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Abstract. 

Some concepts are given concerning the implementation of an 

algorithm for travelling-wave-based directional detection. There 

showed to be no great technical problems. 

Two new travel 1 ing-wave-based algorithms are proposed, 

supplementing the directional detection during non-detectable 

situations. One algorithm concerns line-energizing, the other 

concerns single-phase-reclosure. 

An integrated scheme is proposed for the fast protection of a 

double-circuit line. Travelling-wave-based directional detection 

is part of that scheme. 
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1. Introduction. 

In a previous report [1] the authors have proposed and discussed an algorithm 

for travelling-wave-based directional detection including phase selection. 

After extensive testing it was concluded that the algorithm is suitable for 

the protection of a high-voltage line. 

The current report will provide a few links between the algorithm and a 

protection relay that can be used in a h.v. network. Chapter 2 will discuss 

the derivation of the detection functions in a possible relay. Chapter 3 

discusses the flow-chart for the fault-detection algorithm, chapter 4 for the 

phase-selection algorithm. 

Chapter 5 proposes a principle to detect a fault during line energizing and 

during single-phase reclosure; two situations that cannot be handled by the 

directional detection algorithm itself. Chapter 6 gives the integration of the 

proposed algorithms in an overall protective scheme. 

Before all this, the following two sections will give a summary of the 

relevant parts of the previous report. The page numbers refer to this previous 

report [1]. 

1.1. Fault detection 

From the measured voltages and currents superimposed quantities are determined 

by subtracting the values one power frequency cycle back in time (p.4). 

To suppress all kinds of disturhances a low pass fil ter wi th a cut-off 

frequency equal to liT will be used; T being the travelling time of the 

line-to-be-protected (p.25). 

From the superimposed quantities four detection functions are calculated. 

D Fw = ( Vt - Vs ) R, ( it - is ) (1) , 
D2

Fw 
= ( vr - v t ) R, ( ir - it ) (2) 

D,Bw = ( Vt - Vs ) + R, ( it - is ) (3) 

D2
Bw 

= ( vr - Vt ) + R, ( ir - it ) (4) 
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The following detection algorithm will be applied: 

[ ID,
Fw

l<6 and ID2Fw l<6 ) and [ ID,Bwl>1i or ID2
Bw

l>6 ) Backward fault (5) 

ID,
Fw

l>6 or ID2
Fw

l>6 Forward fault (6) 

[ ID,Fwl<6 and ID2
Fw

l<6 ) and [ ID,Bwl<1i and ID2
Bw

l<6 ) : No faul t. (7) 

The determination of the threshold Ii is handled in [1. p.36]. A backward fault 

is concluded if one of the backward detection functions becomes non-zero while 

both forward detection functions are still zero (Equation 5). 

After the detection of a backward fault the relay sends a blocking signal to 

the other line terminal and waits for the end-of-transient to continue its 

protection task. 

ID,
Fw

l>6 or ID2
Fw l>6 or ID,Bwl>1i or ID2

Bw
l>1i 

end-of-transient not yet reached (27) 

ID2
Fw

l<6 and ID2
Fw

l<6 and ID,
Bw

l<6 and ID2
Bw

l<1i : 

end-of-transient reached (28) 

Af ter the end-of-transient a clearing signal is send to the remote line 

terminal. Although only a blocking signal is needed. the additional clearing 

signal wi 11 increase the reliabil ity. The end-of -transient wi 11 be reached 

after a few cycles of the power frequency. 

If the relay is not in the blocking mode a forward fault is concluded if one 

of the forward detection functions becomes non-zero. After a forward fault has 

been detected the relay sends a clearing signal to the other line terminal and 

wai ts for the reception of a clearing or blocking signal. After receiving a 

clearing signal a tripping signal is generated by the relay. 

If a blocking signal is received no tripping signal will be generated and the 

relay waits for the end-of-transient. 
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The following relevant conclusions have been drawn from the testing of the 

algorithm: 

after a backward fault the relay must be blocked within one travell ing 

time of the line-to-be-protected (p.32); 

a fault during line energizing cannot be detected by the proposed 

algorithm (p.34); 

some very rare inter-circui t faul ts cannot be detected by the proposed 

algorithm (p.40); 

during all normal fault situations the algorithm is capable to distinguish 

between a fault and a non-fault situation within 1.5 milliseconds. 

