal differential protection), such element should be fitted with a redundancy protection performing both the functions of distance and local redundancy, i.e. operating if the main protection of such element fails or is disabled. For instance, if a differential phase protection is used in the capacity of the main protection against phase short cut, a three-stage distance protection can be used as a redundancy one.
If the main protection of a line of 110 kV and higher has a relative selectivity (e.g. staged protection with time lags):

it is allowed not to implement a separate redundancy protection if the remote redundancy operation of the protections of adjacent elements in case of short circuit of this line is provided;

Measures of provision of a local redundancy, if a remote redundancy in case of short circuit of this line is not provided, must be ensured.

3.2.16. For a power transmission line of 35 kV and higher, with the purpose of facilitation of reliability of tripping a fault in the beginning of the line, a current cut-off without time lags can be installed as an additional protection if the requirements of clause 3.2.26 are complied with.

3.2.17. If complete remote redundancy leads to a significant complication of protection or is technically impossible, it is allowed:

1) not to back up clearing of short circuit downstream the transformers, in reactive lines, lines of 110 kV or higher, if a local redundancy is available, at the end of the adjacent section of a line of 6-35 kV;

2) to have a remote redundancy only in case of the most frequently encountered types of faults, excluding rare modes of operation and including the cascade operation of protection;

3) to provide a non-selective operation of protection in case of short circuit of adjacent elements (remote redundancy operation) with the possibility to de-energize some substations in specific cases. Besides, one should, if possible, repair such non-selective tripping with the use of automatic reclosers or automatic transfer switches.

3.2.18. A circuit breaker failure protection must be installed in electrical installations of 110-500 kV. It is allowed not to install a circuit breaker failure protection in electrical installations of 110-220 kV provided the following conditions are observed:

1) required sensitivity and clearing time, allowable according to the stability conditions, from the devices of remote redundancy are provided;

2) during operation of redundancy protections there is no loss of additional elements due to the tripping of the breakers which are not directly adjoining the failed breaker (e.g. there are no sectional buses, lines with tapping).

Regardless other conditions, a circuit breaker failure protection should be installed in electric generating plants with generators with direct cooling of the stator winding conductors in order to prevent any failures of generators when breakers of 110-500 kV fail.
If one of the breakers of a faulty element (line, transformer, bus) of an electrical installation fails, the circuit breaker failure protection must trip the breakers adjacent to the failed one.

If the protections are connected to remote current transformers, the circuit breaker failure protection must operate in case of short circuit in the area between such current transformers and the breaker.

It is allowed to use a simplified circuit breaker failure protection, acting in case of short circuit and failure of the breakers not in all elements (e.g. only in case of short circuit in the lines). In addition, if a voltage is 35-220 kV, it is permitted to use devices only tripping the busbar (sectional) coupler. 

In case of insufficient efficiency of the remote redundancy, the possibility of augmentation of reliability of the local redundancy in addition to the circuit breaker failure protection should be considered. 

3.2.19. When a redundancy protection is used as a separate package, as a rule, it should be implemented so to allow separate checking or repairing the main or redundancy protection with the element operating. In this case, generally, the main and redundancy protection should be fed from various secondary windings of current transformers.

As a rule, power to the main and redundancy protection of power transmission lines of 220 kV or higher must be supplied from various operating direct current circuit breakers.

3.2.20. Sensitivity of basic types of relay protections must be assessed on the basis of a sensitivity factor determined:
for protections reacting to values, which increase in case of failures, - as a ratio of rated values of these quantities (e.g. current or voltage) with a solid fault within the protected area to the protection operation parameters;
for protections reacting to values, which decrease in case of failures, as a ratio of operating values to rated values of these quantities (e.g. voltage or resistance) with solid fault within the protected area.

