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ABSTRACT

Along with the development of electric power system, large numbers of HV/EHV
transmission lines will come forth. The study of HV/EHV transmission line protection is
an insistent demand. This dissertation is devoted in .the study of composing a suit of
HV/EHV transmission line back-up protection with excellent performance. The
dissertation mainly concerns how to analyze and improve the earth-fault distance relay
operating characteristics.

A new digital simulation software package TRCP (Tape Resistance Characteristic
Program}) 1s developed in this work. Using MFC and VC+-6.0 as the developing platform,
TRCP 1s object-oriented and multithreading and it runs in windows operating svstem. A
novel method of static characteristic analysis for distance relay is used. In a distributed
parameter system model. the fault resistance is modified according to “the improved direct
principle”. The action of the distance relay is decided by the fault current and fault voltage
based on the steady state computation of EMTP-ATP. The fault place is changed orderly
after the crincal tape-resistant of one fault place is found. The tape-resistance
characteristic of this kind of distance relay is obtained when every fault place in the
system model 15 considered. The influence of chaﬁging svstem parameters such as source
impedance 1s studied. The simulation results show that this method is valid and has a great
application prospect.

The performance of some distance relays 1s analyzed on the condition of parallel line
and annular distributed lines by TRCP. The research shows that some distance relays have
a stable static characteristic such as the multi-phase compensated distance relay, the
quadrilateral characteristic distance relay and the fault component reactance relay while
others are susceptible to misoperation. In addition, improvement is discussed and a new
scheme for distance protection is put forward.

Finally, an integrated scheme for a suit of HV/EHV transmission line back-up

protection device is designed.
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H R,

134 MESTREA

MR R RZABFEEHELMEROME . SVTRENS. FE s
HEFESOHIMIRARTEER, W Fourier . Kalman M. B/ Rk,
AXNBESESHLES, XEFERETERNER. B, IIHNAKEETFLE
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HE " B 3 B B B SEAR PSR B 7S . K Fourier 54 B X R0 B IF RO BT - 3040488 77,
ERRIILLR, MAESRARNNATESRERENER. B2, BT Fourer ik
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#, FHWFWARRE T EMFENSETE LR &R S T B .
4 S4BT HHAH MFC (Microsoft Foundation Class Library) 1T #4LFF 8 T &
Microsoft Visual C++ 6.0 F & HIEE B 4% BB 88 /- B3k 44 TRCP. FEFFIZIT7E Windows
ERGF, AFEAEENKNAE, ATUSEROHT &Rk SRt E, teik. B
%ﬁ%%&Wﬁ%ﬁT%%ﬁﬁmﬂ




A P EEEEE Y
e ——i
5 XY JUFP e B 4 B AT T IR AR AR, RESEEE, EH TR
BRI — TSt 5 R

6 XENBT UL DSP AEHF AN —EBRERR P RENE LRI HE, %

ARBFRFEEEEX, RAFENE, ENELHBSTH HTHGHEITAREBHE
7.

T ENBSE

10




[ 4

A H X FHETFLRX

2 BREBERRSETRIENITAE

AFH @A BTAXERGLBENTH T %, FPHAERINFT LTS

MehF &k, FHRT AR FEORRERAARRGEAEHE,

21 ¥R

#ERP T, EREEBHTIERSEEI—NERESTHERS. TEBIT
F, FEERAUNEAREWEBRBHNTIERS. LXK —EEE— 23R4 H
BRI TR FAEREN, Z—NEMRASERNBERFMT. I —BUHEER
MEREHBRZI —NEFENTER. AEBIIERESTRNERTF N XE,
ARPNERERERAAPRNERE. TERNERSSERNMRER. W
ANBEMENEAFFEVINXR. FANZEE: RBMERZ,, EMEHRZ, (X
HHBMER, ), REGEMZ, . HH BHEEBLEm SRR A S SHETX—XTE.
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AEENBATP BAG R L, 3T B LR 500kV & SARN, A
M A B A BGFITRELKBETRA, FHEANFLEGH T —27H
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R