1.2. P~~se selection. 

From the forward detection functions six selection functions are 

S, = D,Fw 

S2 = D2
Fw 

S3 = D,Fw D Fw + 2 

S. = DFw_ , D2
Fw 

S5 = DFw+ , 2 D2
Fw 

S6 = - 2 D,Fw _ D2
Fw 

The following algorithm for phase selection has been used. 

Is, I < (f 
IS21 < (f 
IS31 < (f 
Is. I < (f 
IS51 < (f 
IS61 < (f 

all 0 thers > (f 

all others > (f 

all others > (f 

all others> (f 

all others> (f 

all others > (f 

all selection functions> (f 

R-N 

S-N 

T-N 
R-S 

S-T 

R-T 

three-phase trip 

The determination of the threshold (f is handled in [1. p.37]. 

calculated. 

(lO) 

(Il) 

(l2) 

(I3) 

( 14) 

(I5) 

(16) 

(I7) 

(lS) 

(l9) 

(20) 

(2I) 

(22) 

When a single-phase-to-ground faul t is detected the faul ted phase wi 11 be 

tripped. After a phase-to-phase fault one of the faulted phases will be 

tripped. It is important in the latter case, to make sure that both relays 

trip the same phase. 
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After a single-phase trip (e.g. due to T-N) has been generated, only the 

corresponding selection function (Sa) will be monitored. If this selection 

function exceeds the threshold after some time, a three-phase trip will be 

generated as yet. In that case the fault has evolved to a more complex one. 

Also some non-evolving complex faults show a delayed three-phase trip after an 

initial single-phase trip. 

To prevent a false three-phase trip due to spikes in the selection functions, 

the cut-off frequency of the low pass filter needs to be changed to a lower 

value after a single-phase trip. 

After a single-phase trip, not followed by a three-phase trip the faul ted 

phase will be reclosed. The algorithm for directional detection cannot be used 

to detect whether the fault still exists. A special switch-on-to-fault 

algorithm will be needed, or a classical relay may be used. 

The following relevant conclusions have been drawn from the testing of the 

algorithm: 

during an inter-circuit fault the algorithm will in general give a 

three-phase trip when only a single-phase trip is needed (p.41): 

during some multi-phase faults an initial single-phase trip will be given 

followed by a delayed three-phase trip (p.43); 

during all "normal" fault situations a reliable phase selection is 

possible. 
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2. The input part. 

Figure 1 shows a possible implementation of the algorithm for travelling-wave

based directional detection in a relay. 

A few parts can be distinguished. they will be discussed shortly hereafter: 

the determination of the superimposed quantities; 

the low pass filtering; 

the conversion from analog to digital signals; 

the input processor; 

the decision processor. 

The algorithm for fault detection uses formulae (1) through (4) to calculate 

the detection functions from the superimposed quantities. 

Do----.. 
C<>--+ )------ -------- -------.---------------------, 

B
.,......... r 

A 

LPF I 
r 

Analog delay 
20ms set I 

frequency : 
I 
I 
I 
I 

r------------------- - --- - - -- - __________ .J , 
I 
I , 
, , , 

8 
tripping 
signals 

other lin 
ter inal 

Dec ision 
processor 

set ou puts 

r 

r 
I 
I 
I 
I 
t .-

filtered 
super imposed 
signals 

Input 
processor 

I 
, I , , 
L ____________________ 1 _______________________ J 

Figure 1: A possibLe impLementation of the aLgorithm in a reLay. 
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It may be more sui table not to use the superimposed vol tages and currents 

themselves. but their next four combinations. 

A = Vt - Vs 

B = R, (it - is) 

C = Vr - Vt 

D = R, (i r - it) 

(23) 

(24) 

(25) 

(26) 

In figure 1 it is supposed that these quantities are the outputs of the mea

suring part (the bandwidth of the quanti ties is supposed to be much larger 

tban 5 kHz). In that case the detection functions can be derived by means of 

simple subtractions and additions. 

D,Fw = A - B 

D2
Fw 

= C - D 
D,Bw = A+ B 

D2
Bw 

=C+D 

Also the selection functions can be derived easily. 

8, = A - B 

8 2 = C - D 

83 = 8, + 82 

8. = 8, - 8 2 

85 = 8 3 + 8 2 

8& = 8 3 + 8, 

(27) 

(28) 

(29) 

(30) 

(31 ) 

(32) 

(33) 

(34) 

(35) 

(36) 

According to equation (36) 8& gives an opposite sign as according to equation 

(15). This will not influence the phase selection because absolute values are 

used. It will make the calculation of the selection functions slightly faster 

by saving one subtraction. 