Rated values must be determined on the basis of the most unfavourable failure types, but for real mode of operation of an electrical system.
3.2.21. For the assessment of the sensitivity of the main protections, the following minimum factors of their sensitivity must be ensured:
1. Maximum current protections with/without voltage supply, directional or non-directional, as well as current single-stage directional and non-directional protections switched for the components of reverse or zero sequences:
for elements of current and voltage – about 1.5;
for elements of direction of power of reverse and zero sequence – about 2.0 for power and about 1.5 for current and voltage;
for an element of direction of power, switched for total current and voltage, it is not rated as per power and about 1.5 for current.
for maximum current protections of transformers with a low voltage of 0.23-0.4 kV, the minimum sensitivity factor can be about 1.5.
2. Stage protections of current or current and voltage, directional and non-directional, switched for the total current and voltage or for components of zero sequence:
for current and voltage elements of the stage protection designed for operation in case of short circuit at the end of the protected section, excluding redundancy operation, - about 1.5; if reliable operating selective redundancy stage is available – about 1.3; if a line of separate protection of buses is available at the opposite end, it is allowed to provide appropriate sensitivity factors (about 1.5 and about 1.3) for the protection stage of zero sequence in the mode of sequential tripping;
for elements of direction of power of zero and reverse sequence – about 2.0 for power and about 1.5 for current and voltage;
for an element of direction of power, switched for total current and voltage, it is not rated for power and about 1.5 for current.
3. Remote protection against multiphase short circuits:
for a starting element of any type and the third stage remote element – about 1.5;
for the second stage remote element designed for operation in case of short circuit at the end of the protected section, excluding redundancy operation, - about 1.5; if the third stage protection is available – about 1.25; for the above-mentioned element the sensitivity by current must be about 1.3 (in relation to the current of fine-limit operation) in case of fault at the same point.
4. Longitudinal differential protections of generators, transformers, lines and other elements as well as full differential protection of buses – about 2.0; for a current starting element of a partial differential distance protection of buses of generating voltage, the sensitivity must be about 2.0, and for the first stage of a partial differential current protection of buses of generating voltage, implemented as a cut-off, - about 1.5 (in case of short circuit of buses).
For the differential protection of generators and transformers, the sensitivity should be checked in case of short circuit at the leads. Regardless of the sensitivity factor, the current protection operation should be assumed less than the rated current of the generator (see 3.2.36) for hydrogenerators and turbine-driven generators with direct cooling of winding conductors. For autotransformers and step-up transformers with a capacity of 63 МV·А or more, it is recommended to accept an operative current, without braking taken into account, less than the rated current (for autotransformers - less than the current appropriate for typical capacity). For the rest of transformers with a capacity of 25 МV·А or higher, it is recommended to assume an operative current, without braking taken into account, not more than 1.5 of the rated current of the transformer.
It is allowed to reduce the sensitivity factor for the differential protection of the transformer or generator-transformer unit to the value of about 1.5 in the following cases (when the sensitivity factor of about 2.0 is related to significant complication of protection or is technically impossible):
in case of short circuit at the low voltage leads of step-down transformers with a capacity less than 80 МV·А (it is determined with voltage variation taken into account);
in the transformer energising mode as well as for short-time modes of its operation (e.g. if one of the feeder ends is tripped).
For the mode of supply of voltage to faulty buses by switching one of the feeder ends, it is allowed to reduce the sensitivity factor for the purpose of the differential protection of buses to a value about 1.5.
The above-mentioned factor 1.5 also refers to the differential protection of the transformer in case of short circuit downstream the reactor, installed on the low-voltage end of the transformer and included in the area of its differential protection. If other protections which cover the reactor and comply with the conditions of sensitivity in case of short circuit downstream the reactor are available, it is allowed not to provide the sensitivity of the differential protection of the transformer at this point in case of short circuit.
5. Transverse differential directional protections of parallel lines:
for a current relay and a voltage relay of the starting element of protection packages against an interphase short circuit and ground short circuit – about 2.0 if the breakers are switched on the both sides of the faulty line (at the point of equal sensitivity) and about 1.5 if the breaker is switched off on the opposite side of the faulty line;
for an element of direction of zero-phase sequence – about 4.0 for power and about 2.0 for current and voltage if the breakers are switched on the both sides and about 2.0 for power and about 1.5 for current and voltage if the breaker is switched off on the opposite side;
for an element of direction of power switched for the total current and power, it is not rated for power and for current – about 2.0 if the breakers are switched on both sides and about 1.5 if the breaker is switched off on the opposite side.
6. Directional protections with high-frequency blocking:
for a direction element of power of reverse or zero sequence, controlling the tripping circuit, - about 3.0 for power and about 2.0 for current and voltage;
for starting elements controlling the tripping circuit – about 2.0 for current and voltage and about 1.5 for resistance.
7. Phase differential high-voltage protections:
for starting elements controlling the tripping circuit – about 2.0 for current and voltage and about 1.5 for resistance.
8. Current cut-offs without time lags, installed in generators with a capacity up to 1 МW and transformers in case of short circuit at the point of installation of the protection – about 2.0.
9. Protections against a ground short circuit in cable lines of the mains with an insulated neutral (alarm or tripping operating): 
for protections reacting to currents of the base frequency – about 1.25;
for protections reacting to currents of high frequencies – about 1.5.
10. Protections against ground short circuits of high-voltage lines in the mains with an insulated neutral, alarm or tripping operating – about 1.5.
3.2.22. To determine the sensitivity factors presented in 1, 2. 5 and 7 of clause 3.2.21, the followings should be taken into consideration:
1. The power sensitivity of the induction relay of power direction is checked only if it is switched for the components of the current and voltage of reverse and zero sequences.
2. The sensitivity of the power direction relay, implemented according to the comparison circuit (absolute values or phases), is checked in case of switching for the total current and voltage – for current; in case of switching for the components of the current and voltage of reverse and zero sequences – for current and voltage.
3.2.23. In generators switched to collecting buses, the sensitivity of the current protection against a ground short circuit in the rotor winding operating to tripping is determined by its operative current which should not exceed 5 A. An operative current of up to 5.5 A is allowed as an exception.
For generator-transformer units, a sensitivity factor of the protection against single-phase ground short circuits, covering all stator winding, must not be less than 2.0; for protection of zero sequence voltage, not covering all stator winding, operative voltage must not exceed 15 V.
3.2.24. The sensitivity of protections of alternative operative current, implemented according to the circuit with deshunting of shutoff electromagnets, is checked taking into account the actual current error of current transformers after deshunting. Besides, the sensitivity factor minimum value of shutoff electromagnets, determined for their reliable actuation condition, must be approximately 20% higher than the value assumed for appropriate protections (see 3.2.21).
3.2.25. The minimum sensitivity factors for redundancy protections in case of short circuit at the end of an adjacent element or the most remote one from several series elements, included in the redundancy area, must be the followings (also see 3.2.17):
for elements of current, voltage and resistance – 1.2;
for elements of direction of power of reverse and zero sequences – 1.4 by power and 1.2 by current and voltage;
for an element of direction of power, switched for total current and voltage, it is not rated for power and 1.2 for current.
For the assessment of the sensitivity of stages of redundancy protections performing local redundancy (see 3.2.15), it is necessary to proceed from the sensitivity factors presented in 3.2.21 for appropriate protections.
3.2.26. For current cut-offs without time lags, installed in the lines and acting as additional protections, a sensitivity factor must be approximately 1.2 in case of short circuit at the point of installation of the protection in the most favourable mode under the condition of sensitivity.
3.2.27. If the operation of the protection of the next element is possible due to a failure as a result of insufficient sensitivity of the protection of the previous element, the sensitivity of these protections should be matched among themselves.
It is allowed not to match the stages of these protections designed for the remote redundancy if the failure to clear short circuit due to insufficient sensitivity of the protection of the next element (e.g. protections of reverse sequence of generators, autotransformers) can have grave consequences.
3.2.28. In mains with a solidly grounded neutral, such mode of grounding of neutrals of power transformers (i.e. position of grounded neutral transformers) is chosen on the basis of relay protection, which values of current and voltage in case of ground voltage provide operation of relay protection of the elements of the mains in all possible modes of operation of an electrical system.
As a rule, in step-up transformers and transformers with two- and three-way feed (or essential infeed from synchronous motors or synchronous compensators), having partial insulation of the winding on the neutral lead end, any inadmissible mode of their operation with an insulated neutral for allocated buses or section of the mains of 110-220 kV with a ground short circuit of one phase must be avoided (see 3.2.63).
3.2.29. Current transformers designed for power supply of current mains of relay protection devices against a short circuit must comply with the following requirements:
1. For the purpose of prevention of unnecessary protection operation in case of short circuit beyond the protection area, generally, an error (total or current) of the current transformers must not exceed 10%. Higher errors are allowed in case of use of protections (e.g. the differential protection of buses with braking) the proper actions of which, in case of increased errors, are ensured with special measures. The following requirements must be complied with:
for stage protections, in case of short circuit at the end of operation of the protection stage and for directional stage protections – also including an external short circuit;
for other protections – in case of external short circuit.
For differential current protections (buses, transformers, generators, etc.) the total error is taken into account, and current error for other protections, and total error in case of inclusion of the latter for the amount of currents of two or more current transformers and mode of external short circuits.
While calculating permissible current transformer loads, it is allowed to assume the total error as the basic one.
2. For the purpose of prevention of failures of the protection in case of short circuit in the beginning of the protected area, the current error of current transformers must not exceed:
in terms of conditions of excessive vibration of contacts of the power direction relay or current relay, the values allowable for the chosen type of relay;
in terms of conditions of the maximum allowable angular error for the power direction relay and directional relay of resistances of angular error - 50%.
3. The voltage at the leads of the current transformer secondary winding in case of short circuit in the protected area must not exceed the value allowable for the automatic equipment relay protection device.
3.2.30. As a rule, the current mains of electrical measuring instruments (including meters) and relay protection must be hooked up to different windings of current transformers.
It is allowed to hook them up to one winding of current transformers provided the requirements of 1.5.18 and 3.2.29 are complied with. In this case, in protection circuits which on a principle of operation basis can work incorrectly if current mains are faulty, it is allowed to connect electric meters only via current intermediate transformers provided current transformers comply with the requirements of 3.2.29 in case the secondary circuit of intermediate current transformers is open.
3.2.31. It is recommended to use the protection with the use of a direct action relay (primary and secondary) and protections of alternating operative current when it is possible and if it simplifies the electrical installation and makes it cheaper.
3.2.32. As a rule, the current transformers of a protected element should be used as a source of an alternating operative current for the protection against a short circuit. It is also allowed to use voltage transformers or auxiliary transformers.
Depending on specific conditions, one of following circuits must be used: with deshunting of shutoff electromagnets of breakers; with power units; with chargers with a capacitor.
3.2.33. Relay protection devices taken out of service under the conditions of the mode of mains, selectivity of operation or for other reasons, must have special gears for removing them from service by operating personnel.
With the purpose of ensuring performance checks and tests, test units or measuring terminals are installed in the protection circuits if possible.
PROTECTION OF TURBINE-DRIVEN GENERATORS DIRECTLY SWITCHED TO COLLECTING BUSES OF GENERATING VOLTAGE[image: image1.wmf]1
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 The requirements presented in 3.2.34-3.2.50 can be used as guidance for other generators.
3.2.34. For turbine-driven generators of more than 1 kV, capacity of more than 1 MW, directly switched to collecting buses of generating voltage, relay protection devices against the following types of faults and disruption of the normal operation mode must be installed:
1) multiphase short circuits in the generator stator winding and its leads;
2) single-phase ground short circuits in the stator winding;
3) double ground short circuits, one of which occurred in the stator winding and the other in the external main;
4) short circuits between the turns of one phase in the stator winding (if parallel path ends of the winding are available);
5) external short circuits;
6) reverse sequence current overloads (generators with a capacity of more than 30 MW);
7) symmetrical overload of the stator winding;
8) overloads of the rotor winding with excitation current for generators with direct cooling of winding conductors;
9) ground short circuit at the second point of excitation circuit;
10) asynchronous mode with loss of excitation (according to 3.2.49).
3.2.35. In turbine-driven generators of more than 1 kV, capacity of 1 MW or less, directly switched to collecting buses of generating voltage, it is necessary to install a relay protection device according to clauses 3.2.34, 1-3, 5 and 7.
In turbine-driven generators of up to 1 kV, capacity of up to 1 MW, directly switched to collecting buses of generating voltage, it is recommended to implement the protection according to 3.2.50.
3.2.36. For protection against multiphase short circuits in the turbine-driven generator stator winding of more than 1 kV, capacity of more than 1 MW, having leads of separate phases on the side of neutral conductor, a longitudinal differential current protection (see 3.2.27 for exceptions) must be installed. The protection must trip all breakers of the generator, suppress the field and also shut down the turbine.
In addition to the generator, the area of operation of the protection must include connections of the generator with collecting buses of the electrical generating plant (upstream the breaker).
A longitudinal differential current protection must be implemented with an actuation current of not more than 0.6 Irated. 
For generators with a capacity of up to 30 MW with indirect cooling, it is allowed to implement a protection with an actuation current of 1.3-1.4 Irated. 
Any malfunction of current mains of the protection should be controlled in case the actuation protection current is more than Irated.
A longitudinal differential current protection must be implemented with an offset from the transient unbalance current values (e.g. a relay with saturated current transformers).
The protection should be three-phase and three-relay. In generators with a capacity of up to 30 MW, it is allowed to implement a two-phase and two-relay protection if the protection from double ground short circuit is available.
3.2.37. For protection against multiphase short circuits in the stator winding of generators of more than 1 kV, capacity up to 1 MW, operating in parallel with other generators or power grid, a current cut-off without time lags must be installed at the end of generator leads to collecting buses. If the current cut-off does not meet the requirements of sensitivity, it is allowed to install a longitudinal differential current protection instead.
It is also allowed to use a current cut-off instead of a differential protection for generators of a higher capacity which have no phase leads on the neutral end.
In single generators of more than 1 kV, capacity of up to 1 MW, protection against external short circuits should be used (see 3.2.44) as the protection against multiphase short circuits in the stator winding. The protection must trip all generator breakers and suppress its field. 
3.2.38. For the protection of generators of more than 1 kV against single-phase short circuits in the stator winding in case of natural capacitance current of ground short circuit of 5 A or higher (regardless of availability or unavailability of compensation), a current protection reacting to total current of ground short circuit or to its components of higher harmonics must be installed. If required, current transformers of zero sequence can be installed directly at the generator leads for switching purposes. Also, the use of the protection is recommended in case of capacitance current of ground short circuit less than 5 A. The protection should be separated from the transient phenomena and operate as described in 3.2.36 or 3.2.37.
If a ground short circuit protection is not installed (since it is not sensitive with a capacitance ground short circuit current less than 5 A) or does not operate (e.g. in case of compensation of a capacitive current in the mains of generating voltage), an insulation monitoring device installed on buses and alarm operated can be installed as a protection of the generator against a ground short circuit.
3.2.39. In case current transformer of zero sequence is installed in generators for protection against single-phase ground short circuits, a current protection against double ground short circuits, connected to this current transformer, must be installed.
In order to increase the reliability of operation in case of high current values, a relay with saturated current transformer should be used. This protection must be implemented without time lags and act as the protection specified in 3.2.36 or 3.2.37.
3.2.40. For protection against short circuits between the turns of one phase in the generator stator winding with parallel path leads, a one-system transversal differential current protection without time lags, acting as the protection described in 3.2.36, must be installed.
3.2.41. For protection of generators with capacity of more than 30 MW against the currents caused by external asymmetric short circuits as well as against overloads by current of reverse sequence it is necessary to provide a current tripping protection of reverse sequence with two time lags (see 3.2.45).
In generators with direct cooling of the winding conductors, a protection must be constructed with the stage or dependent characteristics of a time lag. The stage and dependent characteristics with higher time lags must not be higher than the characteristics of allowable current of reverse sequence overloads of the generator.
In generators with indirect cooling of the winding conductors, a protection must be implemented with an independent time lag with an actuation current not more than the allowable current for the generator when the current of reverse sequence runs through it during 2 min; smaller time lag of the protection must not exceed the allowable duration of the double-phase short circuit of the generator leads.
The tripping current protection of reverse sequence must be supplemented by more sensitive alarm operated element with an independent time lag. The actuation current of this element must not exceed the permissible continuous current of reverse sequence for such type of generator.
3.2.42. For the protection of generators with a capacity of more than 30 МW against external symmetrical short circuits, a maximum current protection with minimum voltage supply must be installed. It must include one current relay, switched for the phase current, and one minimum voltage relay, switched for the phase-to-phase voltage. The actuation current of the protection must be about 1.3-1.5 Irated and the actuation voltage - about 0.5-0 Urated. 
A one relay remote protection of generators with direct cooling of the winding conductors can be installed instead of such protection.
3.2.43. For protection of generators with a capacity of more than 1 MW to 30 MW against external short circuits, a maximum current protection with a combined voltage supply should be used. It should include one minimum voltage relay, switched for the phase-to-phase voltage, and one filter-relay device of voltage of reverse sequence, breaking the circuit of minimum relay voltage.
The actuation current of protection and actuation voltage of the minimum voltage element should be as prescribed in 3.2.42 and the actuation voltage of the filter-relay device of voltage of reverse sequence – 0.1-0.12 Urated.
3.2.44. For generators of more than 1 kV with a capacity up to 1 MW, a maximum current protection connected to the current transformers on the neutral end must be used as a protection against external short circuits. The set point of protection should be chosen by the load current with required reserve. It is also allowed to use a simplified minimum protection of voltage (without current relay).
3.2.45. Protection of generators with a capacity of more than 1 MW against currents caused by external short circuits must be implemented complying with the following requirements:
1. The protection must be connected to current transformers installed at the generator leads on the neutral end.
2. In case of sectionalising of buses of generating voltage, the protection should be implemented with two time lags: smaller time lags for tripping of appropriate sectional and busbar couplers; bigger time lags for tripping of the generator breaker and field suppression.
3.2.46. In generators with direct cooling of the winding conductors a protection of the rotor from overload must be installed when the generator operates with the basic and reserve excitation. The protection should be implemented with a current independent or current dependent time lag and reacting to the increase of voltage or current in the stator winding. The protection should trip the generator breaker and suppress the field. In case of the smaller time lag from the protection, the rotor must be unloaded.
3.2.47. Protection of generator against the currents caused by a symmetrical overload must be implemented as a maximum alarm operated current protection with a time lag and using the current of one phase of the stator.
For unloading and, If necessary, for automatic tripping of the generator with direct cooling of the winding conductors in case of symmetrical overloads, it is allowed to use the protection of the rotor according to 3.2.46 and reacting to overloads of the rotor, accompanying symmetrical overloads of turbine-driven generators.
3.2.48. Protection against ground short circuits at the second point of the excitation circuit of turbine-driven generator must be installed in one package for several (but no more than three) generators with close parameters of excitation circuits. The protection must be switched in use only in case of ground short circuits in one point of the excitation circuit, found by periodic monitoring of the insulation (see chapter 1.6). The protection must trip the generator breaker and suppress the field in generators with direct cooling of the winding conductors and operate alarm or trip in generators with indirect cooling.
3.2.49. In turbine-driven generators with direct cooling of the winding conductors, it is recommended to install protective devices against asynchronous conditions with loss of excitation. Instead of this it is allowed to provide automatic detection of asynchronous conditions only on the basis of the devices of automatic field suppression. In case of operation of such protective devices or tripping of the field suppressor of the generators allowing asynchronous conditions, an alarm about the loss of excitation must be given.
Generators which do not allow asynchronous conditions and, in the conditions of reactive power shortage in the system, the other generators which lost excitation must be disconnected from the main in case of operation of given devices (protection or automatic field suppression).
3.2.50. Protection of generators of up to 1 kV, with capacity of up to 1 MW with an unearthed neutral from all types of damages and abnormal modes of operation should be provided by installation at the leads of a circuit breaker with maximum releasers or a breaker with a maximum current protection of two-phase modification. If leads are available on the neutral end, specified protection, if possible, should be connected to current transformers installed at such leads.
In the above-mentioned generators with a solidly grounded neutral, this protection should be implemented as three-phase modification.
PROTECTION OF TRANSFORMERS (AUTOTRANSFORMERS) WITH WINDING OF A HIGH VOLTAGE OF 3 кV AND HIGHER AND SHUNT REACTORS OF 500 кV
3.2.51. Relay protection devices against the following types of damages and abnormal modes of operation should be installed in transformers[image: image3.wmf]1
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 Hereinafter in section 3 the term "transformers" covers autotransformers (of appropriate voltage and power) unless otherwise provided in the text.
1) multiphase short circuits in the windings and leads;
2) single-phase ground short circuits in the wiring and leads connected to the main with a solidly grounded neutral;
3) turn-to-turn short circuits in the winding;
4) currents in the windings caused by external short circuits;
5) currents in the windings caused by an overload;
6) oil level drop;
7) partial damage of insulation of leads, 500 kV;
8) single-phase ground short circuits in mains of 3-10 kV with an insulated neutral if the transformer feeds the mains where clearance of single-phase ground short circuits is required according to safety requirements (see 3.2.96).
It is also recommended to use a protection against single-phase ground short circuits on the end of 6-35 kV autotransformers with a high voltage of 220 kV and higher.
3.2.52. In shunt reactors of 500 kV, it is necessary to install devices of relay protection from the following types of damages and abnormal modes of operation:
1) single-phase and two-phase ground short circuits in the windings and leads;
2) turn-to-turn short circuits in the winding;
3) oil level drop;
4) partial damage of insulation of leads.
3.2.53. A gas protection against damages inside the enclosure causing gas leaks and against an oil level drop must be installed in:
transformers with a capacity of 6.3 MV·A or higher;
shunt reactors of a voltage of 500 kV;
intrashop step-down transformers with a capacity of 630 kV·A or higher.
A gas protection can also be installed in transformers with a capacity of 1-4 MV·A.
A gas protection must be alarm operated in case of weak gas formation, oil level drop and trip in case of intensive gas formation and further oil level drop.
A protection against damages inside the transformer enclosure causing gas leaks can also be implemented, using a pressure relay.
A protection against oil level drop can also be implemented as a separate level relay in the transformer expander.
For the protection of a contactor of an on-load tap charger with arc breakage in oil, a separate gas relay and a pressure relay should be installed.
For the protection of on-load tap-charging selectors, placed in a separate tank, a separate gas relay is installed. 
The possibility to transfer the alarm operation of a tripping element of the gas protection and to perform separate alarms from the alarm and tripping elements of the gas relay (difference in the nature of alarms) should be provided.
It is allowed to implement a gas protection when the tripping element is only alarm operated:
in transformers installed in the areas affected by earthquakes;
in intrashop step-down transformers with a capacity of 2.5 MV·A and less, having no breakers on the end of high voltage.
3.2.54. For the protection against damages at the leads and also against internal damages, the followings must be implemented:
1. A longitudinal differential current protection without a time lag in transformers with a capacity of 6.3 MV·A and more, shunt reactors of 500 kV as well as in transformers with a capacity of 4 MV·A when the latter operate in parallel with the purpose of selective tripping of a damaged transformer.
A differential protection can be installed in transformers of a lower capacity but not less than 1 MV·A if:
the current cut-off does not meet the requirements of sensitivity and the maximum current protection has a time lag of higher than 0.5 s;
the transformer is installed in area affected by earthquakes.
2. The current cut-off without a time lag installed on the power supply end and the female part of the winding of the transformer if a differential protection is not provided.
The above-mentioned protections must trip all breakers of the transformer.
3.2.55. A longitudinal differential current protection must be implemented with application of special current relays built from current surges of magnetisation, unbalance transient and static currents (e.g. saturated current transformers, restraint windings).
In transformers with a capacity of up to 25 MV·A, it is allowed to implement a protection with a current relay built by the actuation current from current surges of magnetisation and unbalance transient values (differential cut-off) if a required sensitivity is provided.
A longitudinal differential protection must be implemented so that its area of operation can include connections of the transformer with collecting buses.
For differential protection, it is allowed to use current transformers built-in in the transformer in case of availability of a protection clearing (with required response speed) the short circuit in connections of the transformer with collecting buses.
If a reactor is installed in the low-voltage circuit of the transformer and the protection of the transformer does not comply with the requirements of sensitivity in case of short circuit downstream the reactor, it is allowed to install current transformers on the transformer low-voltage leads end to provide the protection of the reactor.
3.2.56. The functions of the sensors of start-up of the fire extinguishing installation must not be the responsibility of the differential and gas protections of transformers, autotransformers and shunt reactors. The fire-extinguishing installation system of the above elements must be started with a special fire detection device.
3.2.57. The lead insulation monitoring device of 500 kV must be implemented as alarm operated in case of partial failure of the insulation of the leads, which does not require immediate tripping, and as tripping in case of damage of the insulation of the leads (before the insulation does not fully fails).
The blocking must be implemented, preventing false responses of the lead insulation monitoring device, when the connection circuits of the leads insulation monitoring device to the leads break.
3.2.58. In case of connection of transformers (except for intrashop transformers) to the lines without breakers (e.g. according to the line-transformer unit circuit) to clear failures of the transformer, one of the following measures must be allowed:
1. Installation of a short-circuiting switch to provide an artificial ground short circuit of one phase (for the circuit with a solidly grounded neutral) or two phases among themselves (for the circuit with an insulated neutral) and, if required, an isolating switch automatically tripping (dead time) the automatic recloser of the line. A short-circuiting switch must be installed outside the area of differential protection of the transformer.
2. Installation on the high-voltage end of the step-down transformer of open fuse links performing the functions of the short-circuiting switch and isolating switch in combination with the automatic recloser of the line.
3. A tripping alarm is transferred to the breaker/breakers of lines. Besides, if necessary, an isolating switch is installed. For redundancy of transfer of a tripping alarm, it is allowed to install a short-circuiting switch.
When taking decision concerning the expediency of application of the transfer of a tripping alarm the followings must be taken into consideration instead of the measures given in clauses 1 and 2:
responsibility of the line and admissibility of artificial creation of a solid fault in it;
transformer capacity and acceptable time for restoration of its faults;
remoteness of a substation from feeding end of the line and ability of the switch to clear short-line faults;
consumer’s nature in terms of required speed of voltage-recovery;
probability of failure of the short-circuiting switch at low temperatures and ice are concerned.
4. Installation of fuses on the high-voltage end of a step-down transformer.
The measures given in clauses 1-4 may not be implemented for line-transformer units if (in case of two-way power supply) the transformer is protected with a general protection of the unit (high-frequency or longitudinal differential of special purpose) as well as at the power of the transformer is 25 MV·A or less in case of one-way feed if the protection of the supply line also provides a protection of the transformer (high-speed protection of the line partially protects the transformer and the redundancy protection of the line with time not more than 1 s entirely protects the transformer). Besides, a gas protection is implemented in such a way that a tripping element is only alarm operated.
When the measures given in clauses 1 or 3 are used the followings must be installed in the transformer:
If built-in current transformers are available on the high-voltage end of the transformer (110 kV or higher) - protections according to 3.2.53, 3.2.54, 3.2.59 and 3.2.60;
if built-in current transformers are not available – a differential (according to 3.2.54) or maximum current protection implemented with the usage of overlay or magnetic current transformers and a gas protection according to 3.2.53.
Failures at the leads of high voltage of transformers are allowed to remove by protecting the line.
In specific cases if built-in current transformers are unavailable, it is allowed to use remote current transformers if overlay or magnetic current transformers are not of the required characteristics of the protection.
For the protection of transformers with a high voltage of 35 kV if the measures of clause 1 are used, remote current transformers should be installed. Besides, the expediency of installation of a short-circuiting switch and remote current transformers or a switch with built-in current transformers must be justified by a technical and economic calculation.
If open fuse links are used (see clause 2), then for the purpose of stepping up sensitivity, the gas protection can operate by mechanical way of artificial short circuit in the fuse links.
If the loads of transformers of substations include synchronous motors, the measures on prevention of tripping by the isolating switch (in case of short circuit in one of the transformers) of the current from the synchronous motors running through other transformers must be taken.
3.2.59. In transformers with a capacity of 1 MV·A and more, the following tripping protections must be installed in the capacity of protections against the currents in the windings caused by external multiphase short circuits: 
1. in step-up transformers with two-way feed - a current protection of reverse sequence from asymmetric short circuits and a maximum current protection with a minimum supply of voltage from symmetrical short circuits or a maximum current protection with combined voltage supply (see 3.2.43);
2. in step-down transformers - a maximum current protection with combined voltage supply or without it; in high-power step-down transformers in case of availability of two-way power supply it is possible to use a current protection of reverse sequence from asymmetric short circuits and a maximum current protection with a minimum voltage supply from symmetrical short circuits.
When choosing an actuation current of maximum current protection it is necessary to take into account possible overload currents in case of tripping of parallel transformers and a current of self-starting of the electric motors feeding from the transformers.
In step-down autotransformers of 330 kV and higher it is necessary to install a remote protection for operation in case of external multiphase short circuits when this is required for provision of a remote redundancy or coordination of protections of adjacent voltage; in this case it is allowed to install the above-mentioned protection in autotransformers of 220 kV.
3.2.60. In transformers with a capacity less than 1 MV·A (step-up and step-down ones), a tripping maximum current protection must be installed in the capacity of protections against the currents caused by external multiphase short circuits.
3.2.61. A protection against the currents caused by external multiphase short circuits should be installed:
1) in double-winding transformers - on the main power supply end;
2) in multiwinding transformers connected by three and more breakers - on all ends of the transformer; it is allowed not to install a protection on one of the ends of the transformer, but use it on the end of the main power supply so that it, with a smaller time lag, can trip the breakers from the end where the protection is unavailable;
3) in a step-down double-winding transformer feeding the sections operating separately, - on the power supply end and on each section end;
4) in case of use of overlay current transformers on the high-voltage end - on the low-voltage end of the double-winding transformer and on the low and average voltages of the triple-winding transformer.
A protection against the currents caused by external multiphase short circuits can be installed only for redundancy protections of adjacent elements and not be installed for operation in case of a failure of the main protections of transformers if this measure causes a significant complication of the protection.
In case of implementation of a protection against the currents caused by external multiphase short circuits, according to clauses 3.2.59 and 2, the necessity and possibility of adding to it a current cut-off designed for tripping of short circuit in the buses of average and low voltages with a smaller time lag, (depending on the level of currents of the short circuit, availability of a separate protection of buses, a possibility of matching with the protections of outgoing elements) should be considered.
3.2.62. If the protection of step-up transformers against the currents caused by external multiphase short circuits does not comply with the requirements of sensitivity and selectivity, it is permitted to use a current relay of appropriate protection of generators for protection of the transformer.
3.2.63. In step-up transformers with a capacity of 1 MV·A or higher, transformers with two and tree-way power supply and in autotransformers, under the condition of redundancy of clearance of the ground short circuit of adjacent elements, and in autotransformers under the condition of provision of selectivity of protections against ground short circuits of mains of different voltages as well, a current protection of zero sequence against external ground short circuits installed on the end of the winding connected to the mains with bigger ground short circuits must be implemented.
If part of the transformers (from those having the incomplete insulation of the winding on the zero lead end) with an insulated neutral is available, inadmissible operating conditions of the neutral of such transformers must be prevented according to 3.2.28. For this purpose, when the transformers with a grounded and insulated neutral, having power supply on the low-voltage end, are installed in the electric generating plant or substations, a protection, which trips the transformer with an insulated neutral or its automatic grounding before tripping of the transformers with the grounded neutral connected to the same buses or section of the main must be installed.
3.2.64. In autotransformers (multiwinding transformers) with power supply from the several sides, a protection against the currents caused by external short circuits should be directional if this is required by the requirements of selectivity.
3.2.65. In 220-500 kV autotransformers of substations, generator-transformer units of 330-500 kV and 220-500 kV coupling autotransformers of electric generating plants, the possibility to quickly speed up the protections against the currents caused by external short circuits if differential protections of buses or bus arrangement, clearing the faults of the elements, which remained without the high-speed protection with a time lag of 0.5 s, are disabled must be foreseen.
3.2.66. In step-down transformers and transformer-mains units with a high voltage of up to 35 kV and star-connection of the low-voltage winding with a grounded neutral, it is necessary to provide a protection against single-phase ground short circuits in the low-voltage mains, which is implemented by:
1) a maximum current protection from external short circuits installed on the high-voltage end and, if this is required according to the condition of sensitivity, of three-relay version;
2) circuit breakers or fuses on the low-voltage leads;
3) a special protection of zero sequence installed in the neutral conductor of the transformer (in case of insufficient sensitivity of the protections according to clause 1 and 2).
In industrial electrical installations if the assembly of the low-voltage end with protective devices of connections is in close proximity to the transformer (up to 30 m) or a connection between the transformer and the assembly is implemented by three-phase cables, it is allowed not to use the protection according to clause 3.
If the protection is implemented according to clause 3, it is allowed not to match it with the protections of the elements outgoing from the assembly on the low voltage end.
In the line-transformer circuit, in case of application of the protection according to clause 3, it is allowed not to run a special control cable for provision of the operation of this protection to the breaker on the high-voltage end and to implement it to operate the circuit breaker installed on the low voltage end.
The requirements of this clause also cover the protection of the above-mentioned transformers with fuses installed on the high-voltage end.
3.2.67. On the low-voltage end of step-down transformers with high voltage of 3-10 kV, feeding the assemblies with connections protected by fuses, the main fuse or circuit-breaker should be installed.
If the fuses of the low-voltage connections and fuses (or relay protection) on the high-voltage end are serviced and are under the responsibility of the same staff (e.g. only staff of an energy system or only staff of a consumer), the main fuse or circuit-breaker on the low-voltage end of the transformer may not be installed.
3.2.68. A protection against single-phase ground short circuits according to clauses 3.2.51, 8 must be implemented according to 3.2.97.
3.2.69. In transformers with a capacity of 0.4 MV·A or higher depending on the probability and value of possible overload, it is necessary to provide a maximum current protection against the currents caused by an overload with alarm operation.
For substations without permanent attendance of staff, it is allowed to implement automatic unloading protection or tripping (if it is impossible to eliminate such overloads by other means).
3.2.70. If, on the neutral end of the transformer, there is a separate additional transformer for voltage control under load, the following protections should be provided in addition to those presented in 3.2.51-3.2.57, 3.2.59, 3.2.63:
a gas protection of the additional transformer;
a maximum current protection with brake action in case of external short circuits against faults in the primary winding of the additional transformer, except when such a winding is included in the area of operation of the differential current protection of the circuits of the low-voltage end of the autotransformer;
a differential protection which covers the secondary winding of the additional transformer.
3.2.71. The protection of the line additional transformer installed on the low-voltage end of the autotransformer should be performed by:
a gas protection of the additional transformer and a protection of the contactor on-load tap charger, which can be implemented with application of a pressure relay or separate gas relay;
a differential current protection of the circuits of the low-voltage end of the autotransformer.
PROTECTION OF GENERATOR-TRANSFORMER UNITS 
3.2.72. In generator-transformer units with generators with a capacity of more than 10 MW, relay protection devices against the following types of faults and abnormal modes of operation must be installed:
1) ground short circuits on the generating voltage end;
2) multiphase short circuits in the stator winding of a generator and its leads;
3) short circuits among the turns of one phase in the stator winding of a turbine-driven generator (according to 3.2.76);
4) multiphase short circuits in the transformer winding and leads;
5) single-phase ground short circuits in the winding of a transformer and its leads connected to the main with higher ground short circuits;
6) short circuits among the winding turns of a transformer;
7) external short circuits;
8)  overload of generators with currents of reverse sequence (for units with generators with a capacity of more than 30 MW);
9) symmetrical overload of the stator winding of generators and transformer windings;
10) overload of the generator rotor winding with an excitation current (for turbine-driven generators with direct cooling of the winding conductors and for hydrogenerators);
11) voltage stepping-up on the generator stator and the unit transformer (for units with turbine-driven generators with a capacity of 160 MW or higher and for all units with hydrogenerators);
12) ground short circuits in one point of the excitation circuit (according to 3.2.85);
13) ground short circuits in another point of the excitation circuit of turbine-driven generators with a capacity of less than 160 MW;
14) asynchronous mode of operation with loss of excitation[image: image5.wmf]1
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 See chapter 3.3. for prevention of the asynchronous mode of operation condition without loss of excitation. 
15) oil level drop in the transformer tank;
16) partial insulation failure of the 500 kV inputs of transformers.
3.2.73. Instructions concerning the implementation of the protection of generators and step-up transformers related to their separate operation are also effective in the event when they are assembled in a generator-transformer (autotransformer) unit, taking into consideration the requirements of 3.2.74-3.2.90.
3.2.74. As a rule, in units with generators with a capacity of more than 30 MW, a protection against ground short circuits in the generated voltage circuit covering all stator winding must be installed.
If the capacity of the unit generator is 30 MW or less, one should use devices protecting at least 85% of the stator winding. Application of such devices is also allowed in units with turbine-driven generators with a capacity ranging from 30 up to 160 MW if it is required to put a generator of additional equipment into the circuit for the purpose of the protection of all stator winding.
It should be a tripping protection with a time lag of not more than 0.5 s in all blocks without tappings of generating voltage and with tapping to the auxiliary transformers. In units, having an electrical connection with the auxiliary or consumer mains, fed from the lines from tappings between the generator and the transformer if the capacitance current of ground short circuits is 5 A or higher, there must be installed tripping protections against ground short circuits in the generator stator winding and against double ground short circuits as provided for generators switched to collecting buses (see 3.2.38 and 3.2.39). If the capacitance ground short circuit current is less than 5 A, a protection against ground short circuits can be implemented the same as in units without tappings of generating voltage, but alarm operated.
In case of availability of a breaker in the generator circuit, a ground short circuit alarm on the generating voltage end of the transformer unit must be also installed.
3.2.75. In the unit with the generator having indirect cooling, consisting of one generator and one transformer if a breaker is not available in the generator circuit, it is recommended to install one general longitudinal differential protection of the unit. In case a breaker is not available in the generator circuit, separate differential protections must be installed in the generator and the transformer.
If two transformers are used in the unit instead of one, as well as in case of operation of two and more generators without breakers in the unit with one transformer (enlarged block), a separate longitudinal differential protection must be installed in each generator and transformer with a capacity of 125 MV·A and more. In case of unavailability of built-in current transformers at the low-voltage leads of these transformers, it is allowed to use a general differential protection for two transformers.
In the unit with the generator, having a direct cooling of the winding conductors, a separate longitudinal differential protection of the generator should be installed. Besides, if the generator circuit includes a breaker, a separate differential protection of the unit transformer (or each transformer if two transformers or more operate in the unit; if built-in current transformers are unavailable on the low-voltage end of these transformers, it is allowed to use a general differential protection for the unit transformers) must be installed. If a breaker for protection of the unit transformer is unavailable, a separate differential protection or a common longitudinal differential protection of the unit (a common differential protection of the unit is preferable for the units consisting of one generator and one transformer) should be installed.
On the high-voltage end, the differential protection of the transformer (unit) can be switched for the current transformers, built-in in the unit transformer. In this case a separate protection must be installed between the breakers on the high-voltage end and the unit transformer for the purpose of protection of the bus arrangement. 
The separate differential protection of the generators must be implemented as three-phase and three-relay one with an actuation current similar to the current described in 3.2.36.
For the redundancy of given differential protections in the units with generators with a capacity of 160 MW and more, having direct cooling of the winding conductors, a redundancy differential protection covering the generator and the transformer of unit together with the bus arrangement on high-voltage end should be implemented.
It is also recommended to install a redundancy differential protection of the units, if the capacity of generators with direct cooling of the winding conductors is less than 160 MW.
If a reserve differential protection is used in the units without a breaker in the generator circuit, it is recommended to install separate main differential protections of the generator and the transformer.
If a breaker is available in the generator circuit, a redundancy differential protection must be implemented with a time lag of 0.35-0.5 s.
3.2.76. In turbine-driven generators with two or three parallel paths of the stator winding, a one-system transversal differential protection against turn-to-turn short circuits in one phase (operating without a time lag) should be installed.
3.2.77. In the units with generators with a capacity of 160 MW and more with direct cooling of the winding conductors, a current protection of reverse sequence with integral dependent characteristics corresponding to the characteristics of allowable overloads of a protected generator with the currents of reverse sequence must be installed. The protection must trip the switch of the generator, and if it is not available it must disconnect the unit from the mains. For the redundancy of the protections of elements adjacent to the units, specified protection must have an element with an independent time lag, tripping the unit from the mains and two-stage operation according to 3.2.81.
In the units with generators with a capacity of less than 160 MW, having direct cooling of the winding conductors, as well as in the units with hydrogenerators with a capacity of more than 30 MW, having indirect cooling, the current protection of reverse sequence must be implemented with a time grading or dependent time lag. In this case, different protection stages may have one or more time lags (see 3.2.81, 4). Specified time grading or dependent time lag must be matched with the characteristics of the generator allowable overloads caused by the currents of return sequence (see 3.2.41).
In the units with turbine-driven generators with indirect cooling with a capacity of more than 30 MW, a protection must be implemented according to 3.2.41.
In addition to the tripping protections, in all units with turbine-driven generators with a capacity of more than 30 MW, an overload alarm caused by the currents of reverse sequence must be implemented according to 3.2.41.
3.2.78. In the units with generators with a capacity of more than 30 MW, a protection against the external symmetrical short circuit must be constructed as described in 3.2.42. In this case the voltage of protection operation of hydrogenerators must be accepted approximately 0.6-0.7 of the rated voltage. In the units with turbine-driven generators, having a redundancy exciter, specified protection must be supplemented with a current relay, switched for the current on the high-voltage end of the unit.
In the units with generators with a capacity of 60 MW and more, it is recommended to use a remote protection instead of the above-mentioned protection. In the units with generators, having direct cooling of the winding conductors, it is allowed to use a two-stage remote protection against interphase short-circuits instead of the redundancy differential protection (see 3.2.75). 
The first stage of this protection, performing a local redundancy, must be implemented with blocking during swinging and operate as indicated in 3.2.81, 3, with a time lag of not more than 1 s. The first stage must reliably cover the unit transformer, providing the selectivity, with protections of adjacent elements. The redundancy with the first stage of protections of the generator is mandatory if separate differential protections of the transformer and the generator are used in the unit.
The second stage, performing a remote redundancy, must operate as described in 3.2.81, 2.
It is recommended to install a two-stage distance protection also in case of availability of a redundancy differential protection to increase the efficiency of the remote redundancy. Both stages of the remote protection in this case must operate as described in 3.2.81, 2.
3.2.79. The protection against external short circuits in the units with generators with a capacity of 30 MW and less must be implemented according to 3.2.43. The parameters of protection operation in the units with hydrogenerators must be assumed according to 3.2.42, 3.2.43 and 3.2.78.
3.2.80. In generator-transformer units with a breaker in the generator circuit if the redundancy differential protection of the unit is unavailable, a maximum current protection must be installed on the high-voltage end of the unit, designed for redundancy of the main protections of the unit transformer during operation with the tripped generator.
3.2.81. The redundancy protection of the generator-transformer units must be implemented, taking into account the followings:
1. On the generating voltage end of the unit transformer, a protection is not installed, but the protection of the generator is used.
2. As a rule, in case of remote redundancy, the protection must operate with two time lags: the first for division of the circuit on the high-voltage end of the unit (for example, tripping of the bar coupler and sectional switch); the second for tripping the unit from the main.
3. The local redundancy protection must disconnect the unit (generator) from the main, suppress the generator field and shut down the unit should this so required under 3.2.89.
4. Depending on their purpose and expediency of usage for remote and local redundancy protections, some stages or devices of the redundancy protection can have one, two or three time lags.
5. It is recommended to install the elements of supply of the voltage of the protections according to 3.2.78 and 3.2.79 on the generating voltage end and on the main end.
6. As a rule, for the main and redundancy protections of the unit, separate output relays and power supply of operating current from different circuit-breakers must be implemented.
3.2.82. In the units with turbine-driven generators, the protection against symmetrical overloads of the stator must be implemented in the same way as in generators switched to collecting buses (see 3.2.47).
In hydroelectric power plants without constant attendance of operating crew, in addition to the alarm of symmetrical overloads a tripping protection with independent characteristics and with a bigger time lag of the unit (generator) and with a smaller time lag for unloading must be installed. Adequate devices may be used in the excitation control system instead of specified protection.
3.2.83. In generators of 160 MW and more with direct cooling of the winding conductors, a protection against overload of the rotor winding with excitation current must be implemented with an integral dependent time lag corresponding to the characteristics of the allowable overloads of the generator with excitation current. It must be a tripping protection.
When it is impossible to switch the protection for the current of the rotor (e.g. with brushless excitation), it is allowed to use a protection with an independent time lag, reacting to any increase of voltage in the excitation circuit.
Protection should have the possibility of operation with a smaller time lag to decrease the excitation current. In case of availability of overload limitation devices in the excitation regulator, the unloading can be performed simultaneously from these devices and from the protection of the rotor. It is also permitted to use an overload limitation device in the automatic excitation regulator to provide unloading (with two time lags) and tripping. In this case it is not necessary to install a protection with an integrated dependent time lag.
In turbine-driven generators with a capacity of less than 160 MW with direct cooling of the winding conductors and in hydrogenerators with a capacity of more than 30 MW with indirect cooling, the protection must be implemented as described in 3.2.46.
In case of availability of devices of group control of excitation, it is recommended to implement a protection with a dependent time lag.
In case of operation of generators with a redundancy exciter, the protection of the rotor against an overload must remain in process. If it is impossible to use a protection with a dependent time lag, it is permitted to install a protection with an independent time lag in the redundancy exciter.
3.2.84. In the units with turbine-driven generators with a capacity of 160 MW and more, for prevention of an increase of voltage in the idling conditions, there must be installed a protection against an increase of voltage which is automatically disabled if the generator runs loaded. The protection must suppress the field of the generator and the exciter.
In the units with hydrogenerators, for prevention of an increase of voltage in case of load shedding, the protection against an increase of voltage must be installed. The protection must trip the unit (generator) and suppress the field of the generator. The operation of the protection to shut down the generator is also allowed.
3.2.85. A protection against ground short circuits in one point of the excitation circuit must be installed in hydrogenerators, turbine-driven generators with water cooling of the rotor winding and in all turbine-driven generators with a capacity of 300 MW and higher. The protection of hydrogenerators must be a tripping protection and alarm operated for turbine-driven generators.
A protection against ground short circuits at the second point of the excitation circuit of turbine-driven generators must be installed in the units with a capacity not less than 160 MW according to 3.2.48.
3.2.86. In the units with turbine-driven generators with a capacity of 160 MW and more with direct cooling of the winding conductors and with hydrogenerators, it is necessary to install protection systems against asynchronous conditions with loss of excitation.
It is recommended to use the above-mentioned devices also in turbine-driven generators with a capacity of less than 160 MW with direct cooling of the winding conductors. In turbine-driven generators it is also permitted to install an automatic detection of asynchronous conditions only if the automatic field suppression devices are in off-position (without application of the protection against asynchronous conditions).
If the turbine-driven generator which lost its excitation is transferred to the asynchronous mode of operation, the above-mentioned protection systems or automatic field suppression must be alarm operated in case of a loss of excitation and automatically switch the auxiliary load in the unit tapping, the generator of which lost excitation, to the redundancy power supply.
All hydrogenerators and turbine-driven generators which do not allow for the asynchronous mode of operation and also other turbine-driven generators must be disconnected from the mains in the conditions of shortage of reactive power in the system in case of operation of the above-mentioned devices.
3.2.87. If there is a breaker in the circuit of the generator with direct cooling of the winding conductors it is necessary to provide a redundancy if such a breaker fails (e.g. by using a circuit-breaker fail protection).
3.2.88. A circuit-breaker fail protection of 110 kV and higher in electric generating plants must be implemented taking into account the followings:
1. For prevention of an excess disconnection of several units with the redundancy protection when open-phase operating conditions occur in one of them as a result of a failure of the breaker with a single phase actuator if it is tripped at electric generating plants with generators with direct cooling of the winding conductors, increased start-up of the circuit-breaker fail protection (e.g. from a current protection of zero sequence of the unit transformer on the mains end with a big ground current) must be installed.
2. In electric generating plants where generator-transformer units and lines have common circuit-breakers (e.g. when a one-and-a-half breaker scheme or a mesh circuit are used), it is necessary to install a device of teletripping to isolate the breaker and disable the automatic recloser on the opposite end of the line in case of operation of the circuit-breaker fail protection, if it is started-up from the protection of the unit. In addition, it is necessary that the circuit-breaker fail protection trips the high-frequency protection transmitter.
3.2.89. In case the protections of the generator stator and the unit transformer perform tripping due to internal failures and so do the protections of the generator rotor, a faulty element must be disconnected from the main, the field of the generator and activator must be suppressed, the circuit-breaker fail protection must be started, and the process protections must be effected.
If the disconnection from the protections leads to de-energising of the auxiliary load, connected with a tapping to the unit, the protection should also trip the breakers in the circuit of the auxiliary working power supply to transfer them to the redundancy power supply using the automatic transfer switch.
In case of external failures, the redundancy protections of the generator and the unit transformer must operate according to 3.2.81, 2-4.
In thermal electrical generating plants with a block design in the thermal part, in case of tripping of the unit when internal failures occur, the unit must be fully shut down. In case of external failures as well as in case of the operation of the protections when the operation of the unit can be quickly restored, the block must be transferred in idling conditions if such a mode is allowed by the heat-mechanic equipment.
In hydroelectric power plants, in case of internal failures of the unit, except for tripping the unit, the unit assembly must be shut down. The tripping of the unit is also allowed if the unit is tripped resulting from external failures.

