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Abstract. This paper presents a new algorithm for two-terminal fault location in transmission line.
It creates a fault-based information ranging function. According to the characteristic of the function,
it analyzes the trajectory of function vector and finds the failure point the by recursive function. It
uses PSCAD and MATLAB to simulate and prove its correction.

Introduction

Under the conditions of transmission lines system parameters known, the voltage and current of
both line ends are functions of fault distance when a fault occurs on one point of transmission
line.Failure analysis method is a common fault location algorithm and it an be achieved with
existing fault recorder purposes ranging. It Establishes fault location equations according to system
parameters and electrical quantities of measuring points,then calculates the distance between failure
point and measuring points.

There are two types of failure analysis used for fault location. Single-ended fault location[1-10]
uses only one end of the line current and voltage information to determine the fault distance.lIt does
not need the channel to transmit opposite side data, so it is not limited by communication
technology. Fault location algorithm using single-ended data can be divided into three
categories.The first is the method for solving differential equations.The second uses power
frequency electrical quantities to locate fault position.The third finds the fault location according
to the characteristics of the voltage distribution along the line under fault conditions.Double-ended
fault location[11-17] has sufficient or redundant location equations. It may achieve precise fault
location because it can eliminate measuring error affected by transition resistance and other factors.

This paper presents a new double-ended locating algorithm which is based on distributed
parameter line model.The method is to create a fault-based information ranging function,and to
calculate ranging by a characteristic of ranging function up to the minimum when the independent
variables is fault distance by trajectory of function vector.

Algorithm principle

Assuming the transmission lines is uniform and its parameters are constant,we use distributed
parameter line mode shown as figure 1.

Figure. 1 Double-end fault schematic
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In Fig.1,Unm In for the voltage and current measurement obtained for M terminal; Un . b for

the voltage and current measurement obtained for N terminal; | for the total length of the line;

x for the X end to the point of failure F distance; ' for the short circuit current fault point. Due to
long-wave equation of electrical quantity at M and N terminal, two equations are established,in
which 7 is the wave propagation coefficient.(” =V(R+ioL)(G+juC))

{Lﬁjx =&, coshy x— K Z sinhy x
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Dueto (1) and (2) :
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I‘§Aﬂx+ I%X :|—U% sinhyx/Z+I%cosh;/x—U% sinhy(l—x)/Z+|%coshy(I—x)| (4)
creating ranging function F(x) :
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Due to hyperbolic function definition(sinh yx = e’ e’ ,cosh yx = erre” ),Equation 5 becomes

Equation 6.

e (~a) +b| .

F(x)= (6)

|eZ’x ><a+b|

a=-U, +I,Z2+Ue” +I,ze" ,b=U, +I1,Z-U,e" +1,ze".
The fault point voltage calculated from the M end equals to which calculated from the N end,

WKcoshx § Zsimxk & gosh & ) Z s (7)
Due to hyperbolic function definition, the following equation is created.
U, +1,,Zz+U,e” +1,2e" =e"*xU,, +1,,Z-U,e" +1,zZe")
It meansa =e** xb . So equation 8 is created.
|a| =1b| (8)

Figure 2 shows a vector diagram which represents equation 6.
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Figure. 2 Vector Schematic
In figure 2,a = OAb = 00, e**.ais a set of rounded edges with center O and radius ‘OO".

OB =0A+00,0B =0A +00 , the round with center O' and radius ‘OO"shows the
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trajectory of point B, B .Because OA and OA" isin the opposite direction,it is easy to get

/BOB :% by the geometric relationship , and equation 6 can be replaced by equation 9.

uuu

F(X):w Z:_gt‘Bﬂ;:tanlg (9)
2yx
|e7 xa+b| ‘OB‘

Points BB respectively walk along the arc BCB' B'AB  counterclockwise with the same speed,
uuua
=l B

B
also change. As B gradually moves to the C point, increases to a maximum value. At

uu uut
. OB
this time point B moves to point O, gradually reduces to the minimum.. .And then ‘ ‘
B s s
gradually decreases, gradually increase.‘ gradually increases. and gradually
uun UUUY
OB OB
decrease after it gets through point O.After O,‘ ‘ gradually increases, and gradually

decreases. so @ <8 reaches the minimum of 0 when B moves to C . The following equations can
be obtained.

OA-e¥* =00' (10>

{a-ez’* =-1.00

(U, +1,Z2+U, e +1,2e ") =U,, +1,Z-U,e" +1I,z¢e" (1D

Due to (7) and (8),(11) is true and F(x) is the minimal when the value of X is the distance
between the point of failure and the end M .

In three-phase systems, due to the existence of incomplete transposition and coupling
phenomenon between the phase line, the measurement accuracy of algorithm will be affected.
Karrenbauer transformation used in this paper to decouple a three-phase electrical. It transforms
Phase space into the module space and uses modular space electric quantities to calculate. It take a
phrase ground fault for example to analyze the Principle.
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Inserting equation 12 and 13 to equation 1,equation 14 is obtained.
{U%x =& cosh y'x— & Z'sinhy'x

o , (14)
& — & sinhy'x/Z" + & cosh y'x

Among i={a p 0 represents the modulus.Similarly, the N-terminal electrical modulus can
also be calculated. Together with equation 6,equation 15can be obtained.
e (-a') +b|
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(15)
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reduces to minimum when x moves from the M terminal to the point of failure. F (%) gradually
increases when X moves from the point of failure to the N terminal.According to this characteristic
it measures fault distance.

