
Protect_ion and monitoring of the electrical energy transmission networks - Appendix 7

Protection  of  thermal  generators
(by clicking above you return to the general summary)
General organisation (see appendix 1)

The protective relay functions can be classified into four classes::

   - protection against fault, or abnormal situations, inside the alternator rotor,

   - protection against fault, or abnormal situations, inside the alternator stator,

   - protection against fault concerning the transformer and its links with the alternator,

   - back up protection for the network protective relays.

They can be also classified in relation with the data they need :

   - direct rotor voltage,

   - alternative current and voltages measured on the output of the stator,

   - alternative current and voltages measured on the output of the higher voltage side of the generator transformer.

A number of them can be found in several classes. They are noted in italic when they are mentioned for the second time or more. 

1 - Fault or abnormal situation on the rotor.

1 - 1 Fault detected by the direct current or the direct voltage:

   
- under - excitation,

   
- earth - rotor

1 - 2 - Fault detected by the alternative current or the alternative voltage:
   
- unbalance,

   
- reverse power,

  
- over / under-frequency,

   
- loss of synchronism (out of step)

2 -Fault or abnormal situation on the stator, detected by the alternative voltage, or the alternative current:

   
- earth - stator,

   
- inter-turn fault

   
- over-voltage,

   
- overload

  
 - reverse power.

 3 - Fault or abnormal situation on the transformer
  
 - transformer differential protection,

   
- Buchholz relay,

   
- over-fluxing,

  
- unde-rfrequency.

4 - Back up for the network relays.
- over-current criterion,

- impedance criterion,

- over-voltage / under-voltage,

- loss of synchronism,
-over / under-frequency.

Each of these functions can be found on any generator, whatever its power be, but the solutions achieved may be more sophisticated on the powerful generators. More, for these generators, a greater redundancy is asked.

Under-excitation (ANSI standard 40)

Problem: detect the abnormal operating situations, which risk to lead its stability to be lost.

Proposed solution 

The mock up considered i a follows (one - wire scheme used for three phase system) 
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  The admittance diagram is as follows:
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The alternator is represented by a source of current I1, which is proportional to the excitation direct voltage Ve:






Is = k * Ve
 is the phase difference angle between the positive sequence voltage of the stator, itself in the same phase as the rotor axis, and the positive sequence current supplied by the stator.



 is the argument of the load impedance

V1 is the positive sequence voltage on the terminals of the alternator.

The circle C1 is obtained  for Vs / Is = k * Ve rated / Vs rated.

The circle C2 is obtained  for Ich / Vs = Is rated / Vs rated 

1 and 2 form the characteristic on the right of which the stability risk to be lost.

3 is the characteristic on the right of which the stability is effectively lost.

the relay becomes from the stator following data:

- The voltages on the terminal of the alternator on the three phases: 
Vsr,   Vsy,   Vsb

- the currents running inside the burden on the three phases:

I load r,  I load y,  I load b

- the direct excitation voltage:




Ve





It reckons the positive sequence voltage  Vs and the positive sequence current I load.

From these data the alternator functioning point (admittance I load / Vs), may be placed in relation with the straight lines 1 and 2 on one hand, 3 on the other hand: 

- if the functioning point is located on the right of 1 and 2, he relay releases either a delayed alarm or a delayed tripping order. The delay is set at a value enough to leave the regulator act, e. g. 10 seconds.  

- if the functioning point is located on the right of  3, the relay releases an immediate tripping order.
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earth rotor (ANSI standard 64 R)

Problem: detect an insulation fault between the rotor and the earth.

Proposed solution : an alternative voltage, 45 V e. g., is injected between one of the rotor terminals and the earth. The corresponding alternative current is measured. 

The measured value leads to the elaboration of an alarm, for the lower threshold, and of a tripping order, for the higher threshold. 

To clear the interference with the currents yielded by the changes of the direct voltage supplying the rotor, through the capacitance between rotor and earth, the polarity of this auxiliary voltage is regularly reversed. 

The relay releases an instantaneous alarm, and a tripping order delayed of a few seconds.

The isolation faults leading to a tripping order may reach a few k. The ones leading to an alarm may reach a few tens of de k. 
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Unbalance (ANSI standard 46)

Problem: a negative sequence current yields a heating by Eddy currents inside the rotor, proportional to the square of this current. 

Solution: a thermal image is created, supplied by the negative sequence current. When the calculated temperature reaches the lower threshold, the relay releases an alarm, and when is reaches the higher threshold, the relay releases a tripping order. 

The time separating the alarm from the tripping is a number of minutes. 
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Reverse power(ANSI standard 32):

Problem: when the mechanical power supply from the turbine lakes, the active power flow from the network to the alternator. The alternator must be then stopped. Indeed this case may correspond to a maloperation of the turbines, which may be damaged. 

Solution: a relay measures the flowing sense of the active power. More, the measurement of power, whatever its sense be, is sent to the equipment having in charge the starting and the stopping of the generator.
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Over / under - frequency (ANSI standard 81)

Problem:  - a too high frequency may jeopardise the rotor which turns too quickly.