3.2.90. In generator-transformer-line units, the main protection of the line and the redundancy protection on the energy system end must be implemented according to the requirements on protection of lines given in this chapter, and on the unit end, the functions of the redundancy protection of the line must be performed by the redundancy protections of the unit.
The protection of the unit must be implemented according to the above-mentioned requirements.
The unit tripping operation and start-up of the circuit-breaker fail protection on the energy system end must be transferred by dint of two teletripping devices being under mutual redundancy via a high-frequency channel or communication conductors. In addition, a simultaneous operation of the protection of the unit to trip the high-frequency protection transmitter is recommended.
In the units with turbine-driven generators (block circuit in the thermal part) on the energy system end, the operation of the protection of buses (with a double system of the buses) must be transferred with a teletripping device to the opposite side of the line or the operation of the circuit-breaker failure protection device (one-and-a-half breaker scheme or mesh circuit) must transfer the unit to idling conditions or suppress the generator field and shut down the unit. In addition, it is recommended to use the teletripping device for speeding up the field suppression of the generator and for disabling the auxiliaries in case of the operation of the protections on the energy system side.

In case of an open-phase opening of the breaker on the mains end with a high ground short circuit current, the circuit-breaker failure protection device must be rapidly started up as described in 3.2.88, clause 1.
PROTECTION OF OVERHEAD AND CABLE LINES OF THE MAINS WITH VOLTAGE OF 3-10 кV WITH AN INSULATED NEUTRAL 
3.2.91. In lines of the mains of 3-10 kV with an insulated neutral (including the neutral grounded through a ground-fault neutraliser), relay protection devices must be installed against multiphase short circuits and single-phase ground short circuits.
3.2.92. A protection against multiphase short circuits must be implemented as two-phase one and included in the same phases in the entire mains of the above voltage to ensure clearance, in most cases, of only one fault point of double ground short circuits.
A protection must be one-, two- or three-relay protection, depending on the requirements of sensitivity and reliability.
3.2.93. As a rule, in single lines with one-way power supply there must be implemented a two-stage current protection against multiphase short circuits, the first stage of which must be implemented as a current cut-off and the second one as a maximum current protection with an independent or dependent time lag characteristics must be implemented 
On non-reactivated cable lines with one-way power supply, running from buses of electrical generating plants, the current cut-offs must be implemented without a time lag and their coverage must be determined on the basis of the condition of clearance of short circuits followed by a residual voltage in the buses of given electrical generating plants 0.5-0.6 less that the rated voltage. To observe the above-mentioned condition, it is allowed to construct the protection as non-selective in combination with automatic reclosers or automatic-transfer switches, correcting the non-selective operation of the protection in full or in part. It is allowed to install the above-mentioned cut-offs also in the lines running from the buses of substantions and feeding large synchronous motors.
If on non-reactivated cable lines with one-way power supply, running from the buses of electrical generating plants, current cut-offs can not be used on the basis of the selectivity requirements, in order to provide a speed response, it is allowed to install the protections according to 3.2.94, 2 or 3. Such protections can also be used for the auxiliary operating lines of thermal electrical generating plants.
On reactivated lines which breakers are not designed for clearance of short circuits upstream the reactor current cut-offs are not allowed.
3.2.94. On single lines with two-way power supply, if bypass connections are available or unavailable, and also on the lines, included in the ring mains with one power supply point, it is also recommended to apply the same protections as in single lines with one-way power supply (see 3.2.93), implementing them, if necessary, as directional ones.
With the purpose of simplification of the protections and maintenance of their selective operation, it is allowed to use automatic division of the mains into radial sections as a fault occurs with subsequent automatic recovery of the mains.
If the non-directional or directional current stage protection does not provide the required quick response and selectivity, it is allowed to install the following protections:
1) a remote protection of simple construction;
2) a transversal differential current protection (for double cable lines);
3) a longitudinal differential current protection for short sections of lines; in case of necessity to run a special cable only for the longitudinal differential protection, its length must not exceed 3 km.
For the protections presented in clauses 2 and 3, a current protection should be installed as a redundancy protection. 
3.2.95. In case of implementation of the protection of parallel lines of 3-10 kV, it is necessary to follow the instructions for parallel lines in the mains of 35 kV (see 3.2.104).
3.2.96. A protection against single-phase ground short circuits must be implemented as follows:
alarm operated selective protection (detecting a faulty direction);
tripping selective protection (detecting a faulty direction) when it is necessary under the safety requirements. The protection must be installed in feeding elements in all electrically connected mains;
insulation monitoring devices; in addition, a faulty element must be detected with special devices; it is allowed to detect a faulty element by disconnecting the connections sequentially.
3.2.97. As a rule, a protection against single-phase ground short circuits must be implemented, using current transformers of zero sequence. Basically, the protection must respond to steady ground short circuits; it is also allowed to use devices responding to short-time circuits, without recurrence of such operation.
A tripping protection against single-phase ground short circuits without a time lag, under the safety requirements (see 3.2.96), must trip only an element feeding a faulty section. In addition, a protection as a zero sequence protection with a time lag of 0.5 s, tripping all electrically connected mains (systems/sections of buses or the feeding transformer) must be implemented.