Because phase selection takes place after fault detection the input processor 

needs to calculate the four detection functions or the six selection func

tions. never all ten of them at the same time. 

The sample frequency of the AID convertor determines the required speed of the 

processor. A sample frequency of 50 kHz needs for the input processor 200.000 

additions/subtrations per second when the relay is in the fault detection mode 

and 300.()(X) in the phase selection mode. 



-7-

The required speed of the AlD-converter is determined by the travelling time 

of the line. which is 200 ~s for the one discussed here (Diemen-Krimpen). A 

backward fault must be determined within this period. This would suggest a 

sample frequency of 5kHz or more. But some additional samples are needed to 

suppress disturbances. Therefore a sample time of 20 ~s (10% of the travelling 

time) bas been chosen. This gives the sample frequency of 50 kHz mentioned 

before. 

During the stationary short-circuit situation the product of current and wave 

impedance is much larger than the voltage. This means that the maximum pos

sible values of the qetection and selection functions are determined by the 

maximum value of the current. For the Dutch 380 kV network (380 kV = effective 

value of pbase-to-phase voltage) the maximum allowable current is 125 kA. The 

possible range of detection and selection functions will be about 100.000 

units for this situation. Together with the number of bits of the AID 

convertor. this determines the resolution for detection and selection func

tions. This resolution must be considerably lower than the threshold value 

used (400 units in this case). A 12 bit AID convertor gives a resolution of 25 

units. this may be suitable. But a 16 bit AID convertor is considered to be 

better in this case (2 units resolution). A resolution of 25 units in A.B.C 

and D may give a deviation of 75 units in S6 and S6' 

The extremely high values of the current are only reached after 5 or 10 

milliseconds. Fault detection and phase selection take place in the first 1 or 

2 ms after a fault. Continued monitoring of a selection function only takes 

place after a single-phase or phase-to-phase fault when the short-circui t 

current does not reach the high value for a three-phase fault. The number of 

bits needed for the AlD-conversion may therefore be somewhat lower. Still a 

value of 12 bits is considered to be neccesary. together with a dynamic range 

of about 25.000 units. 

In case the relay will be used for recording purposes the higher dynamic range 

is needed. 

Before the signals reach the AID convertors they have passed through a low 

pass filter. The cut-off frequency is normally 5 kHz. The value of 250 Hz will 

only be needed after a single-phase trip has been given. This is done to 

prevent a false three-phase trip due to large spikes in the selection 

functions. The switching between the two fil ters wi 11 be controled by the 

decision processor. The decision processor also controles which set of 

functions is calculated by the input processor. 
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Because of the switching between two cut-off frequencies the transition from 

momentary values to superimposed can best be done before the fil tering. In 

that case an analog delay of 20 milliseconds will be needed. 

In case a digital delay should be more suitable. the configuration of figure 2 

might be used. Digi tal filters are used in this case. The setting of the 

filters is controled by the decision processor. 

LPF 25 kHz 

clock 
20 ms delay 

I 

Figure 2: Digital alternative For the input part. 

LPF 
to input 

processor 

from decision 

processor 

The analag fil ter with a cut-off frequency of 25 kHz is needed to prevent 

aliasing. It will not be needed when frequencies above 25 kHz do not pass 

through the measuring part. 

The value of 20 ms for the (digital or analag) delay will not be constant but 

has to change in relation to the power frequency. 

3. The fault-detection part 

Figure 3 gives a flow chart for the fault-detection part. This wi 11 be 

implemented on the decision processor in figure 1. During no-fault conditions 

four detection functions are compared with their threshold values. With a 

sample frequency of 50 kHz this calls for 200.000 comparisons per second. 

As soon as one of the detection functions is above the threshold. this is 

verified for the next time sample. If the detection functions remain high the 

relay gets into the forward-fault mode or in the backward-fault mode. In figu

re 3 the forward or backward-fault mode will be reached after two samples. 

This verification period can be made longer to suppress disturbances. But it 

must not be longer than about 5 samples (100 ~s) for the backward fault and 

about 10 samples (200 ~s) for the forward fault. The latter verification-time 

is especially needed to discriminate between a faul t and a lightning-stroke 

not leading to a fault. 
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'---~----~~-"----------~----------, 

-4- ______________________ _ 

backward 

raul t 

block other 

relay 

other relay 

input 

- - I 
I 
I 

I 
nr_~ ___ J 

I 
I 

I I 
I forward j 
I raul t I 
I I 
I I 
I I 
I phase- I 
t I 

. I selection: 
I I I 
'I I ..... _ - - -- - ______ .... _______________ L __________ .- _______ J 

Figure 3: FLow chart for the fauLt-detection part. 

