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A Dynamic Simulation of Distance Relay Using EMTP MODELS

HoWEOA - BEBRTB 8T
(Jeong-Yong Heo - Chul-Hwan Kim - Sang-Min Yeo)

Abstract - Digital technology has advanced very significantly over the years both in terms of software tools and
hardware available. It is now applied extensively in many area of electrical engineering including protective relaying in
power systems. Digital relays based on digital technology have many advantages over the traditional analog relays. The
digital relay is able to do what is difficult or impossible in the analog relays. However, the complex algorithms
associated with the digital relays are difficult to test and verify in real time on real power systems. Although non
real-time simulators like PSCAD/EMTDC are employed to test the algorithms, such simulations have the disadvantage
that they cannot test the relay dynamically. Hence, real-time simulators like RTDS are used, but the latter needs large
space and it is very expensive.

This paper uses EMTP MODELS to simulate the power system and the distance relay. The distance relay algorithm
is constructed and the distance relay is interfaced with a test power system. The distance relays performance is then
assessed interactively under various fault types, fault distances and fault inception angles. The test results show that we
can simulate the distance relay effectively and we can examine the operation of the distance relay very closely including
debugging by using EMTP MODELS.
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Table 1 Specification of filter
passband cutoff 60Hz
frequency
stopband cutoff 360Hz
frequency
stopband attenuation > 28dB
sampling frequency 18000Hz(300 samples/cycle)
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Table 3 Data of line and Source

R [2/km] | L [2/km] | C [1F/km)
AR 0.3434 1.3158 0.0052
Mz
: AR | 0.13420 0.47650 0.0090
oA
A | 0.13420 0.47650 0.0090
M X ALE
= 4 §3te| ool
Table 4 Data of load
23 [ 2] £ 5[ pu] o9 E
Bus 1 273 +j 169 1.0 +j 062 0.8
Bus 2 273 +j 169 1.0 +j 062 08
Bus 3 273 + ] 169 1.0 + ] 0.62 0.8

2% 169 ZEAZA Bus 19 AlA7] A9 A
MODELSS] Ag Ad7] 24& dAs g Al AA7]9
Zone 39 3} %3l= Bus 2% Bus 3AbolelA mEAEs @
FEFEE AFHIMsI Ad7e T2 FHE ZAEA
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Table 5 Setting value of relay's zone

Hg | dFdx oA A4
(%) [2] [p.u] Al ZHs]
ZL . .
(M mEx) 100 | 33.55+j119.13 | 0.14+;0.50
Z
. j95. .11+50.40
( Zonel &) 80 | 26.84+j95.30 0.11+;0 0
Z
12 ,.26+j142. .17+50. .
( Zone2 Ael) 0 | 40.26+j142.95 | 0.17+j0.60 0.2
Z3
440 | 147.62+j524.1 0.63+j2.21 2
( Zone3 9<) 0| 14762452415 634
£ 6 AN MU
Table 6 Setting value of relay
AR g A3k
%set -648 [kV/s] -4.2 [p.u/s)
do
dr seti 3000 [deg/s]
Io_seT 205 [A] 0.055 [p.ul
L ser 80 [A] 0.213 [p.ul
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Table 7 Impedance for 3-line fault

0= 3 NE 1%
;‘3 R [{pul X [p.ul R [p.u] X [p.u]
110%6 0.182 0.590 0.181 0.590
120% 0.240 0.721 0.240 0.721
130% 0.304 0.841 0.304 0.841
140% 0.373 0.946 0.373 0.946
150% 0.441 1.035 0.441 1.035
160% 0.503 1.102 0.503 1.102
170% 0.550 1.141 0.550 1.141
180% 0.567 1.140 0567 1.140
190% 0.524 1.076 0.523 1.076
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Table 8 impedance for single line~to~ground fault

0 % 90x= 1%

;‘;‘} R {pul X [pu] R [pul X [p.u]
110% | 0171 0.605 0172 0.605
120% | 0225 0.755 0225 0.755
130% | 0288 0.897 0.288 0897
140% | 0.359 1.026 0.359 1.026
150% | 0434 1.139 0.434 1.139
160% | 0508 1.230 0507 1.230
170% | 0570 1.290 0571 1.290
180% |  0.604 1.303 0604 1.303
190% | 0568 1.229 0.568 1.229
N
L btﬁ?_a_c‘%'!crﬂ

110 120 130 140 150 160 170 180 190
Fault distance [%]

a3 26 1MX|EIDE S AI H2|-m A A
Fig. 26 Relationship between distance and impedance
for single line-to—-ground fault
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Table 9 Impedance for double line-to-ground fauit

0 % N 1F
i:j Rlpul | Xpul | RMpul | X [pul
110% 0.187 0.603 0.187 0.603
120% 0.257 0.745 0.257 0.745
130% 0.336 0.873 0.336 0.873
140% 0.421 0.985 0.421 0.985
150% 0.508 1.077 0.508 1.077
160%% 0.591 1.143 0.591 1.143
170% 0.658 1.177 0.658 1.177
180% 0.690 1.169 0.690 1.169
190% 0.648 1.099 0.648 1.099
1.4
1.2 o
3 /)—‘\'
% 0.8 R
g 04 P —
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Fig. 31 Relationship between distance and impedance
for double line-to-ground fault
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Table 10 Impedance for double line-to—line fault

0= 13 N 1F
;13 R [p.u] X [p.ul R [pul] X [p.u]
110% 0.181 0.590 0.181 0.5%0
120% 0.240 0.721 0.240 0.721
130% 0.304 0.841 0.304 0.841
140% 0.373 0.946 0.373 0.946
150% 0.441 1.035 0.441 1.035
160% 0.503 1.102 0.503 1.102
170% 0.550 1.141 0.550 1.141
180% 0.567 1.140 0.567 1.140
190% 0.524 1.076 0524 1.076
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Table 11 Minimum of voltage derivative for 3-line fault

A A3g9 Ha gk [pws]
;3 0x % 0= 1%
110% -24.212 -19.161
120% -20.776 -15.232
130% ~17.762 -13.520
140% -15.948 -12.499
150% -14.732 -11.64
160% -13.901 -10.889
170% -13.288 -10.295
I 180% -13.191 -10.171
190% -13.840 -11.036
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