Stepping up a current of industrial frequency specifically for maintenance of the operation of the protection in the mains with a neutral grounded through a ground-fault neutralizer (e.g. detuning the reactor), is not allowed, as a rule.
PROTECTION OF OVERHEAD AND CABLE LINES OF THE MAINS WITH VOLTAGE OF 20 AND 35 кV WITH AN INSULATED NEUTRAL
3.2.98. In lines of the mains of 20 and 35 kV with an insulated neutral, relay protection devices must be installed against multiphase short circuits and single-phase ground short circuits.
3.2.99. A protection against multiphase short circuits must be implemented as two-phase and two-relay and included in the same phases in the entire mains of specified voltage to ensure clearance, in most cases, of only one fault point of double ground short circuits.
With the purpose of increasing the sensitivity to failures downstream the transformers with a wye-delta connection of the windings, a three-relay protection is allowed.

As a rule, a protection against ground single-phase short circuits must be alarm operated. An insulation monitoring device must be used for putting the protection into practice.

3.2.100. When choosing a type of protection, it is necessary to take into account the requirements of provision of stable operation of an energy system and reliable operation of consumers similar to those for the protection of lines with voltage of 110 kV (see 3.2.108).

3.2.101. In single lines with one-way power supply against multiphase short circuits, as a rule, stage current protections or stage current and voltage protections must be installed, and if such protections do not comply with the requirements of sensitivity or quick clearance of faults (see 3.2.108), e.g. in the main sections, a remote stage protection with mainly current triggering must be installed. In the event of the latter, it is recommended to install a current cut-off without a time lag as an additional protection.
In lines consisting of several sequential sections, for the purpose of simplification it is allowed to use non-selective stage current and voltage protections in conjunction with alternating automatic reclosers.

3.2.102. On single lines with power supply from two or more sides (for the latter, in lines with tappings) with/without bypass connections and on lines included in the ring mains with one power supply point, it is recommended to use the same protections as for single lines with one-way power supply (see 3.2.101), implemented, if required, as directional protections, and remote protections – with start-up from the resistance relay. Non-selective tripping of adjacent elements is allowed in case of short circuit in the dead zone by the voltage of the power direction relay when the current cut-off used as an additional protection (see 3.2.101) is not installed for the reason, e.g. of its insufficient sensitivity. As a rule, the protection is installed only on those sides from where power can be supplied.

3.2.103. In short single lines with two-way power supply when it is required under the condition of quick response, it is permitted to use a longitudinal differential protection as the main protection. In addition, the length of the cable specifically installed for such protection must not exceed 4 km. Special devices should be installed to monitor the serviceability of the protection wires. In addition to the longitudinal differential protection, one of the protections according to 3.2.102 must be used as a redundancy protection.

3.2.104. In parallel lines with power supply from two or more sides as well as at the feed end of the parallel lines with one-way power supply, the same protections as for single lines may be used (see 3.2.101 and 3.2.102).

In order to speed up the clearance of a fault, particularly, when the current stage protections or stage protections of current and voltage are used, a protection with power direction control in the parallel line can be used additionally in the lines with two-way power supply. Such protection can be implemented as a separate transversal current directional protection or only as a circuit of acceleration of the installed protections (maximum current and remote ones) with control of power direction in the parallel line.

As a rule, at the receiving end of two parallel lines with one-way power supply, a transversal differential directional protection must be used.

3.2.105. If the protection according to 3.2.104 does not comply with the requirements (see 3.2.108), and the protection with control of power direction in the parallel line is not acceptable or desirable, a transversal differential directional protection should be used as the main protection (during operation of two parallel lines) in two parallel lines with two-way power supply and at the feed end of two parallel lines with one-way power supply.

In addition, a stage protection as per 3.2.101 and 3.2.102 should be used during operation of one line and as a redundancy one in case of operation of two lines. It is allowed to switch such protection or some of its stages for the amount of currents of both lines (e.g. the redundancy protection with the purpose of increase of its sensitivity to faults of adjacent elements). It is also allowed to use a transversal differential directional protection in addition to the stage current protections to decrease the break time of a failure in the protected lines, if under the condition of quick response its installation is not mandatory (see 3.2.108).

In specific cases, it is allowed to use the longitudinal protection in short parallel lines (see 3.2.103).

PROTECTION OF OVERHEAD LINES OF THE MAINS WITH VOLTAGE OF 110-500 kV WITH AN EFFECTIVELY GROUNDED NEUTRAL 

3.2.106. In lines of the mains of 110-500 kV with an effectively grounded neutral, relay protection devices against multiphase short circuits and ground short circuits must be installed.

3.2.107. Protections must be equipped with devices blocking their operation during swinging if swinging or asynchronous conditions are possible in the mains causing unnecessary operation of the protection. It is allowed to implement the protection without blocking devices if it is time graded against swinging (approximately 1.5-2 s).

3.2.108. In lines of 330 kV or higher a protection operating immediately in case of short circuits in any point of a protected section must be installed as the main protection.

In lines with voltage of 110-220 kV the issue about the type of the main protection, including the necessity of using the protection, operating immediately in case of short circuits in any point of a protected element, must be firstly resolved taking into account the requirement of maintenance of stability of operation of an energy system. In this case if other more rigid requirements are not applied under the estimation of stability of operation of the energy system, generally, the requirement given above may be accepted as satisfactory when three-phase short circuits at which residual voltage in the buses of electrical generating plants and substations is less than 0.6-0.7 Urated, are cleared without a time lag. A smaller value of residual voltage (0.6 Urated) can be permitted for lines of 110 kV,  less critical lines of 220 kV (in highly branched mains where power to consumers is securely provided from several sides) and also for more critical lines of 220 kV when short circuit does not cause a significant load shedding.

When choosing a type of protections installed in lines of 110-220 kV, in addition to the maintenance of stability of operation of the energy system, the followings must be taken into consideration:

1. In lines of 110 kV and higher, running from atomic power stations, and also on all elements of the adjacent mains, where in case of multiphase short circuits the residual voltage of directional sequence on the high-voltage end of the units of atomic power stations can reduce to more than to 0.45 of the nominal voltage, a redundancy of quick response protections with a time lag not exceeding 1.5 s, including the operation of the circuit-breaker failure protection device should be installed.

2. Failures, the clearance of which with a time lag can cause a disruption of operation of important consumers, must be cleared without a time lag (e.g. failures at which residual voltage on the buses of electrical generating plants is less than 0.6 Urated if their clearance can cause self-unloading resulted from a voltage collapse or failures with a residual voltage of 0.6 Urated or higher if their clearance with a time lag can cause a disruption of the technology).

3. If quick-operating three-phase automatic reclosing is required, a quick response protection must be installed in the line, providing tripping of the faulty line without a time lag on both ends.

4. In case of tripping with a time lag of the failures with currents exceeding the rated current several times, unacceptable overheating of conductors can occur.

It is allowed to use quick response protections in complex mains when the conditions given above do not exist, provided this is required for provision of selectivity.

3.2.109. On the basis of the values of residual voltage according to 3.2.108, for estimation of the requirements of stability the followings should be observed:

1. For a single connection between electrical generating plants or energy systems specified in 3.2.108, the residual voltage must be checked on the buses of substations and electrical generating plants included in this connection in case of short circuit in the lines, running from these buses, except for the lines making the connection; for the single connection containing a part of sections with parallel lines – also in case of short circuit in each of these parallel lines.

2. In case of several connections between electrical generating plants or energy systems specified in 3.2.108, the residual voltage must be checked on the buses of only those substations or electrical generating plants where these connections are linked, in case of short circuit in other lines fed from these buses as well as in the lines fed from  the buses of the substations of the connections.
3. A residual voltage must be checked in case of short circuit at the end of the zone covered by the first stage of the protection in the mode of sequential tripping of failures, i.e. after tripping the breaker from the opposite end of the line with a protection without a time lag.

3.2.110. In single lines with one-way power supply against multiphase short circuits, stage current protections or stage current and voltage protections should be implemented. If such protections do not comply with the requirements of sensitivity or quick clearance of faults (see 3.2.108), e.g. in the main sections or if it is expedient according to the condition of matching of adjacent sections with the protection of the particular section, a stage remote protection must be installed. In the event of the latter, it is recommended to install a current cut-off without a time lag as an additional protection.

As a rule, a stage current directional or non-directional protection with zero sequence must be installed against ground short circuits. As a rule, the protection must be installed only on those sides from where power can be supplied.

In lines consisting of several sequential sections, for the purpose of simplification, it is allowed to use non-selective stage current and voltage protections (against multiphase short circuits) and stage current protections with zero sequence (against ground short circuits) in combination with an alternating automatic recloser.

3.2.111. In single lines with power supply from two or more sides (for the latter, in lines with tappings) with/without bypass connections and also, in lines included in the ring mains with one power supply point, a remote protection (mostly three-stage), used as the redundancy or main protection (in the event of the latter only in lines of 110-220 kV), must be installed against multiphase short circuits.

It is recommended to install a current cut-off without a time lag as an additional protection. In specific cases it is allowed to use a current cut-off for operation in the event of erroneous switching in the three-phase jumper in the point of installation of the protection when the current cut-off, designed for operation in other modes, does not comply with the requirements of sensitivity (see 3.2.26).

As a rule, a stage current directional or non-directional protection with zero sequence must be implemented against ground short circuits.

3.2.112. It is recommended to install a one-stage current directional protection as the main protection against multiphase short circuits at the receiving end of the main sections of the ring mains with one power supply point; in other single lines (mostly of 110 kV), in specific cases it is allowed to use stage current protections or stage current and voltage protection, implementing them as directional ones if required. As a rule, the protection should be installed only on those sides from where power can be supplied.

3.2.113. In parallel lines with power supply from two or more sides and also, at the feed end of the parallel lines with one-way power supply, the same protections as for single lines should be used (see 3.2.110 and 3.2.111).

In order to speed up the clearance of ground short circuits and in specific cases short circuits between the phases in the lines with two-way power supply, an additional protection with control of power direction in the parallel line can be used. This protection can be implemented as a separate transversal current protection (switching the relay for the current of zero sequence or for phase currents) or only as a circuit of acceleration of the installed protections (current zero sequence, maximum current, distance, etc.) with control of power direction in the parallel lines.

With the purpose of increasing the sensitivity of the protection with zero sequence, it is allowed to foresee disabling of its separate stages if the breaker of the parallel line opens.

As a rule, at the receiving end of the parallel lines with one-way power supply, a transversal differential directional protection must be installed.

3.2.114. If the protection according to 3.2.113 does not comply with the requirements of quick response (see 3.2.108), a transversal differential directional protection can be used as the main protection (two parallel lines are operational) at the feed end of two parallel lines of 110-220 kV with one-way power supply and in two parallel lines of 110 kV with two-way power supply predominantly in distribution mains.

In this case the protection according to 3.2.110 and 3.2.111 is used in the mode of operation of one line as well as a redundancy one in case of operation of two lines. It is allowed to switch such protection or some of its stages for the amount of currents of both lines (for instance, the last stage of the current protection with zero sequence) with the purpose of increasing its sensitivity to failures of adjacent elements.

It is allowed to use a transversal differential directional protection in addition to the stage current protections of parallel lines of 110 kV to decrease the break time of failure in the protected lines if under the requirements of the quick response (see  3.2.108), its use is not mandatory.

3.2.115. If the protection according to 3.2.111-3.2.113 does not comply with the requirement of quick response (see 3.2.108), high-frequency and longitudinal protections should be installed as the main protections of single and parallel lines with two-way power supply.

In lines of 110-220 kV it is recommended to implement the main protection with high-frequency blocking of the distance and current directional zero sequence protection, if this is expedient under the condition of sensitivity (for instance, in lines with tappings) or for simplification of the protection.

In case of necessity to lay a special cable, the use of the longitudinal differential protection must be confirmed by a technical-economic calculation.

Special devices should be installed to monitor the working order of additional protection wires.

In lines of 330-350 kV, in addition to the high-frequency protection a device of transfer of a tripping or enabling high-frequency signal should be installed (to speed up the operation of the stage redundancy protection) if such device is designed for other purposes. It is allowed to install the above-mentioned device in lines of 500 kV specifically for the relay protection.

In cases when it is required under the conditions of quick response (see 3.2.108) or sensitivity (for example, in lines with tappings), it is allowed to use the transfer of a tripping signal to speed up the operation of the stage protections in lines of 110-220 kV.

3.2.116. While implementing the main protection according to 3.2.115, the following should be used as redundancy protection:

as a rule, remote protections, mainly three-stage, from multiphase short circuits;

stage current directional or non-directional protections with zero sequence against ground short circuits.

In the event of long disabling of the main protection specified in 3.2.115, when this protection was installed under the condition of quick clearance of a fault (see 3.2.108), it is allowed to provide non-selective increase of the redundancy protection against short circuits between the phases (e.g. with control of the voltage of direct sequence).

3.2.117. Main protections, quick-response stages of redundancy protections against multiphase short circuits and measuring elements of a one-phase automatic recloser for lines of 330-350 kV must be of special construction ensuring their normal performance (with set-up parameters) in the conditions of intensive transient electromagnetic processes and significant capacitive susceptance of the lines. To this end the followings must be provided:

in sets of protections and measuring elements of one-phase automatic reslosers – measures limiting the influence of transient electro-magnetic processes (e.g. low-frequency filters);

in differential phase high-frequency protection installed in lines longer than 150 km – devices of compensation of currents resulted from capacitive susceptance of the line.

In case of switching on of quick response protections for the amount of currents of two or more current transformers if it is not possible to observe the requirements of 3.2.29, it is recommended to provide special arrangements for prevention of excess protection operation in case of external failures (e.g. desensitisation of the protections) or to install a separate set of current transformers for feeding the protection in the mains.

In the protections installed in lines of 330-500 kV equipped with devices of longitudinal capacitive compensation, arrangements for prevention of excess protection operation in case of external failures resulted from any influence of the above devices must be provided. E.g. power direction relays of reverse sequence or transfer of disabling signal can be used.

3.2.118. In case of use of one-phase automatic recloser, the relay protection devices must be performed so that:

1) in case of ground short circuit of one phase, and, in some instances, in case of short circuits between phases, only one phase can be tripped (with its subsequent automatic reclosing);

2) in case of unsuccessful reclosing for failures, specified in clause 1, one phase or tree phases can be tripped, depending on whether long open-phase operating conditions of the line are foreseen or not;

3) in case of other types of failures, the protection can trip three phases.

PROTECTION OF BUSES, PROTECTION ON BYPASS, BUSBAR AND SECTIONALISING BREAKERS 

3.2.119. For collecting buses of electrical generating plants and substations of 110 kV or higher, separate relay protection devices should be installed:

1) for two systems of buses (double busbar system, breaker and a half scheme, etc.) and single sectionalised system of buses;

2) for a single non-sectionalised system of buses if clearance of failures in the buses by the operation of protections of attached elements is not acceptable according to the conditions which are similar to those given in 3.2.108 or if the lines feeding the above buses contain tappings.

3.2.120. For collecting buses of electrical generating plants and substations of 35 kV, separate relay protection devices should be installed:

according to the requirements of 3.2.108;

for two systems or sections of buses in case of use of the protection for their separation, installed in the bar coupler (sectionalised) or protections, installed in the elements feeding such buses, when the requirements of reliability of power supply to consumers are not met (including the possibilities provided by automatic reclosers and automatic transfer switches).

3.2.121. As a rule, a differential current protection without a time lag, covering all elements connected to the system or section of buses, should be installed as a protection of collecting buses of electrical generating plants and substations of 35 kV and higher. The protection must be implemented using special current relays graded from the transient and steady unbalance currents (e.g. relays switched via saturable current transformers, restraint relays).

In case of connection of a transformer (autotransformer) of 330 kV or higher via more than one breaker, it is recommended to install differential current protection of bus arrangements.

3.2.122. For a double busbar system of electrical generating plants and substations of 35 kV and higher with one breaker for the connecting element, the differential protection must be designed for specified distribution of the elements.

For the protections of buses of 110 kV and higher, it is necessary to foresee the possibility of changing of clamping when the connection is transferred from one system of buses to another in the rows of terminals.

3.2.123. The differential protection specified in 3.2.121 and 3.2.122 must be implemented with a device for monitoring working condition on secondary circuits of the activated current transformers with a time lag, tripping the protection and alarm operating.

3.2.124. For sectionalised buses of 6-10 kV of electrical generating plants, a two-stage partial differential protection should be installed, the first stage of which is implemented as a current cut-off for current and voltage or remote protection, and the second protection as a maximum current protection. The protection must trip the feeding elements and service transformer.

If with the above-mentioned implementation of the second stage of the protection, the required sensitivity is not provided in case of short circuit at the end of reactive load lines (load on buses of the generating voltage is high, breakers of the feeding lines are behind the reactors), it should be implemented as separate sets of maximum current protections with/without voltage supply installed in the circuits of reactors. The action of tripping of feeding elements of such sets must be monitored by an additional device operated in case of short circuit. In addition, the sectionalised breaker must contain a protection (designed for removal of failures between the reactor and the breaker) enabled when this breaker is off. If a part of feeding elements are allocated for the redundancy system, a partial differential protection of buses must be designed for fixed distribution of the elements.

In case of frequent modes of operation when the feeding elements are separated for different systems of buses, it is allowed to install separate distance protections for all feeding elements, except for generators.

