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A Modified Finite Transform Algorithm
for Digital Distance Protection

K. XK. Li, C. Cheung Y. Q. Xia:
Hong Xong Polytechnic Tianjin University
Kowloon, Hong Kong Tianjin, China

Abstract: This paper presents a modified. finite transform
algorithm for an ultra-high-speed digital distance protection.
The algorithm employs a very short data window together with a
high sampling frequency. Result of simulation shows that stable
operation and high operating speed are achieved even in the
presence of high frequency components caused by reflected
travelling waves in.the transmission line. Real time simulation
verifies that the ‘technology can be implemented in low cost
microprocessors. -

1. Introduction

Digital protective relay in power system has been developing for
more than twenty years[l]. Because of its advantages in
characteristic—: accuracy, flexibility, user friendliness, easy
testing and self-monitoring{2], the stage of.commercial use has
begun in recent years. ‘

Stimulated by a need for ultra-high-speed fault clearance[3] and
the availability of the appropriately priced signal processing
technology, there has been growing effort on high speed digital
transmission line protection{4]-[8].

During fault conditions, the voltage and current waveforms are
usually distorted and consist of numerous harmonics and reflected
travelling wave components (9]. However, they contain the basic
information about the fault. System impedance calculation for
distance relaying can be obtained by extracting the fundamental
components. In general, the algorithm used should possess short
data window and high sampling frequency for ultra~high-speed
relay application. Short data window will introduce errors due
to D.C. components, subharmonics and superharmonics. High sample
frequency can reduce errors, but in the other hand it also
reduces the available time for computation and a high speed
microprocessor is required.

This paper presents a modified finite transform algorithm which
can reduced on-line calculation and possesses high filtering
function. Result of simulation shows that the calculated
impedance converges rapidly. Real time simulation further proves
that the algorithm can be implemented by using commonly available
16-bit microprocessor to achieve ultra fast operating speed.

2. Principle of the algorithm
The following transmission line equation is used as the basis of

calculation:—-
v.(t) - RIi(t) +Ldi (&) /dt (1)
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Although the system voltages and currents do not conform exactly
to equation (1), it is a close approximation based on the
Positive Phase Sequence series inductance and resistance of the
line at power frequency provided high frequency components caused
by fault induced travelling waves are prefiltered ([5].

Eqn. (1) has been solved by other authors in different way, but
this papeér presents a new approach.

The finite transform of veltage and current is given by egn. (2)
and (3) respectively, . °

v {jw,, t) - f:r v, (1) exp(-jw t)dr (2)
!

T, (e, ) - fcfrir(” exp (-jw ,T) dr (3)

where T, is data window length, the finite Fourier transform of
eqn. (1) becomes:

T’r(jme: t) - R—.fr(j(x)a, £) + ijeL-_f_r(jmc, &) (4)
+L 1, (8) exp(-jw,t) - 1 (t-T) exp[-jw  (t=-T, )1}

I+ can be seen that the last term in the RHS of egn. (4) account
for the sudden drop to zero of the time function at the beginning

and at the end of the window duration. Decomposing V., 1, into
their real and imaginary parts gives,

VG0 E) = Vg - TV ) (5)

T (Je,,t) =T,y - i . (6}

where V.., V. Ly, I,, can be evaluated by the following equations

V- f:rvvr(t) cos (w ,t) dt (7)
Ve ™ fc_chvr(r) gin(w ) dt (8)
I, - fc;vi,(t) cos (w t) dr {9)
i, - fc_‘nit(r) sin(w ) do (10)

Eqn. (4) can then be arranged in the form,
Fn] - I G [R} (11)
V2 Tfrz Sy L
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where
c,-i,(t)cos(w t) -i (t-T,)coslw (t-T)]+e ol r2 (12}

5;-i (t)sin(w 0{:? —i (t-T)sinlw (=T ]1-0 I (13)

When the matrix of the above eguation is inverted, R and L can

then be expressed as
Si G F’n] (14)
~1rz 3:1 V2 :

Hence a 'measurement of the line impedance as seen from the
relaying point has been achieved.

where A = 1.,5; - lrz.Co.