£ b A M K F M+ F A # X

EMTP-ATP RERT CH

BEGIN NEW DATA CASE

I e P S — —— — - —— -—— — A L Vo Sy AT A S . . . ———

C Generated by ATPDRA¥ +—H, E¥— 12, 2001
C A Bonneville Power Administration program
C Programmed by H K. HRdalen at SEfAS - NORWAY 1994-98

. . s o —. T— ———. T s b okl ok W S . S o S . — —

C ~ —_ —— —_

C Miscellaneous Data Card ....
C dT >< Tmax >< Xopt >< Copt >

1. E-5 -0. 1
1 i 0 1 1 0 0 1 0
C 1 2 3 4 5 6 7 8
C 345678901234567890123456789012345678901234567890123456785012345678901234567890
/BRANCH

C < n 1> n 2><refi>Xref2>CR >CL >CC >
C<n 1> n 2<efl><ref2> R > A >@X B >Leng>OO0

5IG1A  XI1A . 6394 3L 7777

52G1B  XIB . 1161 ~0. 02585 . 6394 317777

53¢1C  XIC . 1161 —0. 02585 . 1161 -0. 02585 . 6394 31. 7771
~1L0A  LIA .1948 5.4 .0051 15. 0O 0
-21.08 LIB .027 .86 .01! 15. 00 0
-3L0C  L1C 1948 1.8 .0051 15 0O 0
—4NOA  NIA 0
-5NOB  NI1B 0
—-6NOC  N1C 0
-1L1A L2A .1948 5.4 .0061 15. 0 O 0
-2L1B  L2B 027 .86 .011 15 0O 0
-3L1C  L2C .1948 1.8 .0051 15 00 0
~4N1A  N2A 0
~-BN1B  N2B 0
~6N1C  N2C 0
-1L2A  L3A .1948 5.4 .0051 15. 00 0
-2L2B L3B 027 .8 .011 15. 00 0
-3L2C L3C 1948 1.8 .0051 15. 0 O 0
-4N2A  N3A 0
-5N2B  N3B 0
-6N2C  N3C 0
-1L3A L4A .1948 5.4 .0051 15 00 0
-2L3B  L4B 027 .86 .011 15. 00 0
-3L3C  L4C .1948 1.8 .0051 15 00 0
-4N3A  N4A 0
-5N3B  N4B 0
-6N3C  N4C 0
-1L4A L5A .1948 5.4 ,0051 15. 00 0
-2L4B L5B .027 .86 .0l1 15. 00 0
-3L4C  L5C .1948 1.8 .0051 15 00O 0
-4N4A  NBA ]
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£ v F X "—'j’{' I v "-3‘1—’ 12 % X
-5N4B  N5B 0
~-B6N4C  N5C 0
~1L5A L6A . 1948 5.4 .0051 15. 00 0
-215B L6B . 027 .86 .011 15. 0 0 0
-3L5C LeC . 1948 1.8 . 0051 15. 00 0
—4N5A NGA 0
-5N5B NGB 0
—6N5C  N6C 0
-1L6A L7A 1948 5.4 .003] 15. 0 0 0
-2l6B L7B 027 .86 .01l 15. 0 0 0
-3L6C L7C . 1948 1.8 . 0051 15 0 0 0
-4N6A  N7A 0
-BN6B  N7B 0
—-6N6C  N7C 0
~-IL7A  LBA .1948 5.4 . 00351 i5. 00 0
-2L7B  L8B 027 .86 .01l 15. 00 0
-3L7C 1L8C . 1948 1.8 .005] 15. 00 0
-4N7A  NBA 0
-5N7B N8B 0
-6N7C  N8C 0
-1L8BA L9A . 1948 5.4 .0051 15. 00 0
-2188B L9B Q27 .B6 .01} 15. 0 0 0
-3L8C  L9C . 1948 1.8 . 0051 15. 00 0
~4NBA  NOA 0
-5NBE  NO9B 0
—6NBC  NYC 0
-1L9A L10A .1948 5.4 . 005! i5. 00 0
-2L9B L10B 027 .86 .01l 15. 0 0 0
-3L8C LI10C . 1948 1.8 .005] 15. 0 O 0
-4NGA  N10A 0
~5NSB  NIOB 0
-6N9C  N1OC 0
-1L10A L11A . 1948 5.4 . 0051 15. 0 0 0
-2L10B L11B 027 .86 .01l 15. 0 0 0
-3L10C LI11C . 1948 1.8 . 0051 i5. 0 0 0
-4N10A NI11A 0
-5N10B N11B 0
-6N10C NI11C 0
-1L11A L12A .1948 5.4 . 0051 1. 0 0 0
-2L11B L12B 027 .86 .01l 15. 0 0 0
-3L11C L12C . 1948 1.8 . 0051 15. 0 0 0
—4N]11A N12A 0
-5N11B Ni12B 0
-6N11C Ni2C 4
-10124 L13A L1848 5.4 . 0051 153. 0 0 0
-2L12B L13B 027 .86 .01l 15. 00 0
-3L12C L13C . 1948 1.8 . 0051 15. 00 0
-4N12A NI3A 4]
-5N12B NI13B 0
-6N12C N13C 0
-1L13A L14A 1948 5.4 .0051 15 00 0
-2L13B L14B L027 .86 .011 15. 0 0 0
-3L13C L14C .1048 1.8 .0051 15, 00 0
-4N13A N14A 0
-BN13B N14B 0
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-6N13C
—1L14A
-2L148
—-3L14C
-4N14A
—5N14B
—-6N14C
—-1L15A
—-2L15B
~3L15C
-4N15A
—-5N15B
-6N15C
~1L16A
-2L168
-3L16C
-4N16A
-bN16B
-6N16C
-1L17A
-2L178
-3L17C
-4N17A
-EN17B
~-6NI17C
-1L18A
~-2L18B
-3L18C
-4N1BA
-5N18B
-6N18C
-1L19A
-2L19B
-3L19C
-4N19A
—-aN19B
-6N19C
51624
52G2B
53G2C
51634
52638
53G3C
~1A0A
~2A0B
-3A0C
-1A1A
-2A\B
-3A1C
-1B0A
—2B0B
~3B0C
~1B1A
~2B1B
-3B1C