3.2.125. For sectionalised buses of 6-10 kV of electrical generating plants with generators of a capacity of 12 MW or less, it is allowed not to use a special protection. In addition, a short circuit in the buses must be cleared with the operation of the maximum current protections of the generators.

3.2.126. As a rule, special devices of relay protection for single sectionalised and double busbar systems of 6-10 kV of step-down transformers should not be installed. Short circuits in the buses must be cleared with the operation of protection of transformers against external short circuits and the protections installed on the sectionalised breaker or busbar coupler. With the purpose of increasing the sensitivity and quick response of the protection of buses of heavy duty substations, it is allowed to use the protection switched for the amount of currents of feeding elements. If reactors are available in the lines, running from the buses of substations, it is allowed to implement the protection of buses similar to the protection of buses of the electrical generating plants.

3.2.127. If current transformers are built in the breakers, for the differential protection of buses and the protection of connections, running from such buses, current transformers located on different sides of the breaker must be used so that failures of the breaker are within the zones of operation of such protections.

If the breakers do not have built-in current transformers, for cost effectiveness remote current transformers should be installed only on one side of the breaker so that, if possible, they can be within the zones of operation of the differential protection of the buses. In addition, the protection of double busbar system with fixed distribution of the elements should be implemented so that two current transformer cores can be used in the circuit of the busbar coupler.

In case of use of separate remote protections in the capacity of protection of buses, current transformers of these protections in the circuit of sectionalised breaker must be installed between the section of the buses and the reactor.

3.2.128. Protection of the buses should be implemented so that when testing a faulty system or section of buses, the system/section without a time lag could be tripped selectively.

3.2.129. In a bypass switch of 110 kV or higher in case of availability of a busbar (sectionalised) coupler, protections (used for testing and repairing of protection, breaker and current transformer of any of the elements, connected to the buses) must be installed;

tree-stage remote protection and current cut-off against multiphase short circuits;

four-stage current directional protection with zero sequence against ground short circuits.

In addition, the busbar coupler (sectionalised breaker) must contain the protections (used for separation of systems or sections of the buses if a circuit-breaker failure protection device is unavailable or the protection of buses is disabled as well as for the increase of efficiency of remote redundancy):

two-stage current protection against multiphase short circuits;

three-stage current protection with zero sequence against ground short circuits.

It is allowed to install more complex protections in the busbar coupler (sectionalised breaker) if this is required for increasing the efficiency of remote redundancy.

In the busbar coupler (sectionalised breaker) of 110 kV and higher designed for performance of the functions of the bypass switch the same protections as for the bypass switch and busbar coupler (sectionalised breaker) must be installed separately.

It is recommended to switch the main quick response protections of lines of 110 kV and higher to the bypass switch.

In busbar coupler (sectionalised breaker) of 3-35 kV, a two-section current protection against multiphase short circuits must be installed.

3.2.130. A separate protection panel designed for specific use instead of the monitored protection of the line should be provided in case of the circuits of electrical connections where a bypass switch is unavailable (e.g. mesh circuit, breaker and a half scheme, etc.); such a separate panel of protection should be provided for lines of 220 V without a separate main protection; for lines of 330-500 kV.

It is permitted to install a separate panel of the protection for lines of 110 kV having no separate main protection in case of electrical connection circuits “bridge” with breakers in the circuits of the lines and mesh circuit if when checking the line it is impossible to clear its defects with simpler means according to requirements.

PROTECTION OF SYNCHRONOUS COMPENSATORS
3.2.131. Relay protection devices of synchronous compensators should be implemented similar to those provided for turbine-driven generators of relevant capacities with the following distinctions:

1. An alarm operated protection of currents, caused by symmetrical overload, should be switched for the start-up if its operation is possible in such mode.

2. It is necessary to provide a minimum protection of voltage, tripping the breaker of the synchronous compensator. The voltage of the protection operation must be equal to 0.1-0.2 Urated, time lag - approximately 10 s.

3. A protection operating in case of short power failure of a substation (e.g. in dead-time of an automatic recloser of the feed line) should be installed. The protection must be implemented as a minimum protection of frequency and trip the breaker of the synchronous compensator or field suppressor. It is allowed to use a protection arranged according to other guidelines, e.g. responding to the speed of frequency reduction.

4. In synchronous compensators of a capacity of 50 MV·A Reactive and higher, it is necessary to install a protection against loss of excitation (reduction of current excitation is lower than the permissible level) tripping the synchronous compensator or alarm operating. For synchronous compensators where it is possible to transfer to the mode of operation with a negative current of the rotor, this protection may not be used.

5. For synchronous compensator operating in the unit with transformer in case of ground short circuit in the stator winding, the protection installed on the low-voltage side of the transformer must operate.

If ground short circuit on the low-voltage side of the transformer exceeds 5 A, it is allowed not to install a ground-fault neutraliser and implement the protection with two time lags; with a smaller time lag the breaker of the synchronous compensator should trip, and with a bigger time lag alarm should be operated.

If ground short circuit is up to 5 A, the protection must be implemented with one time lag and alarm operating. For synchronous compensators of a capacity of 50 MV·A Reactive and higher the possibility of alarm operation or tripping must be implemented.

3.2.132. In substations without constant attendance of staff the protection against overloads of a synchronous compensator must be implemented with an independent time lag and operate with a less time lag for alarm and reduction of excitation current, and with a bigger time lag for tripping the synchronous compensator (if prevention of long overloads is not ensured by the devices of automatic control of excitation).

3.2.133. The ground short circuit protection in the excitation circuit of the synchronous compensator must be implemented as for hydrogenerators (see 3.2.85).

Chapter 3.3

AUTOMATIC EQUIPMENT AND TELEMECHANICS
SCOPE. GENERAL REQUIREMENTS

3.3.1. The present chapter of the Code covers automatic and telemechanical devices of electric generating plants, energy systems, mains and power supplies of industrial and electrical installations designed for implementation of:
1) automatic reclosing of lines or the phases of lines, buses and other electrical installations after their automatic de-energization; 

2) automatic transfer switch of backup power and equipment;

3) switching of synchronous generators and synchronous compensators to parallel operation;

4) control of excitation, voltage and reactive power;

5) control of frequency and active power;

6) prevention of loss of stability;

7) interruption of asynchronous conditions;

8) restriction of frequency reduction;

9) restriction of frequency increase;

10) restriction of voltage reduction;

11) restriction of voltage increase;

12) prevention of equipment overload;

13) supervisory monitoring and control. 

The functions of devices as per 4-11 are determined entirely and partially by conditions of operation of the whole energy system. These devices must be designed and operated by appropriate energy enterprises, energy associations or by coordination with them.

Automatic control devices not covered by the present Chapter and regulated by other documents can be installed in energy systems and at energy facilities. The operation of these devices may be coordinated with each other as well as with the operation of the devices and systems considered in this chapter.

In the electric mains of enterprises consuming electric energy automatic devices which, where possible, do not allow the breakdown of the most essential technological processes during short term interruptions of power supply caused by operation of protections and automatics in the main of internal and external power supplies (see also 5.3.52, 5.3.53 and 5.3.58), must be used. 

AUTOMATIC RECLOSING

3.3.2. Automatic reclosers must be used for quick restoration of power supply to consumers or connection between systems and inside systems by dint of automatic closure of breakers opened by relay protection devices. 

Automatic reclosing must be implemented for:

1) overhead and combined (cable and overhead) lines of all types with voltage higher than 1 kV. Refusal to use automatic reclosers must be justified in every specific case. It is recommended to use automatic reclosers for cable lines of 35 kV and less when they can be effective due to a significant possibility of damage with formation of a free-burning arc (e.g. availability of several intermediate assemblies, feeding of several substations through one line) as well as with the purpose of correction of nonselective operation of protection. The matter of use of automatic reclosers on cable lines of 110 kV and higher must be settled during projection in every separate case taking into account specific conditions;

2) electric generating plant and substation buses (see 3.3.24 and 3.3.25);

3) transformers (see 3.3.26);

4) essential electrical motors tripped for self-starting of other electrical motors (see 3.3.38).

To implement automatic reclosing as per clauses 1-3 automatic reclosers must be used on bypass, busbar couplers and sectionalizing breakers.

With a view to use less equipment it is allowed to implement group automatic reclosers on lines, in the first instance, the cable reclosers, and other connections of 6-10 kV. In this case the shortcomings of group automatic reclosers (e.g. a possibility of failure in case if after the tripout of the breaker of one of the connections, the breaker of another connection trips before the automatic recloser resets) should be taken into account.
3.3.3. Automatic reclosers must be implemented so they don’t operate at:

1) tripout of a breaker by the staff by remote control or by dint of telecontrol;  

2) automatic tripping from the relay protection directly after switching-on by the staff by remote control or by dint of telecontrol;

3) tripout of a breaker by the protection against internal damages of transformers and rotating machines, devices of emergency control schemes as well as in other cases of breaker tripouts when use of automatic reclosers is not allowed. After operation of underfrequency load shedding (frequency automatic reclosers) automatic reclosing must be implemented in accordance with 3.3.81.

Automatic reclosers must be implemented so that a possibility of multiple fault close-in at any failure in the device circuit would be excluded. 

Automatic reclosers must be implemented with automatic reset.

3.3.4. As a rule, when using automatic reclosers the speedup of relay protection operation must be envisaged in the event of unsuccessful automatic reclosing. The speedup of relay protection operation after unsuccessful automatic reclosing is implemented by dint of a speedup device after closure of the breaker, which, as a rule, must be used also in case of closure of the breaker for other reasons (with a control key, telecontrol or an automatic transfer switch). When speeding up protection after closure of the breaker measures must be taken to prevent possible tripout of the breaker by the protection under the effect of current inrush during closure due to non-simultaneous breaker phase switching-on.
The protection should not be speeded up after closure of the breaker when the line is already energized by its other breaker (i.e. when symmetrical voltage is available in the line). 

It is allowed not to speed up after automatic reclosing operation of protection lines of 35 kV and less using alternative operating current if it requires a significant sophistication of protections and the time of their operation in case of metal short circuit near the place of installation does not exceed 1.5 s. 

3.3.5. Three-phase automatic reclosers must be implemented mainly with start-up at mismatching between the earlier given operative command and opened position of the breaker; the start-up of automatic recloser from the protection device is also allowed.

3.3.6. As a rule, three-phase automatic reclosers of single and double operation can be used (the latter – if it is allowed under the conditions of the breaker operation).  It is recommended to use three-phase automatic reclosers of double action for overhead lines, especially for single lines with single-end feed. In mains of 35 kV and less it is recommended to use three-phase automatic reclosers of double operation, in the first instance, for lines without redundancy in the main.

As a rule, in mains with an insulated or compensated neutral blocking of the second cycle of automatic reclosing in case of a ground short circuit after automatic reclosing of the first cycle (e.g. as per availability of zero sequence voltage) must be used. The time lag of three-phase automatic reclosers in the second cycle must not be less than 15-20 s.

3.3.7. To speed up the restoration of the normal mode of power transmission, the time lag of a three-phase automatic recloser (especially for the first cycle of the double operation automatic recloser in the lines with single-end feed) must be assumed as minimum as possible taking into account the time of arc extinction and deionization of the environment at the place of damage as well as considering the readiness time of the breaker and its driver for reclosing.

The time lag of a three-phase automatic recloser in the line with two-way feed must also be chosen taking intro account possible non-simultaneous isolation of the damage on both ends of the line; in this case the time of operation of protections designed for remote redundancy must not be considered. It is allowed not to take into account the time difference of breaker tripout on the ends of a line when they trip as a result of high frequency protection operation.

In order to increase the efficiency of a three-phase automatic recloser of single operation it is allowed to increase its time lag (taking into account operation of a consumer, where possible).

3.3.8. On single lines of 110 kV and higher with single-end feed, which in case of unsuccessful three-phase automatic reclosing may switch to long term operation with two phases, three-phase automatic reclosers of double operation on the feeding end of the line should be used. Switching of a line for operation with two phases can be carried out by the staff in place or by dint of telecontrol.
For switching a line after unsuccessful automatic reclosure to operation with two phases multiphase control by disconnecting links or breakers should be implemented on feeding and receiving ends of the line.

When switching a line to long term operation with two phases, where possible, measures should be taken to reduce interference in the operation of communication lines due to the open-phase operating mode of the line. For this purpose it is allowed to limit the power transmitted through the line in the open-phase operating conditions (if it is possible under the conditions of consumer operation).
In specific cases, if special justification is available an interruption of communication line operation is allowed for a period of the open-phase operating conditions.

3.3.9. On the lines which isolation does not cause electrical communication disturbance between generating sources, e.g. on parallel lines with single-end feed, three-phase automatic reclosers should be installed without synchronism check.

3.3.10. On single lines with two-way feed (without shunting links) one of the following types of three-phase automatic reclosers (or their combination) must be implemented:

a) quick-operating three-phase automatic recloser; 

b) non-synchronous three-phase automatic recloser;

c) three-phase automatic recloser with synchronism capture. 

In addition, a one-phase automatic recloser in combination with other types of three-phase automatic reclosers can be implemented if breakers are fitted with multiphase control and the stability of parallel operation of an energy system parts in one-phase automatic reclosing cycle is not compromised.
Types of automatic reclosers are selected on the basis of specific conditions of operation of the system and equipment with provisions of 3.3.11-3.3.15 taken into account. 

3.3.11. It is recommended to implement quick-operating three-phase automatic reclosers (simultaneous closure with minimum time lag on both ends) on the lines as per 3.3.10 for automatic reclosing, as a rule, at small angle deviation between the vectors of electromotance of connected systems. Quick-operating three-phase automatic reclosers can be used with breakers designed for quick-operating three-phase automatic reclosers implementation, if after closing the synchronous parallel operation of systems continues and maximum electromagnetic torque of synchronous generators and compensators is less (with the required reserve taken into account) than electromagnetic torque occurring at three-phase short circuit on the machine leads.
Evaluation of maximum electromagnetic torque must be carried out for maximum possible angle deviation during quick-operating three-phase automatic reclosing. Accordingly, the startup of a quick-operating three-phase automatic recloser must take place upon operation of quick-operating protection which area of operation covers all the line. The quick-operating three-phase automatic recloser must be blocked upon operation of redundancy protection or lag during operation of a circuit-breaker failure protection device.

If retention of stability of an energy system upon unsuccessful quick-operating three-phase automatic reclosing requires a large amount of impact from emergency control schemes, the use of quick-operating three-phase automatic reclosers is not recommended.

3.3.12. Non-synchronous three-phase automatic recloser can be used on the lines as per 3.3.10 (mainly on 110-220 kV lines) if: 

a) maximum electromagnetic torque of synchronous generators and compensators occurring during synchronous switching-on is less (with the required reserve taken into account) than electromagnetic torque occurring at three-phase short circuit on the machine leads; in this case design initial values of the stator current components at a making angle of 180( is assumed as the practical criteria for evaluation of the possibility of use of non-synchronous three-phase automatic reclosers.

b) maximum current through a transformer (autotransformer) at a making angle of 180( is less than short circuit current on its leads provided power is supplied from infinite buses;

c) after automatic reclosing adequately quick resynchronization is ensured; if continuous asynchronous condition may occur as a result of non-synchronous three-phase automatic reclosing, special measures must be taken for its prevention or interruption. 

If theses conditions are complied with, non-synchronous three-phase automatic reclosing can be used in the mode of repair on parallel lines.

When carrying out non-synchronous three-phase automatic reclosing it is necessary to take measures to prevent excessive operation of protection. To this effect it is recommended, in particular, to close breakers during non-synchronous three-phase automatic reclosing in a certain order, e.g. by dint of automatic reclosing on one of the sides of the line with monitoring the availability of voltage on it after successful three-phase automatic reclosing on the opposite side.

3.3.13. An automatic recloser with synchronism capture can be used on lines as per 3.3.10 for switching on of the line at significant (approximately up to 4%) slides and a permissible angle.

It is also possible to implement the following automatic reclosing. On the end of the line, which is to be energized the first, quick-operating three-phase automatic reclosing is carried out (with fixing of operation of quick-operating protection which area of operation covers the whole line) without monitoring voltage on the line or three-phase automatic reclosing with monitoring unavailability of voltage on the line, and on the other end - three-phase automatic reclosing with synchronism capture. The latter is carried out provided that the energizing of the first end was successful (it can be determined, e.g. by dint of monitoring the availability of voltage on the line).

To capture synchronism the devices developed on the principle of a synchronizer with constant lead angle may be used.

Automatic reclosers should be implemented in a way to make it possible to change the order of priority of breaker closing on the ends of the line.
When implementing automatic reclosers with synchronism capture it is necessary to aim at ensuring its operation at maximum frequency difference. When using automatic reclosers with synchronism capture, the maximum permissible making angle must be assumed taking into account the conditions presented in 3.3.12. When using automatic reclosers with synchronism capture it is recommended to energize the line by the staff (semi-automatic synchronization).
3.3.14. On the lines equipped with voltage transformers, for monitoring unavailability of voltage and monitoring the availability of voltage on the line with different types of three-phase automatic reclosers, it is recommended to use the elements responding to the line (phase) voltage and to the voltage of reverse and zero sequences. In certain cases, e.g. on lines without shunt reactors, zero sequence voltage may not be used.

3.3.15. One-phase automatic reclosing can be used only in mains with big ground short circuit current. One-phase automatic reclosing without automatic switching of a line to long-term open-phase operating conditions at stable damage of a phase should be used:

a) on single heavily loaded intersystem and intrasystem power transmission lines;
b) on heavily loaded intersystem lines of 220 kV and higher with two and more bypass links provided the disconnection of one of them may compromise the dynamic stability of the energy system;

c) on intersystem and intrasystem lines of different classes of voltage if three-phase isolation of the high-voltage line may cause inadmissible overload of the low-voltage line with possible compromising of the energy system stability;
d) on lines connecting to the system of large electric generating plants consisting of units without significant local load;

e) on power transmission lines where implementation of three-phase automatic reclosing is related with significant load shedding as a result of voltage reduction.

One-phase automatic recloser must be implemented so that upon its deactivating or power interruption the protections of the line are automatically switched to isolation of three phases independent of the device.
Selection of damaged phases in case of ground short circuit must be carried out by dint of selective elements which can be also used as additional quick-operating protection of the line in the cycle of one-phase automatic reclosing, at three-phase automatic reclosing, quick-operating three-phase automatic reclosing and one-way energizing of the line by the operating staff.

The time lag of one-phase automatic reclosing must be tuned out from the time of arc extinction and deionization of environment at the place of one-phase short circuit in open-phase operating conditions taking into account the possibility of non-simultaneous operation of protection on the line ends as well as cascade operation of selective elements.

3.3.16. On the lines as per 3.3.15 one-phase automatic reclosing must be used in combination with different types of three-phase automatic reclosing. In this case inhibition of three-phase automatic reclosing in all cases of one-phase automatic reclosing or only at unsuccessful one-phase automatic reclosing must be allowed. Depending on specific conditions, it is allowed to implement three-phase automatic reclosing after unsuccessful one-phase automatic reclosing. In these cases a three-phase automatic recloser must operate first on one end of the line with monitoring unavailability of voltage on the line and with increased time lag.