3 Discrete digi'{:al signal processing

To achieve fast operation of the protective relay, real time
calculation must be a minimum. Referring to eqn. (14), the first
step is to calculate ¥V, Vg, i,,, I,. For the n-th elemental
strip, the area A(n) is estlmateé. by eguation (15) to make use

of the information conveyed by cos(®,7T) {Appendix 2].

A

n

Therefore,

1
2w

N
Veam };{[Vr(tn-l)’“"z,( t)] [sin(e t;) -sin(o .t 1 (18

a

where N is the number of samples in one data window.

To reduce the computing task, v, is calculated by modifying the

previous integral as follows:

Vo (k) =V (k-1 + (v (&) v (L) TCLK) — Dv (B ) +V, (Epq ) 1 #C(Kk-N)
(17)

the result calculated in last sample period

where V., (k-1)
sin (bt} - sin (v,t.q) -

and C(k)

o

In a similar way, V(k), I, (k). T,(x), S{k}y, C(X),
D(k) (D(k)=A(k)) can be calculated. The measured resistance and
reactance at the sample instant k are calculated from egn. (14)
as follows:

R(K) = [8;(k) T, (k) - C (k) V(k)] / D(k) . (18)
XUk) 27 EL (k) =2n £ [T, (k)T 5 (k) =T, OV, (k) 1/D(K) {19)
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In order to achieve an ultra fast operating speed, a sampling
frequency of 4 kHz is used. A simple analogue lowpass filter is
simulated to filter any component above 2 kHz in oxder to
eliminate the aliasing effect. As the low pass analogue filter
has a high cut-off frequency, the time delay caused by the filter

is a minimum.
4. Digital relay simulation

The relay algorithm was simulated in a high level language. Fault
transient voltage and current waveforms are generated by a method
similar to that developed by A.T. Johns [9]. This method has an
accurate representation of the frequency variance of line
parameters and shows that even on lines which are electrically
short, very severe transient conditions can exist. The typical
line used for study here is a 400 kV double circuit overhead
line, 128 km in length with a total line impedance of 36.8 L 86"
Q. The system model and its parameters are showed in fig.l.

Relaying Remote
Romote souce  gayrce

Line impetance

Local K
source  Local source  point

impedance Line
AN
— ] {1 1
Fault ‘
point

fFoult level st relaying end = 35 GVA

Fault level st remote e¢nd = 35 GVA

pre-{ault relaying end busbar voltage = 1.0 L a°

Pre-fault remote end busbar voltage= 1.0 £30°

Total line impedance = 36.8 L 86" 0

Figure 1 System diagrsm for study case ‘

A quadrilateral trip decision logic is used in this protection
scheme (Fig.2). To protect 80 % of the line length, the relay

reach is adjusted to:
X = 29.4 Q; XO=—4.0 ; R = 29.4 0; RD==-4.0 .

To overcome the oscillation of calculated impedance in cases
where the faulted voltage and current waveform are seriously
distorted, a counter method is adopted for the relay operating
logic. The protected region is divided into two zones[5]: the
increased counter rate region and the reduced counter rate
region. The relay counter will start to accumulate from zero
whenever the impedance calculated falls within the operating
region from the instant of fault inception. The settings used for

study is shown in Fig.2.

Reduced counter rate region = 80 % to 100 % of relay reach
Increased counter rate = 2
Reduced counter rate = 1
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Decrease counter rate = -1 (impedance outside the relay
) operati
Final counter value = 8 P ing zone)

5. Result of simulation

Simulations of the B
alg:rithm using the above X X ;//ﬁdhmmuﬁu°mm
systen model under y :: irst zone reschi0.6210
different fault condition - N reduced countar fata segian
(different fault type and [ //T//

different fault location)
have been done. Some of 08%
the result is showed in -
Fig.3-6. : i

ncreased countar rate region,

It can be know that even
under the influénce of

prefault load current, ] R
the algorithm still Ry \\\g

possessess a good *o

g;ziié?;;atlil;eaendd. a hé}g_;l; Figure 2 Relsy tripping charscteristic
operating speed is within 5ms under normal conditions(Fig3, 4)
and 7ms under an unfavorable condition(Fig5 ). '

o
e

) ! y .. i

M 00034 H

¥

B e e A Al e s Dol -
¢ o e ng N Y

(8) compensated current and voltage woveforms {b) Calculated line réactance and resistance

e

oo

]

. AN

oot

!
i

!