Figure 4: FLow-chart for 

the bLocking period. 

When the relay gets into the forward-fault mode. the 

phase-selection algori dun is started and a clearing 

signal is send to the other line terminal. 

In the backward-fault mode a blocking signal will be 

generated and the relay will wait for the 

end-of-transient. After SOme time the other relay will 

be unblocked and the main loop will be re-entered. 

During the blocking period equations (8) and (9) will 

be used to discover the end-of-transient. A possible 

implementation of the latter algor! thm is given in 

figure 4. 

Another possibility is to wait for a fixed period of 

time (e.g 5 cycles of the power frequency). But the 

method used here always gives the minimum blocking 

time needed. without the risk of re-entering the 

protection task too early. A too early restart WOUld. 

almost certainly. lead to a false trip. 
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During the verification period all four detection functions must be below the 

threshold for a certain number of time samples. If not the blocking loop will 

be re-entered. 

4. The phase-selection part 

After the detection of a forward fault the relay has to wait for a possible 

blocking or clearing signal from the other relay. In the mean time the phase 

selection can take place. 

The flow chart for the phase-selection algorithm is given in figure 5. As soon 

as all or all but one selection functions are above the threshold the fault 

type will be selected. 

The relay has to wai t for a possible blocking signal from the relay at the 

other circuit-terminal. If the blocking signal is received the relay will give 

no tripping signals and just waits for the unblocking signal. 

In case a three-phase fault has been selected and a clearing signal has been 

received. a three-phase trip will be given and the relay will stop until it 

will be manually reset. 

After selecting a single-phase or phase-to-phase fault a single-phase tripping 

signal will be generated if a clearing signal is received. To prevent a 

single-phase trip during a complex fault and to discover evolving faults the 

selection function being zero will be monitored after the single-phase trip. 

The cut-off frequency of the low pass filter will be switched to 250 Hz. 

If the monitored selection function exceeds the threshold a three-phase-trip 

will be generated as yet and the relay will stop. 

If a single-phase trip has been given. not followed by a three-phase trip. the 

faulted phase can be reclosed after some time. This time is needed for the 

fault to extinguish. Typical open times are of the order of 0.5 to 1.0 second 

for conventional schemes [2]. This time may be somewhat shorter for 

travelling-wave-based protective schemes. 

After this time delay a switch-on-to-fault detector will be needed to prevent 

reclosure if the fault has not distinguished and to give a three-phase trip in 

that case. A travelling-wave-based switch-on-to-fault detector is proposed in 

the next chapter. 



wai t 
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Figure 5: FLow chart for the phase-seLection part. 
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5. A travelling wave based switch-on to fault detector. 

It was shown in [1] that the algorithm for travelling-wave-based directional 

detection could not be used to detect a swi tch-on-to-faul t si tuation. An 

additional algorithm or a back-up relay will be needed to protect the line 

during line energizing. Also during reclosure after a single-phase trip an 

additional algorithm will be needed. 

In this section a travelling-wave-based sWitch-on-to-fauit (SOTF) algorithm 

will be described, together with some results of TWONFIL-testing. A 

description of the network model TWONFIL is given in [I, chapter 3] 

5.1. The principle. 

Consider the (single-phase) situation shown in figure 6. At the instant of 

breaker closure, a wave is initiated travelling from left to right. After a 

travelling time or the wave arrives at the remote line-terminal where a 

reflected wave is initiated travelling back to the circuit breaker. 

.' ~~;:!i ______________________________________ ~o+1 

+ 

v Z,T v' 

Figure 6 SingLe-phase Line-energizing. 

The following Bergeron's equations describe the wave propagation (the line is 

considered to be lossless). 

v(t-2or) + Z i(t-2or) = v'(t-or) + Z i'(t--r) 

v' (t-T) - Z i' (t-r) = vet} - Z i(t} 

During line energiZing the other line terminal is open, so 

i'(t-or)=0 

(37) 

(38) 

(39) 

From (37) through (39) the following equation for the quantities on the line 

side of the breaker can be derived: 

V(t-2T) + Z i(t-2T) = vet) - Z i(t) (40) 



-13-

This is only valid if there is no reflection on the line and if the current at 

the remote line terminal is zero. This leads to the detection principle below. 