3.3.17. On single lines with two-way feed connecting the system with a small capacity electric generating plant three-phase automatic reclosers with automatic self-synchronizing of hydrogenerators for hydroelectric power stations can be used and three-phase automatic reclosers in combination with splitting systems can be used for hydroelectric power stations and thermal power stations.

3.3.18. On lines with two-way feed with several bypass links the followings should be used:

1) provided two links are available as well as three links, if there is a possibility of simultaneous long-term disconnection of two of these links (e.g. two-circuit line):
non-synchronous automatic recloser (mainly for lines of 110-220 kV and provided the conditions presented in 3.3.12 are observed, but only for the case of disconnection of all links);
Automatic reclosing with synchronism check (if it is impossible to implement a non-synchronous automatic recloser due to the reasons presented in 3.3.12, but for the case of disconnection of all links).

For essential lines with two links available as well as with three links available two of which is a two-circuit line, if it is impossible to implement a non-synchronous automatic recloser due to the reasons presented in 3.3.12, it is permitted to use one-phase automatic reclosers, quick-operating automatic reclosers and automatic reclosers with synchronism capture (see 3.3.11, 3.3.13, 3.3.15). In these cases one-phase automatic reclosers, quick-operating three-phase automatic reclosers should be supplemented by automatic recloser with synchronism check;

2) if four and more links are available as well as three links provided in the latter case simultaneous disconnection of two of these links is unlikely (e.g. all the lines are one-circuit lines) - automatic reclosing without synchronism check.
3.3.19. Automatic reclosers with synchronism check should be implemented on one end of the line with monitoring unavailability of voltage on the line and with monitoring the availability of synchronism, and on the other end - only with monitoring the availability of synchronism. The circuits of an automatic recloser with synchronism check must be the same at both ends taking into account the possibility of change in priority order of breaker closing during automatic reclosing.

It is recommended to use an automatic recloser with synchronism check to check synchronism of connected systems during energizing of the line by the staff.
3.3.20. Common use of several types of three-phase automatic reclosers is allowed on the line, e.g. quick-operating automatic reclosers and three-phase automatic reclosers with synchronism check. It is also allowed to use different types of automatic reclosers on different ends of the line, e.g., a fast three-phase automatic recloser without voltage monitoring (3.3.13) on one end of the line and a three-phase automatic recloser with monitoring the availability of voltage and synchronism on the other end.

3.3.21. It is allowed to combine three-phase automatic reclosers with non-selective quick response protections for correction of non-selective operation of the latter. In mains consisting of a number of lines connected in series, when using non-selective quick response protections for correction of their operation, it is recommended to use sequential automatic reclosing; automatic reclosers with protection speeding up to automatic reclosing or with operation ratio (not more than three) increasing towards a power supply can also be used.

3.3.22. When using three-phase single automatic reclosing of lines feeding transformers on the high voltage side of which short-circuiting switches and isolating switches are installed, for opening of the isolating switch to dead time, the time of operation of an automatic recloser must be tuned away from the total time of closing of the short-circuiting switch and opening of the isolating switch. When using double operation three-phase automatic reclosing (see 3.3.6) the time of operation of the automatic recloser during the first cycle as per specified condition must not increase, if opening of the isolating switch is envisaged to the dead time of the automatic reclosing second cycle.
For lines on which isolating switches are installed instead of breakers, opening of isolating switches in case of unsuccessful automatic reclosing during the first cycle must be carried out to the dead time of the automatic reclosing second cycle.
3.3.23. If as a result of operation of an automatic recloser non-synchronous making of synchronous compensators or synchronous electrical motors is possible, and if such a making is not admissible for them, as well as to prevent refeeding from these machines, automatic de-energizing of these synchronous machines upon interruption of power or switch them to asynchronous conditions by opening the field suppressor with subsequent automatic reclosing or resynchronization after voltage recovery resulting from successful automatic reclosing should be implemented.

For substations with synchronous compensators or synchronous electrical motors measures must be implemented to prevent excessive activation of under frequency load shedding during operation of an automatic recloser.
3.3.24. Automatic reclosure of buses of electric generating plants and substations having a special protection for buses and breakers allowing automatic reclosing must be implemented as per one of two options:
1) by automatic testing (energizing of buses by a breaker from the automatic reclosers of one of the feeding elements);

2) by automatic setting-up; in this case the first one to be energized by the automatic recloser will be one of the feeding elements (e.g. a line, a transformer), upon successful switching on of this element, the following, probably more complete restoration of the prefault mode circuit by dint of closing of other elements is carried out. It is recommended to implement this option of automatic reclosing of the buses in the first instance for substations without permanent attendance of staff.
When implementing automatic reclosure of buses measures must be taken to prevent non-synchronous making (if it is not admissible).

Sufficient sensitivity of the protection of buses must be implemented for cases of unsuccessful automatic reclosure.

3.3.25. As a rule, on twin-transformer step-down substations during separate operation of transformers automatic reclosers of low and middle voltage buses in combination with automatic transfer switches must be implemented; upon internal damage of transformers the automatic transfer switch must operate and the automatic recloser must activate upon other damages (see 3.3.42).

For a twin-transformer substation with parallel operation of transformers on buses of this voltage in the normal mode, in addition to an automatic recloser, it is allowed to install an automatic transfer switch designed for the conditions with one of the transformers in standby mode.

3.3.26. Automatic reclosers must be installed on all single step-down transformers with capacity of more than 1 MW·А on substations of energy systems fitted with a breaker and maximum current protection at the feeder end if switching off of the transformer leads to de-energizing of consumer electrical installations. In specific cases automatic reclosing is also allowed upon switching off of a transformer by protection against internal damages.

3.3.27. Upon unsuccessful automatic reclosing activated by the first breaker of an element connected through two or more breakers, automatic reclosing of other breakers of this element, as a rule, must be disabled.

3.3.28. When at substations or electric generating plants there are breakers with an electromagnetic drive, if two or more breakers can be simultaneously closed by an automatic recloser, in order to maintain the necessary voltage level of a battery during switching-on and to reduce the section of cables of electromagnetic power circuits, automatic reclosing, as a rule, should be implemented in a way to prevent simultaneous closure of several breakers (e.g. by using automatic reclosers with different time lags on connections).

In specific cases (mainly with voltage of 110 kV and large number of connections fitted with automatic reclosers) simultaneous switching on is allowed by automatic reclosers of two breakers.

3.3.29. Operation of automatic reclosers must be registered by indicating relays, actuation indicators incorporated in relays, counters of the number of actuations and other devices of the similar purpose.

AUTOMATIC SWITCHING-ON OF BACKUP POWER AND EQUIPMENT (AUTOMATIC TRANSFER SWITCH)

3.3.30. Automatic transfer switches must be used for restoration of power supply to consumers by dint of automatic connection of a backup power supply upon disconnection of the operating power supply leading to de-energizing of consumer electrical installations. Automatic transfer switches must be also used for automatic switching on of backup equipment upon switching off of operating equipment leading to disturbance of normal process conditions. 

It is also recommended to implement automatic transfer switches if their use allows to simplify relay protection, reduce short circuit currents and lower the cost of equipment at the expense of replacement of ring networks by radial-sectionalized networks, etc.

Automatic transfer switches can be installed on transformers, lines, sectionalizing switches, busbar couplers, electrical motors, etc.

3.3.31. As a rule, an automatic transfer switch must be able to operate upon loss of voltage on buses of a fed element caused by any reason including a short circuit on theses buses (the latter, if automatic reclosing of buses is not available, see also 3.3.42).

3.3.32. Upon opening of the operating power supply breaker the automatic transfer switch must, as a rule, close the breaker of the backup power supply without additional time lag (see also 3.3.41). In this case, the device must operate once.
3.3.33. In order allow operation of an automatic transfer switch upon de-energizing of the fed element due to loss of voltage at the end of the operating power supply as well as upon opening of the breaker on the receiving end (e.g. for cases when the relay protection of the operating element responds only to opening of breakers at the end of power supply) in addition to the provisions of 3.3.32, the circuit of the automatic transfer switch must include a voltage starting element. Upon loss of voltage on the fed element and at availability of voltage at the end of the backup power supply specified starting element must respond with the time lag to opening of the breaker of the operating power supply from the receiving end. The voltage starting element of an automatic transfer switch must not be used if the operating and backup elements have one power supply.

3.3.34. For transformers and short lines in order to speed up operation of an automatic transfer switch it is expedient to implement tripping relay protection both for a breaker on the power end and a breaker on the receiving end. With the same purpose, in the most essential cases (e.g. on auxiliaries of electric generating plants) upon opening of a breaker due to any reason only on the side of the power supply, the breaker on the receiving side must be immediately opened via a blocking circuit.
3.3.35. The minimum element of an automatic transfer switch voltage starting element responding to the loss of voltage of an operating power supply must be tuned away from the mode of self-starting of electrical motors and reduction of voltage during distant short circuits. The voltage of operation of a voltage monitoring element on buses of the backup power supply of an automatic transfer switch starting element must be selected, where possible, on the basis of the condition of self-starting of electrical motors. Time of operation of an automatic transfer switch starting element must exceed the time of clearance of external short circuits at which the reduction of voltage causes operation of the element of the voltage starting element, and, as a rule, must exceed the time of operation of an automatic recloser on the side of the power supply.
The minimum element of an automatic transfer switch voltage starting element, as a rule, must be implemented in a way to exclude its false operation upon blowing of one of the fuses of the voltage transformer on the side of winding of low or high voltage; if the low voltage winding is protected by a circuit breaker, upon its opening the operation of the starting element must be blocked. It is allowed not to take into account this requirement while installing automatic transfer switches in distribution mains of 6-10 kV, if it requires special installation of a voltage transformer.

3.3.36. If the time of operation of an automatic transfer switch responding to voltage may be inadmissibly long (e.g. if the load includes a significant part of synchronous electrical motors), in addition to the voltage starting element it is recommended to use starting elements of other types (e.g. responding to current loss, frequency reduction, change of power direction, etc). 

In case of use of a frequency starting element, the latter must operate with a time lag for tripping the breaker of the operating power supply upon reduction of frequency on the side of the operating power supply to the preset value and at normal frequency on the side of the backup power supply.
If there is a process need, the automatic transfer switch of the equipment may be triggered by different special sensors (pressure, level etc.).

3.3.37. The scheme of the automatic transfer switch of power supplies for auxiliaries of an electric generating plant after switching on of a backup power supply instead of one of the switching off operating power supplies must keep a possibility of operation upon switching off of other operating power supplies.

3.3.38. When implementing automatic transfer switches, the conditions of overload of a backup power supply and self-starting of electrical motors should be checked, and if there is an excessive overload or self-starting is not possible, carry out unloading upon operation of automatic transfer switches (e.g. disconnection of non essential, and, in some cases, a part of essential electrical motors; for the latter it is recommended to use automatic reclosers.

3.3.39. When implementing an automatic transfer switch, inadmissibility of its operation for connection of consumers disconnected by underfrequency load shedding devices must be taken into account. To this effect special measures must be taken (e.g. frequency blocking ); in specific cases, if it is specially grounded that such measures are impossible, it is allowed not to use automatic transfer switches. 

3.3.40. Upon operation of an automatic transfer switch, when closure of the breaker is possible due to a short circuit, as a rule, speed-up of protection operation of this breaker must be allowed (see also 3.3.4). In this case measures must be taken to prevent disconnection of the backup power supply through the circuit of protection speed-up due to making current surges.

To this effect, protection speed-up must be implemented on the breakers of backup power supplies for auxiliaries of an electric generating plant only when a time lag exceeds 1-1.2 s; in this case the speed-up circuit must have a time lag of about 0.5 s. For other electrical installations the time lag values are assumed based on specific conditions.

3.3.41. If as a result of operation of an automatic transfer switch non-synchronous making of synchronous compensators or synchronous electrical motors is possible and it is not admissible for them, as well as to prevent refeeding of these machines, these synchronous machines should be automatically de-energized upon interruption of power or switched to asynchronous conditions by opening the field suppressor with subsequent automatic reclosing or resynchronization after voltage recovery resulting from successful operation of the automatic transfer switch.

To prevent switching on of a backup power supply from an automatic transfer switch until switching off of synchronous machines, it is allowed to implement slowing of the automatic transfer switch operation. If the latter is not admissible for the rest of load, it is allowed with a special rationale available to disconnect from the automatic transfer switch starting element the line connecting the buses of the operating power supply with the load which includes synchronous electrical motors.

For substations with synchronous compensators or synchronous electrical motors measures must be implemented to prevent incorrect operation of underfrequency load shedding during operation of an automatic transfer switch (see 3.3.79).

3.3.42. To prevent switching on of a backup power supply due to a short circuit with unobvious reserve, to prevent its overloading, facilitate self-starting as well as to restore by the simplest means of the normal scheme of an electrical installation after emergency shutdown and operation of an automatic device, it is recommended to use a combination of automatic transfer switches and automatic reclosers. Automatic transfer switches must operate during internal damages of an operating power supply, and automatic reclosers must activate during other failures.

As a rule, after successful operation of an automatic recloser or automatic transfer switch maximum complete automatic restoration of the prefault conditions must be allowed (e.g. for substations with simplified circuits of electrical connections on the side of high voltage – tripout of a sectionalizing breaker closed during operation of the automatic transfer switch on the side of low voltage after successful automatic reclosing of the feeding line).

GENERATOR SWITCHING-ON

3.3.43. Switching-on of generators for parallel operation must be carried out by one of the following methods: by ideal synchronization (manual, semi-automatic and automatic) and self-synchronization (manual, semi-automatic and automatic).

3.3.44. Method of automatic and semi-automatic self-synchronization as the main method of switching-on for parallel operation in the normal mode must be used for:

turbine-driven generators with indirect cooling of windings with a capacity of more than 3 MW operating directly to collecting buses of generating voltage and at a periodic component of transient current more than 3.5 Irated;

turbine-driven generators with direct cooling of windings of the types ТВВ, ТВФ, ТГВ and ТВМ;

hydrogenerators with a capacity of 500 MW and more.

Under emergency conditions in an electric system switching-on of all generators to parallel operation regardless of the system of cooling and capacity may be carried out by the method of self-synchronization.

3.3.45. Method of self-synchronization can be used as the main method for switching-on to parallel operation for:

turbine-driven generators with a capacity up to 3 MW;

turbine-driven generators with indirect cooling with a capacity of more than 3 MW operating directly to collecting buses, if the periodic component of transient current upon connection to the main by the method of self-synchronization does not exceed 3.5 Irated;

turbine-driven generators with indirect cooling operating as one unit with transformers;

hydrogenerators with a capacity up to 50 MW;

hydrogenerators electrically rigidly connected with each other and operating via a common breaker with their total capacity up to 50 MW.

For indicated cases devices of semi-automatic and automatic ideal synchronization may not be used.

3.3.46. When using the method of self-synchronization as the main method of switching-on of generators for parallel operation installation on hydrogenerators of devices of automatic self-synchronization and devices of manual or semi-automatic self-synchronization on turbine-driven generators should be envisaged.

3.3.47. When using the method of ideal self-synchronization as the main method of switching-on of generators to parallel operation, as a rule, installation of automatic and semi-automatic devices of ideal self-synchronization should be envisage. For generators with a capacity up to 15 MW it is allowed to use manual ideal self-synchronization with blocking from non-synchronous making.

3.3.48. In accordance with the above-mentioned provisions all generators must be fitted with appropriate devices of synchronization located in the central control unit or in the local control center for hydroelectric power stations, and on the main control panels for thermal power stations.

Regardless of implemented method of synchronization, all generators must be fitted with devices allowing, if required, to carry out manual ideal synchronization with blocking from non-synchronous making.

3.3.49. Upon connection to the main by the method of ideal synchronization of two or more hydrogenerators operating via one breaker, the generators are synchronized with each other by the method of self-synchronization and synchronized with the main by the method of ideal synchronization in advance.

3.3.50. On transit substations of the main network and electric generating plants, where synchronization of separate parts of electrical system is required, devices for semi-automatic and manual ideal synchronization must be used.

AUTOMATIC CONTROL OF EXCITATION, VOLTAGE 

AND REACTIVE POWER 

3.3.51. Devices of automatic control of excitation, voltage and reactive power are designed for:

maintenance of voltage in an electrical system and electrical appliances as per given characteristics during normal operation of an electric energy system;

distribution of reactive load between reactive power sources as per specified law; 

increase of static and dynamic stability of electrical systems and oscillation damping in transient modes.

3.3.52. Synchronous machines (generators, compensators, electrical motors) must be fitted with automatic controllers of excitation. Automatic controllers of excitation must comply with the requirements of GOST for excitation systems and specifications for excitation system equipment.

For generators and synchronous compensators with a capacity of less than 2.5 MW, except for generators of electric generating plants operating separately or as a part of an energy system of small capacity, it is allowed to use only relay field forcing devices. Synchronous electrical motors must be fitted with automatic controllers of excitation in accordance with 5.3.12 and 5.3.13.

3.3.53. A high reliability of power supply of automatic controllers of excitation and other devices of an excitation system from voltage transformers as well as a high reliability of appropriate circuits must be provided.

When connecting automatic controllers of excitation to a voltage transformer having fuses on the input end:

automatic controllers of excitation and other devices of the excitation system which loss of power may cause overload or inadmissible reduction of excitation of a machine must be connected to their secondary leads without fuses and circuit breakers;

a relay field forcing device must be implemented in a way to prevent its false operation upon blowing of one of the fuses on the input end of the voltage transformer.

When connecting automatic controllers of excitation to a voltage transformer without fuses on the input end:

automatic controllers of excitation and other devices of the excitation system must be connected to their secondary leads via circuit breakers;

measures must be taken to use auxiliary contacts of a circuit breaker preventing overload or inadmissible reduction of excitation of a machine in case of opening of a circuit breaker.

As a rule, other devices and instruments must not be connected to voltage transformers connected to automatic controllers of excitation and other devices of the excitation system. In specific cases, it is allowed to connect these devices and instruments via separate circuit breakers or fuses.

3.3.54. Automatic controllers of excitation of hydrogenerators must be implemented so that in case of load shedding with working speed control unit, operation of the protection due to increase of voltage is excluded. If required, an automatic controller of excitation can be supplemented by a relay device of fast deexcitation.

3.3.55. Circuit of a relay field forcing device must allow transfer of its operation to the redundancy exciter during replacement of the main exciter.

3.3.56. Devices of excitation compounding must be connected to current transformers on the lead side of a generator or synchronous compensator (on the bus side).

3.3.57. For synchronous generators and compensators with direct cooling, generators with a capacity of 15 MW and more and compensators with a capacity of 15 MV·A Reactive and more of electric generating plants and substations without permanent attendance of staff, automatic limitation of overload with a time lag depending on overload ratio must be implemented in control panel room.