£ F M HKXF ML F LB

N14C
L15A
{158
L15C
N15A
N15B
N15C
L16A
L16B
116C
N16A
N16B
N16C
L17A
L17B
L17C
N17A
N17B
N17C
L18A
L188
L18C
N18A
N188B
NI18C
L19A
L19B
L19C
N19A
N19B
N19C
L20A
L208B
L20C
N20A
N20B
N20C
XZA
X2B
X2C
X34
X3B
X3C
AlA
AlB
AlC
AZA
A2B
A2C
BlA
BiB
BIC
B2A
B2B
B2C

. 1948
. 027
. 1948

. 1948

. 027

. 1948

. 1948

027

. 1948

. 1948

. 027

. 1948

. 1948

027

. 1948

. 1948

027

. 1948

. 6394
. 1161
. 1161
. 6394
. 1161
. 1161
. 1948

027

. 1948

027

. 1948

. 027

. 1948

. 027

5.4 .0051
.86 .01l
1.8 .0051

5.4 . 0051
.86 .01l
1.8 . 0051

5.4 . 005]
.86 .01l
1.8 . 005!

5.4 . 0051
.86 011
1.8 . 0051

5.4 . 0051
.86 .011
1.8 . 0051

5.4 . 0051
.86 .01l
1.8 . 0051

31. 7777
-0. 02585
—0. 02583

31. 7777
-0. 02585
-0. 02585

2.4 .0071]
.86 .0123

2.4 ,0071
.86 . 0123

2.4 , 0071
.88 . 0123

2.4 .0071
.86 ,0123

15.
15.
15.

15.
15.
15.

15.
15.
15,

15.

15.

15.
15.
15.

15.
15.
15.

. 6394
. 1161

. 6394
. 1161

60.
60.

60.
60.

60.
60.

60.
60.