D(t) = { V(t-2T) + Z i(t-2T) } - { vet) - Z i(t) } 

!D(t}! < b no fault 

!D(t)! > b faul t 

(41) 

(42) 

(43) 

For realistic lines the algorithm must be extended to a three-phase one. In 

that case a distinction should be made between line energizing when all three 

phases are open at the remote line-terminal. and single-phase reclosure when 

only one phase is open. 

5.2. Line energizing (three phase reclosurel 

If all three phases are open at the remote line-terminal, equation (40) is 

valid for all three modes. Only the two aerial modes will be used here to 

avoid problems wi th the homopolar mode quanti ties. From the vol tages and 

currents on the line side of the circuit breaker two detection functions are 

calculated. 

D,(t) = [{Vt(t-2T}-V.(t-2T}} + R,{i t (t-2T)-i.(t-2T)}] 

- [{Vt(t}-v.(t}} - R,{it(t}-i.(t}}] 

D2 (t} = [{Vr (t-2T}-V t (t-2T}) + R,{i r (t-2T}-i t (t-2T})] 

- [{vr(t}-Vt(t}} - R,{ir(t}-it(t}}] 

(44) 

(45) 

Before energizing all voltages and currents are zero. Therefore it does not 

make any differnce wether the relay uses momentary values or superimposed 

values. Also during the new stationary situation after line energizing, both 

can be used because Bergeron's equations hold for momentary as well as for 

superimposed quanti ties. In conjunction with the algorithm for directional 

detection it will probably be more easy to use superimposed quantities. 

The following detection algorithm will be used. 

!D,(t)! < b and !D2 (t)! < b 

!D,(t)! > b or !D2 (t)! > b 

no faul t on line 

faul t on line 

(46) 

(47) 
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As soon as a fault is detected a three-phase trip will be generated. Phase 

selection (and single-phase autoreclosure) is not considered to be needed for 

faults during line energizing. It may however be useful for recording 

purposes. 

During normal operation the SOTF-detector will be blocked. It will be 

activated (de-blocked) before a closing command for the circuit breakers will 

be given. Only the circuit breakers at one terminal will be closed. This is 

the line terminal where the SOTF-detector is situated. The circuit breakers at 

the other line terminal remain open. 

After the line has been energized successfully the relay will be blocked 

again. A message will be send to the other line terminal and the circui t 

breakers on that side will also be closed. 

The highest absolute value of the detection functions during line energizing 

not leading to a fault was shown to be about 110 units, by using the 

TWONFIL-model. An additional threshold of 100 units is needed if superimposed 

quantities are used. This leads to a threshold of about 200 units when 

momentary values are used and 300 units for superimposed values. 

The maximum fault detection time (for single-phase faults around voltage-zero) 

will be about 900 /.Is and about 1300 /.Is respectively. These values are for 

faults occuring at the remote line-terminal. Faults closer to the relay 

position will be detected faster. 

5.3. Single-phase reclosure. 

During single-phase reclosure the algorithm is more complicated. Only one 

phase is open at the remote line-terminal. Therefore equation (40) no longer 

holds for all modal waves. This calls for different detection functions. 

In fact equations (44) and (45) determine the modal currents at the remote 

line-terminal under the assumption that the line is heal thy. The algori thm 

used during Single-phase reclosure calculates the phase currents at the remote 

line-terminal. If the current found for the open phase is not zero, the line 

is not heal thy or the current is not zero. In both cases the line must be 

disconnected. 
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The following detection functions will be used. 

Dr(t) = (vr (t-2T)+R,i r (t-2T)} - (vr(t)-R,ir(t)} + a{vo(t-2T)-Vo(t)} (48) 

D.(t) = (V.(t-2T)+R,i.(t-2T)} - (v.(t)-R,i.(t)} + a{vo(t-2T)-Vo(t)} (49) 

Dt(t) = (Vt(t-2T)+R,i t (t-2T)} - (vt(t)-R,it(t)} + a{vo(t-2T)-Vo(t)} (50) 

During the reclosure of the R-phase the detection criterium will be 

IDr(t) I < b 

IDr(t) I > b 

no fault on line 

faul t on line 

(51) 

(52) 

During the reclosure of the S-phase and the T-phase D. and Dt will be used 

respectively. 