Until the beginning of large-scale manufacture of automatic limitation overload devices with depending time lag it is allowed to install devices of limitation with independent characteristics in terms of time for machines with a capacity of 200 MW (MV·A Reactive).

Automatic limitation overload devices must not impede field forcing during a period of time allowed for appropriate version of the machine.

3.3.58. For generators with a capacity of 100 MW and more and compensators with a capacity of 100 MV·A Reactive and more quick-operating systems of excitation with automatic controllers of excitation of strong effect should be installed.

In specific cases determined by conditions of operation for an electric generating plant in an energy system it is allowed to install automatic controllers of excitation of another type as well as slow-operating systems of excitation.

3.3.59. A system of excitation and automatic controllers of excitation must ensure a stable regulation within the limits of minimum and maximum permissible values of excitation current. For synchronous compensators with a non-reversible system of excitation regulation must ensured starting from the value of the rotor current virtually equal to zero and from the maximum permissible values of negative excitation current for compensators with a reversible system of excitation.

Current compensation of loss of voltage in a transformer must be made possible for machines operating as one unit with transformers.

3.3.60. Generators with a capacity of 2.5 MW and more of hydroelectric power stations and thermal power stations with four and more units must fitted with the station process control systems or (if they are not available) with the systems of group control of excitation. On the generators of thermal power stations it is recommended to implement these systems depending on the scheme, mode and capacity of an electric generating plant. 

3.3.61. For maintenance or specified variation of voltage, transformers with voltage regulation under load of distribution substations and auxiliaries of electric generating plants as well as linear controllers of distribution substations must be fitted with a system of automatic control of transformation ratio. If required, automatic controllers must provide built-in voltage regulation. 

Substations with parallel operation of transformers (autotransformers) with automatic control of transformation ratio must be fitted with a process control system, common for the substation, or a system of group regulation preventing occurrence of inadmissible compensating currents between the transformers.

3.3.62. Capacitor installations must be equipped with devices of automatic regulation in accordance with chapter 5.6.

AUTOMATIC FREQUENCY AND ACTIVE POWER CONTROL

3.3.63. The systems of automatic frequency and active power control are designed for:

maintenance of frequency in power pool systems and separate energy systems in normal modes according to requirements of GOST for electric energy quality;

control of interchange powers of power pool systems and limitation of power flow on controlled external and internal links of power pool systems and energy systems;

power distribution (including the economic distribution) between control facilities on all levels of dispatch control (between integrated power systems of the UES of Russia, energy systems within interconnected power systems, electric generating plants within energy systems and units or power generation trains within the limits of electric generating plants).

3.3.64. At controlled electric generating plants systems of automatic frequency and active power control must ensure (if the required control range is available) the maintenance of average frequency deviation from the preset value within the limits of ±0.1 Hz within ten minute intervals and limitation of power flow on controlled links with suppression of amplitude of oscillations by not less than 70% of amplitude of oscillations of power flow with a period of 2 min and more.

3.3.65. A system of automatic frequency and active power control must include:

devices of automatic control of frequency, interchange power and limitation of power flow at control centers of the UES of Russia and interconnected power systems;

distribution devices of control responses from higher-level systems of automatic frequency and active power control between controlled electric generating plants and devices of flow limitation on controlled internal links at control centers of energy systems; 

devices of active power control at electric generating plants involved in automatic control of power;

sensors of active power flow and telemechanical means.

3.3.66. Devices of automatic frequency and active power control at control centers must allow to reveal deviations of actual mode of operation from standard conditions, formation and transmission of control responses for lower level control centers and for electric generating plants involved in automatic control of power.

3.3.67. Devices of automatic control of power of electric generating plants must allow:

reception and conversion of control responses coming from higher level control centers and formation of control responses on the level of control of electric generating plants;

formation of control responses for separate units (power generation units);

maintenance of power of units (power generation units) in accordance with received control responses.

3.3.68. Power control of electric generating plants must be carried out with frequency constant-error response varying within the limits from 3 to 6%.

3.3.69. At hydroelectric power stations the systems of power control must have automatic devices allowing startup and shutdown of units, and also, if required, switching of units to the modes of a synchronous compensator or generator depending on conditions and mode of operation of an electric generating plant and energy system with available limitations of unit operation taken into account.

It is recommended to fit hydroelectric power stations which power is regulated by water stream with automatic water stream power controllers.

3.3.70. Devices of automatic frequency and active power control must allow operational change of setting parameters upon the change of operation of controlled members; they must be fitted with alarm elements, blocking and protection devices, preventing their incorrect operation during disturbances of the normal mode of operation of control facilities, failure of devices themselves as well as excluding actions that can impede functioning of the devices of the emergency control scheme.

At thermal power plants the devices of automatic frequency and active power control must be fitted with elements preventing changes of process parameters above permissible limits which are caused by the impact of these devices on units (power generation units).

3.3.71. Telemechanical means must allow input of information on flow in controlled links intersystems and intrasystems, transmission of control responses and signals from the devices of automatic frequency and active power control to control facilities as well as transmission of necessary information to a higher level of control.

The total value of signals in telemechanical means and the devices of automatic frequency and active power control must not exceed 5 s.

AUTOMATIC PREVENTION OF LOSS OF STABILITY

3.3.72. Devices of automatic prevention of loss of energy systems’ stability must be used depending on specific conditions where it is technically and economically expedient for maintenance of dynamic stability and provision of static stability in postemergency modes.

Devices of automatic prevention of loss of stability can be used in cases of:

a) disconnection of a line without disturbance as well as with disturbance resulting from one-phase short circuits during operation of the main protection and one-phase automatic reclosing under possible conditions of increased loads of power transmission and repair circuits of the main; it is also allowed to use automatic devices in case of these disturbances in normal schemes and modes of an energy system if the loss of stability resulting from failure of automatics may not cause the loss of a significant part of an energy system load (e.g. due to operation of underfrequency load shedding);

b) disconnection of lines as a result of multiphase short circuits during operation of the main protection in normal and repair circuits of the main; it is allowed not to take the rarest modes of increased loads of power transmission into account;

c) failure of a breaker with operation of a circuit-breaker failure protection device upon a short circuit in the normal mode of operation of an energy system and in the normal scheme of a main operation;

d) complete division of an energy system into parts of power transmission operating out of synchronization in the normal mode;

e) significant emergency shortage or excess of power in one of the connected parts of a power pool system;

f) operation of quick-operating three-phase automatic reclosers and automatic reclosers in the normal scheme and mode. 

3.3.73. Devices of automatic prevention of loss of stability may have an effect on:

a) switching off of a part of generators of hydroelectric power stations and as an exception – generators or units of thermal power stations;

b) quick reduction or increase of load by steam turbines within the limits of possibilities of the thermal power equipment (without subsequent automatic restoration of previous load);

c) disconnection (in exceptional cases) of a part of consumers’ load not vulnerable to short term interruption of power supply (special automatic load shedding);

d) separation of energy systems (if the above mentioned measures are not sufficient);

e) short term quick reduction of steam turbine loads (with subsequent automatic restoration of previous load).

Devices of automatic prevention of loss of stability can change the mode of operation of devices of longitudinal and transversal capacitive compensation and other equipment of power transmission, e.g. shunt reactors, automatic controllers of excitation of generators etc. It is advisable to limit the reduction of active power of electric generating plants upon failures as per 3.3.72, clauses a and b, by the volume and mainly by cases when it does not lead to operation of underfrequency load shedding in an energy system or other unfavourable aftermaths.

3.3.74. Intensity of control responses trigged by the devices of automatic prevention of loss of stability (e.g. power of switched off generators, depth of turbine unloading) must be determined by the intensity of disturbing influence (e.g. dropping of transmitted active power upon occurrence of a short circuit and duration of the latter) or transient process registered automatically as well as by the severity of reset conditions registered also automatically, or in exceptional cases, by the staff.

AUTOMATIC INTERRUPTION OF ASYNCHRONOUS CONDITIONS

3.3.75. For interruption of asynchronous conditions in case of its occurrence automatic devices differentiating asynchronous conditions from synchronous oscillations, short circuits or other abnormal modes of operation generally must be used.

Where possible specified devices should be implemented so that in the first instance they contribute to measures directed to ease resynchronization conditions for instance:

quick increase of load of turbines or partial disconnection of consumers (in the part of the energy system where power shortage occurred);

reduction of generating capacity by dint of influence on a turbine speed control unit or cutoff of a part of generators (in the part of the energy system where power excess occurred).

Automatic separation of an energy system at set points is triggered after occurrence of asynchronous conditions if the above-mentioned measures do not cause resynchronization after the completion of a set cycle of oscillations or if the duration of asynchronous conditions exceeds the prescribed limit.

In cases of inadmissibility of asynchronous conditions, hazard or little efficiency of resynchronization for interruption of asynchronous conditions, it is necessary to use separation with the minimum time at which stability through other links and selective effect of automatics is allowed.

AUTOMATIC LIMITATION OF FREQUENCY REDUCTION 

3.3.76. Automatic limitation of frequency reduction must be implemented so that at any possible shortage of power in a power pool system, energy system, power center the possibility of reduction of frequency below 45 Hz is completely excluded, the time of operation with frequency less than 47 Hz does not exceed 20 s, and with frequency less than 48.5 Hz – 60 s. 

3.3.77. System of automatic limitation of frequency reduction carries out:

automatic switching-on of frequency redundancy;

underfrequency load shedding;

additional unloading;

energizing disconnected consumers upon restoration of frequency (frequency actuated automatic reclosing);

allocation of electric generating plants or generators with balanced load, allocation of generators for supply of power to the auxiliaries of electric generating plants.

3.3.78. Automatic switching-on of frequency redundancy must be used in the first instance to reduce, where possible, the volume of disconnection or the duration of interruption of supply to consumers, and it includes: 

mobilization of switched-on redundancy at thermal power plants;

automatic startup of redundant hydroelectric units;

automatic switching to the active mode of hydrogenerators operating in the mode of synchronous compensators; 

automatic startup of gas turbine installations.

3.3.79. Underfrequency load shedding is used for disconnection of consumers by small parts as frequency reduces (underfrequency load shedding I) or as the duration of existence of underfrequency increases (underfrequency load shedding II).

Devices of underfrequency load shedding must be installed, as a rule, at the substations of an energy system. It is allowed to install them directly at consumers under supervision of an energy system staff.

Volumes of load shedding are established based on provision of efficiency at any possible shortages of power; the order of priority of shedding is selected in a way to reduce the losses caused by power interruption, in particular, a greater number of underfrequency load shedding devices and queues must be used, more responsible consumers must be connected to more remote as per probability of operation queues.

Operation of underfrequency load shedding must be coordinated with the operation of automatic reclosers and automatic transfer switches. It is not allowed to reduce the volume of underfrequency load shedding at the expense of automatic transfer switches or the staff.

3.3.80. Devices of additional unloading must be used in the energy systems or parts of energy systems where especially big local shortages of power are possible at which the operation of underfrequency load shedding devices is not enough sufficient in terms of the value and the speed of unloading. 

The need to implement additional unloading, its volume, as well as factors causing its triggering (tripping of feeding elements, dropping of active power etc.) are determined by the energy system.

3.3.81. Frequency automatic reclosers are used to reduce the period of interruption of power supply to disconnected consumers under the conditions of restoration of frequency as a result of implementation of redundancy of generating power, resynchronization and synchronization upon interrupted transmission.

When installing devices and distributing loads into frequency automatic recloser queues the level of responsibility of consumers, possibility of their disconnection due to operation of underfrequency load shedding devices, complexity and duration of non-automatic restoration of power supply (based on the accepted procedure of facility servicing) should be taken into account. As a rule, the order of priority of the activation of load from frequency automatic reclosers must be reverse by comparison with that used for underfrequency load shedding.

3.3.82. Allocation of electric generating plants or generators with balanced load, allocation of generators for supply of power to the auxiliaries is used:

to keep the electric generating plant auxiliaries operational;

to prevent total shutdown of electric generating plants during failure or insufficient efficiency of limitation of frequency reduction devices according to 3.3.79 and 3.3.81;

to supply power to particularly responsible consumers;

instead of additional unloading when it is technically and economically expedient.

3.3.83. The need to use additional unloading, the volumes of deactivated (during underfrequency load shedding) or activated (during frequency actuated automatic reclosing) load, time, frequency and other controlled parameter set points for devices of limitation of frequency reduction are determined during operation of energy systems in accordance with the standard code operating rules and other guiding documents.

AUTOMATIC LIMITATION OF FREQUENCY INCREASE 

3.3.84. To prevent inadmissible increase of frequency at thermal power stations which may operate in parallel with hydroelectric power stations with significantly greater power under the conditions of load shedding, automatic devices operating at increase of frequency higher than 52-53 Hz must be used. In the first instance, these devices must respond to switching off of a part of hydroelectric power station generators. It is possible to use devices separating thermal power stations under load corresponding to their power, where possible, from hydroelectric power station.

In addition, in units of an energy system including only hydroelectric power stations devices limiting emergency increase of frequency with a value of 60 Hz at the expense of disconnection of a part of generators to allow normal operation of motive load, and in units including only thermal power stations – the devices limiting long term increase of frequency by the value at which the load of power generation trains does not exceed limits of their control range must be used.

AUTOMATIC LIMITATION OF VOLTAGE REDUCTION 

3.3.85. Devices of automatic limitation of voltage reduction must be used in order to exclude the loss of stability of load and occurrence of voltage collapse in postemergency modes of an energy system.

In addition to the voltage value, the above-mentioned devices can monitor other parameters including voltage derivative and have an impact on field forcing of synchronous machines, forcing of compensation devices, shutdown of reactors and, as an exception, provided measures in the main are not sufficient and rationale is available, on disconnection of consumers.

AUTOMATIC LIMITATION OF VOLTAGE INCREASE

3.3.86. In order to limit the duration of impact of increased voltage on the high-voltage equipment of power transmission lines, electric generating plants and substations caused by disconnection of the phases of lines automatic devices responding to increase of voltage higher than 110-130% of the rated voltage, if required, with monitoring the value and direction of active power on power transmission lines must be used.

These devices must operate with a lag of time taking into account permissible duration of overvoltages and tuned away from the duration of switching and atmospheric overvoltage and oscillations, in the first instance, to switch on shunt reactors (if the latter are available at electric generating plants and substations where increase of voltage is registered). If at electric generating plants and substations there are no shunt reactors with breakers, or closing of reactors does not lead to required reduction of voltage, devices must operate to disconnect the line causing the increase of voltage.

AUTOMATIC PREVENTION OF EQUIPMENT OVERLOAD

3.3.87. The devices of automatic prevention of equipment overload are designed for limitation of duration of current in lines, transformers, devices of longitudinal compensation, which exceeds the maximum permissible current and is allowed for less than 10-20 min.

The above-mentioned devices must have an impact on unloading of electric generating plants, they may impact on disconnection of consumers and separation of the system and as the last stage – on switching off of resetting equipment. In this case measures must be taken to prevent the loss of stability and other unfavorable aftermaths.

TELEMECHANICS 

3.3.88. Telemechanical means (telecontrol, telesignalization, telemetering and teleregulation) must be used for dispatch control of electrical installations located in different places and connected by the common mode of operation and their monitoring. The mandatory condition for use of telemechanical means is the availability of technical-economic expediency (increase of dispatch control efficiency, i.e. improvement of modes and production processes, speeding-up liquidation of disturbances and emergencies, increase of economic feasibility and reliability of operation of electrical installations, improvement of quality of generated energy, reduction of the number of maintenance staff and refusal from permanent attendance of the staff, decrease of the area of production premises, etc. 

Telemechanical means can be also used for transmission of signals of automatic frequency devices and active power control, emergency control scheme and other devices of regulation and control.

3.3.89. The amount of telemechanical means for electrical installations must be determined on the basis of industry and department regulations and specified together with the amount of automation equipment. In this case the telemechanical means must be used in the first instance for collection of information on operation modes, conditions of the main switching equipment, changes upon occurrence of emergency modes and conditions as well as supervision over execution of instructions on performance of switching (scheduled, repair, operational) or conduction of modes by the operating staff.

When determining the amount of telemechanical means for electrical installations without permanent attendance of the staff, the use of the simplest telesignalization (emergency and warning telesignalization for two or more signals) must be considered in the first instance.

3.3.90. Telecontrol must be used within the scope required for centralized solution of tasks on establishment of reliable and cost-effective modes of operation of electrical installations working in multibranch networks if these tasks can not be achieved by means of automatic devices.

Telecontrol must be used at facilities without permanent attendance of the staff; it is allowed to use it at facilities with permanent attendance of staff in the conditions of its frequent and efficient use.

For telecontrolled electrical installations the operations of telecontrol as well as protection and automatic devices must not require additional operative switching locally (with visits and calls of operating staff).

If the cost and cost-performance ratios are approximately equal, automation must be preferred to telecontrol.

3.3.91. Telesignalization must be used:

for displaying the positions and conditions of the main switching equipment of those electrical installations under direct control or supervision of control centers, which may have significant importance for the mode of operation of an energy supply system, at control centers;

for input of information in the computing engines or information-processing device;

for transmission of emergency and warning signals.

Telesignals from electrical installations under operational control of several control centers, as a rule, must be transmitted to a higher control center by dint of retransmission or selection from a lower control center. The system of information transmission, as a rule, must be implemented with not more than one stage of retransmission.

For telesignalization of the condition or position of electrical installation equipment, as a rule, an auxiliary contact or slave relay contact must be used as a sensor.

3.3.92. Telemetering must allow the transmission of the main electric or process parameters (characterizing the modes of operation of separate electrical installations) required for setting and monitoring optimal modes of operation of the whole energy supply system as well as for prevention and liquidation of possible emergency processes.

As a rule, telemetering of the most important parameters as well as parameters required for subsequent retransmission, summation or registration must be continuous.

The system of telemeasurements transmission to higher control centers, as a rule, must be implemented with not more than one stage of retransmission.

Telemetering of parameters not requiring permanent monitoring must be carried out at regular intervals or on call.

When carrying out telemetering, the necessity of local check of parameters at controlled points must be taken into account. The measuring transmitters (telemetering sensors) allowing local checks of indications, as a rule, must be installed instead of panel-mounted instruments provided the accuracy class of metering is observed (see also chapter 1.6).

3.3.93. The amount of telemechanical means for electrical installations, requirements to telemechanical devices and communication channels (teletransmission path) when using telemechanical devices for the purpose of teleregulation in terms of accuracy, reliability and information lag are specified by the design of automatic control of frequency and power flows within the integrated power systems. The telemetering of parameters required for automatic control of frequency and power flows must be continuous.

Teletransmission path used for measuring the power flows as well as for transmission of teleregulation signals to the main center or a group of regulating electric generating plants, as a rule, must have a duplicated channel of telemechanics consisting of two independent channels.

The telemechanical devices must include protections affecting the system of automatic control during different failures in the devices or channels of telemechanics.

3.3.94. In every specific case the expediency of common settlement of issues of the use of telemechanical devices (especially, when implementing channels of telemechanics and control centers) for the systems of power, gas, water, heat and air supply and street lighting, monitoring and control of production processes must be considered. 