:’ (XD
|

!

TR e e (TR PR S g L DI RO .
. M X e e e

(c) Locus of calculated impedance in R-X plane (d) Relay counter

Figure 3 3-phase fault at 12.8km (10% of line length)
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400 1 l,‘ . ; ; H " -‘li -."‘ I
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! vof . ! N pose T o (B T
}E: ‘ “\ "/ . ; : T e et : Fy By S Y ) ‘,.f:.’- D IREE I Y~y rt] £ Y I-.. i T ..-f . Y SR Y SR - S Y prege )
R TR T e s e e em e e e d L i nd voltoge waveforms (b) Calculated line reactance and resistance
(b) Coleculated line resctance ond resistence (a) Compensated current s
(a) compensated current and voltage waveforms
.3 e e l
- ! - - }
" -~ » i
= oo |
.05} i
" a0} ».504 E
- o] . : - i
] ) - ’ . ! - i
.. et ; o 1
i «f- T l‘ :edﬂi- ..:nce.-ln S;:X ;;la;; T (d) Relay counter Lo:us of culculutcd mpednnce in R~X plane (d) Relny counter
() Locus of caleula rped;
Figure 4 Phase-phase fault (B-C) at 64km (50% of line length) Figure 6 Phase-A to earth fault at 120km (94% line length) y
6. Hardware design and real time simulation of digital relay
x As a high sampling
o] . ': { frequency (4kHZ) is signal ad~}——{ enalogue }— analogue —{12-bit A/D
- : employed, only 250us justment fitter,s/8] |multiplxer convertor
3/ " is available for A/D I I T
Y conversion, I
[ - ; ‘ calculation of R{k) display |- processing unit report
Lo A P e e N Y and X(k) and all trip unit No.0 unit
[ : P logic judgment. . T
- : o] H ' [ ] I | I 1
. ! B CRE e e R A parallel processing proce- proce- proce- pﬂivcv pr?ce- pr?ce-
T TR TR e e e . nd istance : ssing ssing ssing ssing ssing ssing
(a) Compensated current and voltage waveforms ¢b) Calculoted line resctance ond res harc.lware s'cheme is mit it it it it it
designed. Fig.7 shows Ho.1 Ho.2 Ho.3 Ho.4 Ho.5 No.6
P 5 ‘ . the block diagram. I T I T T T

- i v .
" o : Signal adjustment unit !
X adjusts and converts pracessing unit

H 7

; the power system -__’_ Ho :

oo i reclose
™ H voltages and current m

e

NN SR o signals to a proper Figure 7 Hardware design of the digital relay
N i voltage level. Through
N H analogue lowpass

antialiasing filters, the multiple channel signals. are sampled
and hold simultaneously by S/H unit. A high speed A/D convertor
with an analogue multiplexer converts the sampled signals
sequentially. Processing unit No.0 control the signal convert
units and transfer the digital data to processing unit No.1l to

(d) Relaoy counter

R I S TN IO

(c) Locus of calculated impedonce in R-X plane

Figure 5 Phase-A to earth fault at 92km (72% of line length)

7
8TH CEPSI SINGAPORE - 5 TO 9 NOVEMBER 1930

6
8TH CEPSI SINGAPORE - 5 TO 9 NOVEMBER 1930




3 3 llel. Processing
i lete the relay function in para . >
NO:i ;glghaggzﬁes +he overall responsibility of.log%c judgzzgg
igg timé delay functions. The relay Sittln%giggiggg\tgjifaother
i i unit through setting panel. ]
l20;2;§§ng units through interface, processing hNo.qt§i2{2nt22
iole of monitoring the relay setting pattern, the Sﬁ. ation of
other processing unit and the power .system 51g2§ e
through display unit. The processing %ﬁﬁt Ni;%/%agntzrface ted
t computer system through 1nte_ igen .
;gsilgﬁiputeg)can trake the place of display and report unit.