6. Integration in a protective scheme. 

In [1] an algorithm for directional detection has been proposed and discussed. 

This algorithm will not operate on its own. The relay at the remote line

terminal has already been mentioned. as well as a back-up relay and a 

switch-on-to-fault detector. 

This section will discuss the integration of all these relays and algorithms 

in a protective scheme. The protective scheme will be discussed by means of 

the network shown in figure 7. 

Three levels of detection can be distinguished. 

1. The "normal" protection; the relays that are supposed to give tripping 

signals as soon as (in fact a little after) a fault occurs somewhere on 

the line-to-be-protected. This is the kind of protection discussed in [1] 

and in the preceeding chapters. 

2. The local back-up that is supposed to take over the protection and 

generate a tripping signal in case the normal protection would fail. 

3. The remote back-up. needed in case the normal protection or the local 

back-up gives a tripping signal but the circui t breaker fails to open. 

Another set of circuit-breakers must open to isolate the fault. 
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Figure 7 Protectiue scheme for a simpLe high-uoLtage network_ 

Consider a fault at the position F in figure 7_ During normal operation relay 

1 and relay 2 will detect a forward fault and the faulted circuit will be 

disconnected_ The generation of the tripping signal will take between 10 JLS 

and 1.5 ms_ In combination with a 3/.-cycle breaker the fault will be 

disconnected after about one cycle of the power frequency_ 

If relay 1 should fail to detect the fault (it was one of those non-detectable 

situations or the relay does not operate properly) relay 3 detects the fault 

and gives a tripping signal to the circuit breaker_ Relay 3 is a local back-up 

relay_ It must be very reliable but don't need to be extremely fast. A 

distance relay with a detection time of about 20 milliseconds may sui t. In 

fact relay 3 always detects the fault. but in general the tripping signal will 

be generated when the circuit breaker is already opening or even open_ 

If the circui t-breaker should fail to open. the remote back-up will isolate 

the fault_ Nowadays a relatively large part of the network is isolated by the 

back-up protection_ For the situation discussed here (and shown in figure 7) 

the circuit breakers 11. 12. 13. 14 and 15 would open_ An unneccessary large 

part of the network would be de-energized_ 
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As soon as relay 1 or relay 3 generates a tripping signal this is reported to 

a breaker-fai lure-detector (4 in figure 7). This detector measures current 

through and/or voltage across the circuit breaker. From this the opening of 

the circuit breaker can easily be detected. If the circuit breaker has not 

opened e.g 20 ms after the tripping signal. an alarm will be send to the 

remote back-up. In this case circuit breakers 5.6 and 7 will receive a 

tripping signal; the bushar where the faulted line is connected to, is 

isolated. 

To determine which circui t breakers should open, it is needed to know the 

station configuration. Therefore this can easily be done by means of a 

substation protection (SP in figure 7). The latter "knows" the network 

configuration and generates the tripping signals needed to isolate the fault. 

It also sends messages to the substation protection in other stations, in this 

case to open circuit breakers 11 and 12. The substation protection will be in 

close contact with the substation-control computer, or may even be a part of 

it. 

During line energizing the substation protection will activate the 

SOTF-detector 1 and give closing signals to the circuit breakers. A certain 

time after breaker closure (detected by the breaker-failure detector) the 

substation protection de-activates the SOTF-detector and sends a message to 

the remote substation. In the remote station the circuit-breakers wi 11 be 

closed after receiving the message. 

About the same procedure will be used during single-phase auto-reclosure . In 

case the fault has not extinghuised (or a fault occurs during line energizing) 

a tripping signal is generated as well as a message for the breaker-failure 

detector. 



-18-

7. Conclusions 

The preceeding chapters give some thoughts about the implementation of a 

travelling-wave-based algorithm in a protective relay. There showed to be no 

great technical problems. 

The thoughts given are just another step on the way to a travelling-wave-based 

relay. More work has to be done. e.g on the fields of machine-language 

translation. communication between the relays. measurements of vol tages and 

currents. 

Two algorithms are proposed for fault detection during line-energizing and 

during single-phase reclosure. Combining these with the directional detection 

algorithm will increase the reliability of the relay. 

Finally an integrated scheme has been proposed for the fast protection of a 

double-circuit h.v. line. By using this scheme the time needed to isolate the 

fault as well as the isolated part of the network in case of breaker failure 

are reduced. Both will make the supply of electricity (the basic aim of a 

high-voltage network) more reliable. 
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