3.3.95. For big substations and electric generating plants with a large number of generators and with significant distances from the plant room, step-up substation and other structures of an electric generating plant to the central control room, in-house telemechanical means must be used, if it is expedient from the technical point of view. The number of in-house telemechanical means must be determined in accordance with the requirements of process control of electric generating plants as well as with cost-performance ratios during specific projection.

3.3.96. In common use of different systems of telemechanics at one control center, operations performed by the dispatcher, as a rule, must be similar.

3.3.97. When using telemechanical devices local switching off must be allowed for:

simultaneously all circuits of telecontrol and telesignalization by dint of devices making, as a rule, a visible circuit break;

circuits of telecontrol and telesignalization of each facility by dint of special terminals, test blocks and other devices making a visible circuit break.

3.3.98. External links of telemecanical devices must be implemented in accordance with the requirements of chapter 3.4.

3.3.99. Electrical measuring converting devices (telemetering sensors), being stationary electrical measuring instruments, must be installed in accordance with chapter 1.6.

3.3.100. Wire (cable and overhead, shared and non shared) channels, high-frequency channels on high-voltage lines and distribution networks, radio and radio relay communication channels used both for other circuits and separate channels can be utilized as channels of telemechanics.

Selecting the method of implementation of telemechanical channels, the use of existing or implementation of separate channels and the necessity of redundancy must be based on technical-economic expediency and required reliability.

3.3.101. If the required reliability and data transmission validity are ensured, the followings are allowed for rational use of telemechanical equipment and communication channels:

1. Telemetering capacity of several parallel power transmission lines of the same voltage to be carried out as one telemetering of total capacity.

2. To use common devices for measurement of the same kind for telemetering on call at controlled points, and use common devices for measurements received from different controlled points at control points; in this case the possibility of simultaneous transmission or reception of measurements must be excluded.

3. To consider possibilities of their replacement by telesignalization of limit values of controlled parameters or by devices of alarm and registration of deviation of parameters from the prescribed allowance to reduce the amount of telemetering devices.

4. To use integrated devices of telemechanics for simultaneous transmission of continuous telemetering and telesignalization data.

5. The operation of one transmission device of telemechanics for several control centers as well as one device of telemechanics of a control center for several controlled points, in particular, for collection of information in city and village distribution mains.

6. Retransmission to the control center of enterprises of electric mains from control centers of sections of electrified railroads telesignalization and telemetering data from traction substations. 

3.3.102. Telemecanical devices (both the main and backup devices) at control centers and controlled points must be powered together with the equipment of the channel of communications and telemechanics.

The backup power of telemechanical devices at controlled points with alternative operating current must be implemented with backup power supplies (other sections of bus systems, spare inputs, batteries of communication channels, voltage transformers at inputs, takeoff from communication capacitors, etc.). If backup power supplies are not implemented for any other circuits, as a rule, backup power supplies must not be used for telemechanical devices. The backup power of telemechanical devices at controlled points with batteries of operating current must be supplied via converters. The backup power of telemechanical devices installed at controlled points of integrated power systems and enterprises of electric mains must be supplied from independent power supplies (batteries with converters of direct current into alternative current, a combustion engine-generator) together with the devices of the channel of communications and telemechanics.

Switching to operation from backup power supplies upon disruption of power supply from the main power sources must be automatic. The need to use backup power supplies at control centers of industrial enterprises must be determined on the basis of requirements of provision of a reliable power supply.

3.3.103. All telemechanical equipment and panels must be marked and installed at places easy for operation.

Chapter 3.4 

SECONDARY CIRCUITS

3.4.1. The present chapter of the Code covers secondary circuits (circuits of control, signaling, monitoring, automatics and relay protection) of electrical installations.

3.4.2. The operating voltage of secondary circuits of a connection, which has no links with other connections and which equipment is located separately from the equipment of other connections, must not exceed 1 kV.  In other cases the operating voltage of secondary circuits must not be more than 500 V.

Enclosures of connected devices must comply with the environment conditions and safety requirements.

3.4.3. At electric generating plants and substations control cables with aluminum cores of semihard aluminum should be used for secondary circuits. Control cables with copper cores should be used only for secondary circuits of:

1) electric generating plants with generators with a capacity of more than 100 MW; in this case at electric generating plants control cables with aluminum cores should be used for secondary switching and lighting of chemical water treatment facilities, treatment works, engineering and amenity and auxiliary facilities, mechanical workshops and startup boiler houses;

2) switchgears and substations with high voltage of 330 kV and higher as well as switchgears and substations included in intersystem transit power transmission lines;

3) differential protections of buses and circuit-breaker failure protection devices of 110-220 kV, as well as the means of system emergency control scheme;

4) process protections of thermal power stations;

5) with operating voltage of less than 60 V with the diameter of cores of cables and wires up to 1 mm (see also 3.4.4);
6) located in explosion hazard areas of classes B-I and B-Ia of electric generating plants and substations.

At industrial enterprises control cables with aluminum-copper and aluminum cores of semihard aluminum should be used for secondary circuits. Control cables with copper cores should be used only for secondary circuits located in explosion hazard areas of classes B-I and B-Ia, for secondary circuits of blast-furnace and converter plant machinery, the main line of blooming and high-production continuous rolling mills, electrical appliances of the special group of category I, as well as for secondary circuits with operating voltages of not more than 60 V with the diameter of cores of cables and wires up to 1 mm (see also 3.4.4).
3.4.4. As per the mechanical strength condition:

1) the cores of control cables for screw joining to terminals of panels and devices must have sections of not less than 1.5 mm2 (and when using special terminals – not less than 1.0 mm2) for copper and 2.5 mm2 for aluminum; for current circuits - 2.5 mm2 for copper and 4 mm2 for aluminum; for non essential secondary circuits, monitoring and signal circuits it is allowed to use screw connections of cables with copper cores of a section of 1 mm2;

2) in circuits with operating voltage of 100 V and higher the section of copper cores of cables joined by brazing must be at least 0.5 mm2;

3) in circuits with operating voltage of 60 V and less the diameter of copper cores of cables joined by brazing must not be less than 0.5 mm2; In communication, telemechanical and similar devices the line circuits should be connected to terminals with screws. 

One-wire cores may be connected (by a screw or brazing) only to fixed elements of the equipment. Connections to movable and drawout elements of the equipment (inserted connectors, drawout blocks etc.) as well as to panels and devices exposed to vibration should be made with flexible (stranded) cores.

3.4.5. The section of cores of cables and wires must meet the requirements of their protection from short circuits without time lag permissible for sustained currents according to chapter 1.3, heat resistance (for circuits going from current transformers) as well as allow the operation of devices within the required accuracy class.  In this case the following conditions must be observed:

1. The current transformers together with electrical circuits must operate within the accuracy class:

for sale meters - as per chapter 1.5;

for power measuring transmitters used for input of information in the computing devices – as per chapter 1.5, as for technical counters; 

for panel-mounted instruments and measuring transmitters of current and power used for all types of measurements – not less than accuracy class 3;

for protection, as a rule, within the limits of 10% error (see also chapter 3.2.).

2. For voltage circuits the loss of voltage from voltage transformers provided all protections and devices are switched on must make up:

to sale meters and measuring transmitters of power used for input of information in the computing devices – not more than 0.5%;

to sale meters of intersystem power transmission lines – not more than 0.25%;

to technical counters – not more than 1.5%;

to panel-mounted instruments  and power sensors used for all types of measurements – not more than 1.5%;

to panels of protection and automatics – not more than 3% (see also chapter 3.2.).

With common power supply to the above-mentioned loads through common cores their section must be chosen according to the minimum permissible standard of voltage loss.

3. For circuits of operating current the loss of voltage from a power supply must make up:

to the panel of a device or control electromagnets without forcing – not more than 10% at the maximum load current; 

to control electromagnets with triple or higher forcing – not more than 25% at forcing value of current. 

4. For voltage circuits of automatic controllers of excitation the loss of voltage from a voltage transformer to measuring element must not exceed 1%.

3.4.6. In one control cable it is allowed to combine the circuits of control, measuring, protection and signaling of direct and alternative currents as well as power circuits feeding electrical appliances of small capacity (e.g. electrical motors of valves).

In order to prevent inductive resistance of cable cores, the wiring of secondary circuits of current and voltage transformers must be implemented so that the sum of currents of these circuits in each cable is equal to zero in any mode. 

It is allowed to use common cables for circuits of different connections, except for circuits under mutual redundancy.

3.4.7. The cables, as a rule, should be connected to terminal blocks. Connection of two copper cores of a cable by one screw is not recommended, and two aluminum cores are not allowed.

Direct connection of cables to measuring transformer or separate devices leads is allowed.

The construction of terminals must correspond to the material and section of cable cores.

3.4.8. Joining of control cables with the purpose of their length increase is allowed if the route length exceeds the factory length of the cable. Cables with a metal sheath should be joined with installation of sealed couplers.

Cables with non-metallic sheath or aluminum cores should be connected on intermediate rows of terminals or by dint of special couplers designed for this type of cables. 

3.4.9. The cables of secondary circuits, cores of cables and wires connected to terminal blocks or devices must be marked.

3.4.10. The types of wires and cables for secondary circuits, methods of their laying and protection should be chosen taking into account requirements of chapters 2.1-2.3 and 3.1 to the extent they were not changed by the present chapter. When installing wires and cables on hot surfaces or at places where insulation may be exposed to impact of oil and other aggressive environments, special wires and cables should be used (see chapter 2.1).

The wires and cores of a cable with light-fugitive insulation must be protected from the impact of light. 

3.4.11. The cables of secondary circuits of transformers with voltage of 110 kV and higher installed from a voltage transformer to the board must have a metal sheath or an armor grounded on both sides. Cables in the circuits of main or backing windings of one transformer with voltage of 110 kV and higher must be installed close to each other along the whole length of the route. For circuits of instruments and devices sensitive to leakage from other devices or circuits installed nearby, screened wires as well as control cables with the common screen or cables with screened cores must be used. 

3.4.12. Direct and alternative current circuits within switch devices (panels, consoles, cabinets, boxes, etc.) as well as internal link circuits of breaker drivers, disconnecting links and other devices in terms of mechanical strength must be implemented with wires and cables with copper cores of a section of not more than:

for one-wire core joined by screw clamps - 1.5 mm2;

for one-wire core joined by brazing - 0.5 mm2;

for stranded cores, joined by brazing or screws with special caps – 0.35 mm2; if it is technically justified, it is allowed to use wires with stranded copper cores joined by brazing with a section of less than 0.35 mm2, but not less than 0.2 mm2;

for cores joined by brazing in circuits with voltage of not more than 60 V (instrument boards and consoles, devices of telemechanics etc.) – 0.197 mm2 (diameter – not less than 0.5 mm).

One-wire cores can be joined (by a screw of brazing) only to fixed elements of the equipment. Connections to movable and drawout elements of the equipment (detachable connections, drawout blocks etc.) should be made with flexible (stranded) cores.

Mechanical loads on places of brazing are not allowed.

For lines to device doors stranded wires with a section of not less than 0.5 mm2 must be used; it is allowed to use wires with one-wire cores with a section of not less than 1.5 mm2, provided that the wire harness works only to torsion.

The section of wires in switch rooms and other factory-made devices are determined by the requirements of their protection from short circuits without time lag, permissible current loads according to chapter 1.3, and for circuits outgoing from current transformers, in addition, by heat resistance. Wires and cables with insulation not sustaining combustion should be used for assembling.

Use of wires and cables with aluminum cores for internal wiring of switchgears is not allowed.

3.4.13. Connections of devices with each other within one panel should be implemented, as a rule, directly without bringing out connecting wires to intermediate terminals.  

Circuits with included testing and checking devices and instruments must be brought out to terminals or test blocks. It is also recommended to bring out circuits which switching is required for change of a device mode operation to a row of terminals. 

3.4.14. Intermediate terminals should be installed only at places where:

a wire is connected to a cable;

similar circuits (terminal blocks of de-energizing circuits, voltage circuits etc.) are connected; 

switching on of portable testing and measuring devices is required, if test blocks or similar devices are not available;

several cables make one cable or circuits of different cables are redistributed (see also 3.4.8).

3.4.15. Terminals belonging to different connections or devices must be implemented as separate terminal blocks.

Terminals which accidental closing can cause closing or opening of connections or short circuits in operating current circuits or excitation circuits must not be located close to each other.

When installing the equipment which belongs to different types of protections or different devices of one connection on a panel (in a cabinet), power supply from poles of operating current via terminal blocks as well as wiring of these circuits on the panel must be implemented separately for each type of protections or devices. If in circuits isolating separate sets of protection joint plates are not used, connection of these circuits to output protection relay or circuits isolating a breaker should be made through separate terminals of terminal blocks; in this case connection on the panel of specified circuits should be implemented separately for each type of protection.

3.4.16. Test blocks or measuring terminals allowing (except for cases specified in 3.4.7) isolation from a source of operating current, voltage and current transformers with possible short-circuiting of current circuits, connection of testing devices for checking and alignment of devices without disconnecting wires and cables should be used for performance of operational checks and tests in circuits of protection and automatics.

Devices of relay protections and automatics, disabled at regular intervals as per requirements of the network mode, selectivity conditions or other reasons, must be fitted with special gears for their disabling by the operating staff.

3.4.17. Terminal blocks, auxiliary contacts of breakers and disconnecting links and devices must be installed, and grounding leads implemented so to provide access and safety of maintenance of blocks and devices of secondary circuits without removal of voltage from primary circuits with voltage higher than 1 kV. 

3.4.18. Insulation of the equipment used in secondary circuits must comply with the standards in accordance with the operating voltage of a power supply (or an isolating transformer) feeding these circuits.

Monitoring insulation of operating direct and alternative current circuits should be used at every independent power supply (including isolating transformers) without grounding. 

Insulation monitoring device must trigger the transmission of signal upon decrease of insulation lower than permissible value, and at direct current – measurement of the value of pole insulation resistance as well.  It is allowed not to monitor insulation for a single-path circuit of operating current.

3.4.19. Supply of operating current to the secondary circuits of each connection should be carried out through separate fuses or circuit breakers (the use of the latter is preferable).

Supply of operating current to circuits of relay protections and circuits of control of breakers of each connections, as a rule, must be implemented through circuit breakers or fuses not connected with other circuits (signaling, electromagnetic blocking etc.). It is allowed to implement common power supply for circuits of control and signaling lamps of a controlled device position.

For connections of 220 kV and higher as well as for generators (units) of a capacity of 60 MW and more, separate power supply of operating current (from different fuses, circuit breakers) of the main and backup protections there must be used.

When circuit breakers and fuses are connected in series, the latter must be installed upstream of a circuit breaker (on the side of a power supply).

3.4.20. Devices of relay protection, automatics and control of essential elements must have devices of permanent monitoring supply of operating current to circuits. Monitoring can be carried out with the use of separate relays or lamps, or by dint of devices envisaged for monitoring working condition of a circuit of the next operation of switching devices with remote control.

For less essential devices monitoring power supply can be carried out by sending signals on disconnected position of a circuit breaker in the operating current circuit. 

Monitoring of working condition of a circuit of the next operation must be performed if the latter includes the auxiliary contact of a switching device. In this case monitoring of working condition of the deenergizing circuit must be carried out in all cases, and monitoring of working condition of the energizing circuit– on breakers of essential elements, short-circuiting switches and devices triggered by automatic transfer switches or telecontrol devices.

If the parameters of circuits of drive enabling do not allow monitoring of working condition of this circuit, the monitoring is not carried out. 

3.4.21. At electrical installations, as a rule, automatic signaling on failure of the normal mode and occurrence of any disturbances must be implemented.

Working condition of this signaling system must be checked by testing it on regular basis.

At electrical installations without permanent attendance of the staff signals must be sent to the center with personnel.

3.4.22. The circuits of operating current where false operation of different devices is possible due to overvoltage during operation of closing, electromagnets or other devices as well as at ground short circuits must be protected.

3.4.23. Grounding of secondary circuits of current transformers should be implemented at one point on terminal blocks closest to current transformers or on terminals of current transformers.

For protections unifying several sets of current transformers, grounding must be also implemented at one point; in this case grounding can be implemented through a film cutout with breakdown voltage not more than 1 kV with branch resistance of 100 Ω for leaking of static charge.

Secondary windings of intermediate isolating transformers may not be grounded.

3.4.24. Secondary windings of a voltage transformer must be grounded by connection of a neutral point or one of the ends of the winding with a grounding device.

Grounding of secondary windings of a voltage transformer must be implemented, as a rule, at terminal block closest to the voltage transformer or at terminals of the voltage transformer.

It is allowed to connect the grounded secondary circuits of several voltage transformers of one switchgear by a common grounding bar. If given buses pertain to different switchgears and are located in different rooms (e.g. the relay boards of switchgears of different voltages), then the buses, as a rule, should not be connected with each other.

For voltage transformers used as operating alternative current supplies protective grounding of secondary windings of voltage transformers must be implemented through a film cutout if working grounding of one of the poles of operating current main is not implemented.

3.4.25. Voltage transformers must be protected from short circuits in secondary circuits by circuit breakers. Circuit breakers should be installed in all ungrounded conductors downstream of terminal blocks except for a circuit of zero sequence (open triangle) of voltage transformers in circuits with big ground-fault currents.

For undivided voltage circuits circuit breakers may not be installed.

In secondary circuits of a voltage transformer a visible break (contact-breakers, detachable connectors etc.) must be allowed.

Installation of devices which can open conductors between a voltage transformer and a place of grounding of its secondary circuits is not allowed.

3.4.26. At voltage transformers installed in the mains with small ground-fault currents without compensation of capacitance currents (e.g. with generating voltage of a generator-transformer unit, with voltage of auxiliaries of electric generating plants and substations), protection against overvoltages at inadvertent displacement of the neutral should be implemented if required. Protection may be implemented by inclusion of active resistances in the circuit of an open triangle.

3.4.27. In the secondary circuits of line transformers with voltage of 220 kV and higher redundancy from another voltage transformer must be implemented.

it is allowed to implement mutual redundancy between line voltage transformers if their power is sufficient at secondary loads.

3.4.28. Voltage transformers must be fitted with means of monitoring working condition of voltage circuit.

A relay protection which circuits are fed from voltage transformers must be fitted with devices specified in 3.2.8.

Regardless of availability or unavailability in protection circuits of the above-mentioned devices, signals must be used:

when circuit breakers are opened – by dint of auxiliary contacts;

at failure of operation of slave relays of bus disconnecting links – by dint of devices monitoring breaking of control circuits and slave relays;

for voltage transformers, in which fuses are installed in high voltage winding circuits, at breakdown of fuse integrity – by dint of central devices. 

3.4.29. At places exposed to shaking and vibration, measures must be taken to prevent the break of contact connections of wires, false operation of relays as well as early wear of devices and instruments.

3.4.30. Serviced sides of panels must contain lettering specifying connections to which the panel belongs, its application, serial number of the panel in the board, and the equipment mounted on panels must have letterings and marking according to diagrams.
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