Algorithm simulation

In order to verify the correctness of the algorithm, this paper uses the distributed parameter line
model to build EMTDC transmission line model with a total length of 600kM, as shown in Fig.3

M1, [ N
S R
| |
' U
U, N
Figure. 3  System simulation model
Some Parameters:
rL=0.02083Q/km ; 1,=0.8948mH/km ; C =0.0129uF/km ; 1r,=0.1148Q/km
|, =2.2886mH /km ; C,=0.0523uF/km ; E, =105pu.20° ; R, =10515Q

L, =0.13743H ; R,,, =0.6Q2; L,,, = 0.0926H ;

Fault model is simulated by EMTDC and data is Processed by MATLAB.Sampling Frequency is
set of 4KHZ,and total track length of line is divided into 10 divisions.Search step size is 0.6km.
Differential full-wave Fourier algorithm is used to filter.Simulation time is set of 0.22s,ground fault
is found when it is at time of 0.12s,and fault is finished when it is at time of 0.18s. Figure 4 shows
the simulation diagram of A phase ground fault in 83kM with different transition resistance.
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Figure. 4 F(X) characteristic of A phase ground at 83km

Most Factors that affect the ranging accuracy are changed.The ranging effect of this method
should be considered.
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Table 1 Effect of grounding resistance and fault location on AG fault location results

Fault 15 35 83 300
distance km Measurin | Error | Measurin | Error | Measurin | Error | Measuring | Error
Transitio g distance | /km g distance | /km g distance | /km | distance /km
resistance/ Q Tkm /km /km /km

20 14.98 0.02 35.23 0.23 82.79 0.21 299.86 | 0.14

80 15.08 0.08 384 0.16 83.12 0.12 299.54 | 0.46
100 14.78 0.22 388 0.12 83.05 0.05 299.75 | 0.23
300 14.97 0.03 384 0.16 83.15 0.15 300.24 | 0.24
500 14.85 0.15 365 0.35 83.54 0.46 300.35 | 0.35

Table 2 results of different faults types (Transition resistance for 20€2)
Fault distance 15 35 83 300

/km Measurin | Error | Measurin | Error | Measurin | Error | Measuring | Error

g distance | /km g distance | /km | gdistance | /km distance | /km

Fault type /km /km /km /km

AG 14.98 0.02 35.23 0.23 82.79 0.21 299.86 | 0.14

BC 14.91 0.09 35.21 0.21 83.43 0.43 300.09 | 0.09
BCG 15.11 0.11 34.57 0.43 83.12 0.12 299.89 |0.11
ABC 14.99 0.01 35.05 | 0.05 83.18 | 0.18 299.23 | 0.77

Table 3 AG fault location results of different sampling rates (Transition resistance for20€2)

Fault distance 15 35 83 300
/km Measurin | Error | Measurin | Error | Measurin | Error | Measuring | Error
Sampling g distance | /km g distance | /km | gdistance | /km distance | /km
number/cycle /km /km /km /km
80 14.98 0.02 35.23 0.23 82.79 0.21 299.86 0.14
40 14.34 0.66 33.92 1.08 81.79 1.21 296.36 | 3.64
20 16.22 1.22 33.56 1.44 84.51 151 306.35 | 6.35
10 11.46 3.54 38.79 | 3.79 89.35 6.35 293.34 | 6.66

Table 1 and Table 2 show that the algorithm is largely unaffected by the fault location, size of
transition resistance and type of failure transition resistance. The high-impedance grounding can
still get a more accurate measurement results. Table 3 shows that the algorithm depends on the size
of sample rate.Sampling frequency is higher and the measurement is higher,and vice-verse,it may
not meet the engineering needs.

Discussion

According to the simulation results,measuring accuracy of algorithm satisfies engineering’s
demands.There are factors affect the accuracy of the algorithm.

372



Sampling Frequency. Owing to the analysis of simulation results,sampling frequency is higher
and the measurement is harder to be affected by transition resistance.The algorithm is based on the
frequency to achieve fault location.lIt is easy to implement because locating hardware requirements
are not high while Traveling wave fault location needs high sampling frequency.

Filtering effect. When unbalanced fault occurs in AC system,it will generate a lot of high
harmonics and decaying DC component.If filtering is not well proceeded,it will have a huge effect
on the measuring electrical quantity ,and eventually lead distance function F(x) characteristic to
shift. Filtering effect will directly affect the size of measuring error. This paper uses a differential
full-wave Fourier algorithm,and differential filtering and FIR low-pass filtering may also be used.

System Parameters. Their size are affected by many factors,such as,weather, humidity ,various
interference signals and the wire’s surface conditions,and so on.This paper does not take into
account changes in parameters,but this problem will be solved in the subsequent study by online
calculated parameters.

Selection of e and n. A large number of simulation results display that the size of threshold
value e are lower, the ranging accuracy is higher,but the computing time is even more.Generally if
fault location does not require timely output,the smaller e are appropriate. But in fact ,the e may be
obtained by the location tolerance because the former is a function of the latter .While the size of
equal interval n needs to select the appropriate value because the number of calculations is is a
function of the location tolerance.So,if the location tolerance is set,the n and e is determined.

Conclusion

This paper presents a double-ended locating algorithm that is based on distributed parameter line
model.The transmission line model of the distributed capacitance currents is considered.The
measured distance only needs double-ended electrical quantity.A large number of simulation results
display that this algorithm is not affected by transition resistance, system operating mode, fault type
and fault distance. High-impedance grounding can still get a more accurate measurement
results. The algorithm is based on power frequency and without excessive sampling rate.Increasing
the sampling rate can reduce ranging error on the economic conditions. It satisfies location
requirements and work demands,and it has high application prospect.
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