00
040
00

00
00
00

00
o0
00

00
00
00

00
¢ 0
00

00
00
00

o - Y =, [ i Qi n- [ o B = = B B = i D - R e e Y e R v R e [ an Y v B e B e e B o= T e R e B e T e B e R e R o R e R e B o B . [ e O s B =

31. 7777

-0. 025685 . 6394 31. 7777

31, 7777

-0. 02585 . 6394 31, 7777

00
00

00
00

00
00

00
00

L e B o= R o B vue B o [ o Y e Y o QY e Y o B |
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-1B2A  B3A
-2B2B  B3B
-3B2C B3C
-1C3A C24
-2C3B (2B
-3C3C C2C
-1C2A  ClA
-2C2B C1B
-3C2C  CIC
-1C1A  COA
-2Cl1B  COB
-3C1C COC

% A B K F

TRANSFORMER

9999

1T41A T41C

2T424

TRANSFORMER T40A
1T41B T41A

2T428

TRANSFORMER T40A
IT41C T41B

2T42C
-1A2A  A3A
-2A2B  A3B
-3A2C A3C
NRB  NOB
NRC  NOC
NRA  NOA
SW0  SWl
/SKITCH
C<n 1> n
X1A LOA
X1B LOB
X1€C  LOC
X1A  KOA
X1B  KOB
Xi€C  KOC
L20A  X24A
L20B X2B
L20C X2C
K3A  X2A
KB X2B
KiC X2C
X2A  AOA
X2B AOB
X2C  AOC
X24 BOA
X2B BOB
X2C BOC
T42A B3A
T42B B3B
T42C B3C
T428 C3A
T42B C3B
T42C C3C

. 1948
. 027

. 1948
. 027

. 1948
Q27

. 1948
. 027

. 00071

. 406

. 1948
. 027

1.E-5
1. E-5
1. E-§
1. E-5

2.4 .
. 86

2.4
. 86

2.4
. 86

2.4
. 86

G071

. 0123

. 0071
. 0123

. 0071
. 0123

. 0071
. 0123

T40A

. 1672
89. 91

23.
318.

T40B

T40C

2.4 .007]
.86 . 0123

2>< Telose ><{Top/Tde >< le

OIS GGt o o

><VE/CLOP ><

e e e N N - I -JN = T I N R =S

1.

60.
60.

60.
60.

60.
60.

60.
60.

E12

00
00

¢ 0
00

00
00

00
o0

60. 00
60. 0 0

type

}

p—— ]
—

b

-

oy
&
M

o

o O C O 0 o m OO0 0O C OO O0OODD

QQEEQEQDEQQGQQQGDQQEGGGQ
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-~ =k 02w
P A X F M EF LB
COA  X3A -1. 3. 0
COB X3B -1. 5. 0
coC  X3C -1. 5. 0
AL X3A -~1. 5. 0
AR X3B -1 3. 0
A3C  X3C -1. 5. 0
KOA  NOA MEASURING 1
KOB NOB MEASURING 1
KOC  NOC MEASURING |
K3A  N20A MEASURING 1
K3B  N20B MEASURING 1
K3C N20C MEASURING ]
S¥1  NRC 1. 5. 0. 0
S¥1 NRB 1. 5. 0. 0
S¥1  NRA 1. 5. 0. 0
SK0 1. 5. 0. 0

/SOURCE

C omn [>2$< Ampl.  >< Freg. ><Phase/T0>< Al  ><¢  TI  >C TSTART >< TSTOP >

14G1A 0 408248.3 50, 60. -1 10.

14G1B 0 408248.3 50. -60. -1 10.

14GiC 0 408248.3 50. 180. -1. 10.

14G2A 0 408248.3 50. -1 10.

14G2B 0 408248.3 50. ~120. -1 10.

14G2C 0 408248.3 50. 120. ~1. 10.

14G3A 0 408248.3 20. 30. ~1. 10.

14G38 0 408248.3 50. ~90. -1 10.

14G3C 0 408248.3 a0. 150. -1, 10.

BLANK BRANCH

BLANK SWITCH -

BLANK SOURCE
NOA NOB NOC K3A K3B K3C GlA GIB GIC X1A XIB XIC T42A
T42B T42C T41A T41B T41C X3A X3B X3C G3A G3B G3C X2A X2B
X2C G2A G2B  G2C

BLANK OUTPUT

BLANK PLOT

BEGIN NEW DATA CASE

BLANK
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