   - a too low frequency  leads to an inappropriate operation of the auxiliary equipment of the generator  and of is power transformer (see overfluxing)

Solution: frequency measurement. A very accurate detection of the frequency is necessary. The relay contains generally one under - frequency, and one over - frequency threshold for low power generators, and two (one alarm and one tripping) for more powerful generators.
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Out of step (ANSI standard 78)

Problem: When a generator looses the synchronism in relation with the other generators of the network, the customers are not correctly supplied. More, all the generators undergo very heavy constraints, and especially the one which is the closest to the centre of the power swing, i. e . the point where the voltage is null

      (see 5th part, § 112).

Proposed solution: The power swings are detected by measuring the positive sequence impedance module, which oscillates between a minimum and a maximum. The tripping order may be sent after one, two or three power swings. These relays are co-ordinate with the out of step protective relays.

 (see 5th part, § 31 and 4th part, § 42 )
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Stator to earth (ANSI standard 64)  

Problem: measure the insulation faults between the stator and the earth.

Proposed solution : the detection is performed by measuring the zero sequence voltage on the terminals of the alternator. For this the secondary windings of the voltage transformers placed on those terminals are connected in open triangle.

This method allows the detection of faults on the stator windings, but only if they are located remote enough from the neutral point. 

To detect insulation faults located on the neutral point, or very close to it, an additional voltage between the earth and the stator is injected. For this, a frequency, different from 50 hz, for example 20 hz, is used. The measurement is then not bothered by the voltage induced by capacitance coupling. 

>This voltage i injected from the terminals of the open triangle.

The relay, thank to its filters, separate then the 50 hz voltage and the 20 hz voltage. 













  voltage reducer phase r



















 voltage reducer phase y





stator











 voltage reducer phase b



     relay presence


     of current in 


     the neutral 







    


     connection 






     terminals of open triangle












       burden








        relay








   generator 







       20 hz 

Bibliography [116], [117], [118]

Inter-turn faults (ANSI standard 64 W)

Problem: an insulation fault exists between two windings of the stator, but there is no fault between a winding and the earth.

Proposed solution : This fault creates an unbalance on the output voltages, which is detected as the preceding one  by the voltage measured on the output of the open triangle. The discrimination between inter-turn faults and stator to earth faults is obtained by the presence or not of current inside the neutral connection. 
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Over voltage (ANSI standard 59)

Problem: A too high voltage may provoke punctures.

Proposed solution : each voltage is measured, and compared to thresholds. 

The relay contains an alarm threshold and a tripping threshold, set to an higher value, delayed of a few seconds.
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Overload (ANSI standard 49)

Problem: if a too high current runs inside the stator, it becomes progressively hot, and after a delay it can be damaged. 

Proposed solution : The stator currents are sent into a thermal image, which takes into account the external temperature. The relay elaborates an overload alarm, and then thanks to an inverse time element, a tripping order. The tripping may appear after a time in the range of a few minutes to several hours. 
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Differential protective relay (ANSI standard 87)

Problem: detection of insulation faults in a given area, limited by current reducers.

Proposed solution : sum all the currents entering the protected area, and compare it to the sum of the current modules. This principle may be used as well for the generators as for the power transformers.


- transformers:

The relay sums on the higher voltage side the three phasor currents, and, if relevant, the neutral current. It sums separately, on the lower voltage side, the same currents. Each of these sums, which is named differential current, is compared to the sum of the modules of the same currents, which is named polarisation current.  

The tripping order i given if the differential current is higher than a given fixed threshold, and higher than a percentage of the polarisation current.

This relay allows the detection of short circuits between high voltage and low voltage winding, or between a winding and the tank. 

A number of faults between high voltage and low voltage winding is uneasy to detect by this way. A better sensitivity i obtained by the function  « restricted earth fault protection » which compares the neutral current phase with the one of the sum of phasor currents. If heir phase is opposite, the fault is external; if the phase is the same, the fault is inside the transformer. 

The differential protective relay must be insensitive o false differential currents, yielded by:



. the inrush current on transformer enclosure (harmonic 2);



. the current due to the current transformer saturation; 

  

. the harmonic 5 due to over-fluxing.


- generators:

The relay detect the fault between windings and earth. It is redundant with the earth stator relay. It does not detect the faults between windings.
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Over-fluxing (ANSI standard 59 / 81) and Buchholz
see third part, § 13 and § 19 

Back up 

 Problem: If a short circuit appears on the network, the protective relays of the network have in charge its selective clearance (see third part). However, if they fail, back up protective relays, very simple and very delayed, have in charge, in last emergency, the protection of the generators.

First proposed solution : over-current relays (ANSI standard 51)

Improvement: if the current becomes lower than the tripping threshold before the end of the delay, but if the voltage remain lower than a given threshold, the relay remains energised until it trips, or to the return to a correct voltage. 

The aim of this function is the total clearance of the fault, in case of partial clearance from the network protective relays. 

Second proposed solution : impedance protective relay (ANSI standard 21)

This is a classical distance protective relay, which may contain an out of step function (see third part, § 21)
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