In the hardware scheme,: using parallel procesging ;gggigiﬁg
calculate different faults can reduca'i?e éﬁ:l}it?i %wpe ing
i i lassify .
for it is unnecegsary to ¢ the £
:Zi§ability of the relay can be improved significantly.

Real time simulation of the digita

1 relay has been done on an IBM

PC AT which has the same microprocessor as the target system. The

program is written in assemble 1

anguage with the objective of

cutting down the on-line processing time. Fig.8 shows the

flowchart of the digital. The

Cacvlale Sl Bl ot Iillnt
e e RSk

RETURN

POSITITE
SHUNT

Y
Caleulate R

input data produced by the

RETURN

Figure 8 The flowchart of the digitel relay
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transient waveform simulation are converted to integer type in
the main program. This will create the same processing
environment as the planned target hardware system. .When the
execution of the digital relay is completed, the counter within
the PC is read to give the exact processing time. The main

program then displays the relay output. Fig.9 shows the flowchart
of the main program. . .

——Rulay maln program — . g:;;::}{o:‘h:e::!}:z
I Load datas {Va,b,c; !n.b.c)l . {Call ASM refay function SUbfoutlne]

l

1 Calculate the corlatants ‘ .

I

1 Chango datas lype ]

|

Make the varibles and
constants public In ASM

L

Relurn

- [retayout=o] [ Relayout=1 |’

cotinter> Y
gauitime,
. N -

Figure 9 The flowchart of main program‘

3

The result of the real time simulation shows that all ‘the
required processing can be completed within 250 us based on a 4

kHz sampling rate. A typical processing time is 150 us on a 80286
CPU running at 12 MHz.

6. Conclusion

The finite transform algorithm possesses a strong filter function
even with a very short data window. The calculated impedance can
converge to its actual value rapidly and the on-line calculation
is small. The technique for discrete digital signal processing
largely reduces the real processing work.’

The simulation of fhe'algorithm proVéé that the felay.can operate
in an ultra-high-speed with high reliability and accuracy. The
real time simulation-shows that the calculation of resistance and

reactance and all the trip logic judgment can be completed within
one sampling interval.

The full digital approach greatly simplifies the hardware design
and standard hardware system can be used. All these features make

it very suitable to application.in distance protection scheme for
e.h.v transmission line.
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. ABSTRACT

Relaying with digital computer has been an attractive field of research for many
researchers since 1970's. Developments in digital processors have enabled
researchers to design complex relaying systems with a view to improvise the
protection of power system equipment. Simulation technique is one of the useful tools
in implementing and evaluating the performance. of the designed relays.” This paper
describes the usefulness of such a technique for designing and simulating a digital
relay for the protection of transmission lines. As distance relays are used for

protecting transmission lines, an approach described in the. paper is focused ‘on
simulating a digital distance relay. This paper proposes the simulation algorithm that

can be used for simulating a distance relay on the digital computer. The application
of the proposed algorithm is demonstrated by simulating the major functional
subsystems of a digital distance relay on VAX 8650 digital computer. The performance
of the simulated relay was evaluated using fault data obtained from transmission line
model and the Electro-Magnetic Transient Program (EMTP). Some results of the case
studies are reported in the paper.

- 1. INTRODUCTION

Relaying with digital computer has been an attractive field of research for many
researchers since 1970's. The initial approach of using a single digital computer for
the protection functions [1] has been discarded due to the recent developments in the
digital processors [2]. These developments have enabled researchers to design
complex relaying systems with a view to improvise the protection of power system
equipment. It is envisaged that future digital relays will be viable alternatives to the
electro-mechanical and solid-state relays. As distance relays are used for protecting
transmission lines, an approach described in the paper is focused on simulating a
digital distance relay. : .

Simulation is one of the useful techniques in evaluating the relay designs. This
paper describes the usefulness of such a technique in designing and-simulating a
digital relay for the protection of transmission lines. The functions of the proposed
simulation algorithm are also briefly explained.

1.1 Digital Distance Relay: A typical digital distance relay has several subsystems
with defined functions. The actual subsystems may have configuration that is different
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