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Relay Model:

e Relay Settings

Instantaneous Overcurrent Elements (secondary Amps, again leave off units) for zero sequence (ground) and negative
sequence (designated with a Q). elements. These numbers are just made up so don't base your answers on these. Use
magnitudes from the phase A components.

Enable the relay elements you want to use (I means enabled, 0 means disabled)

Relay 1 Relay 1 Directional Elements Relay 1 Quad Distance Elements
ESOP1 rl:=1  ESOP2rl:=1

E32P r1 =1 E2lquadPl_rl:=1 E21quadP2 rl =1
E50Q1 r1:=1 E50Q2 rl:=1 E32Q r1:=1 BE21quadGl_rl =1 E21quadG2_rl =1
E50G1 r1:=1 E50G2_rl =1 E32G_rl =1

Relay Pickup Settings (Relay 1 Overcurrent Settings. Phase element will overreach on 3 phase
underreach on D on level 2.

fault on level 1 and

Level 1 _50P_rl:= 0.5 Level 2 50P_rl:= 0.5

Level 1 50Q_r1:=0.5 Level 2 50Q_rl:=0.5

Level 1 _50G_rl = 0.5 Level 2_50G_rl = 0.5

Directional element settings for Relay 1 Quantities requiring setting have a green background

ce and angle Settings

Z0 = 3-Z1 e Change to match this system

ZTANG := arg(Z1) MTA = Z1ANG

70 —
kg = ow.NwH |io| = 0-6667 arg(kg) = 0-deg
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Level 2 Time Delays Define cycles:= 1

HU%!Z := Scycles

HUQOl: := Scycles
HU&OFZ := 5-cycles

e Relay Element Pick Up Logic

Initialize Relay Element Terms (use 12 and 10, not 3*12 and 3*10)
LevellQ_rl_pu_:= 0 Level2Q_rl_pu = 0

LevellG_rl_pu_ = 0 Level2G_rl _pu = 0

LevellP_rl _pu = 0 Level2P 1l _pu = 0

Relay 2 pickup logic and trip equations:

Negative sequence element (modified to latch and stay one, no drop out for now)

LevellQ rl_pu = |1 if _$N|:<_ > Level 1 50Q_rl Level2Q rl_pu := |1 if _H>N|1<_ > Level 2 50Q_rl
1 if LevellQ_rl_pu__, >0.01 1 if Level2Q_rl_pu _, > 0.01
0 otherwise 0 otherwise

—

Ground (zero sequence) element (using calculated instead of measured currents):

LevellG_rl_pu := |1 if 3 _$ 14_ > Level 1_50G_rl Level2G_rl_pu := |1 if 3 T>o|1<_ > Level 2 50G_rl

1G rl_pu_ . =001 1 if Level2G rl_pu__ . >0.01

- v—1"— v—=1"

0 otherwise otherwise




LS /724

ﬁmom 526 Session 17; Page m:ﬂ

Phase current element (phase A or phase B or Phase C exceed pickup)

LevellP_rl _pu = 1 if _H>Ilowx<d >Level 1_50P_rl Level2P_rl _pu = 1 if _H>lio®x<_ > Level 2 50P_rl
1 if __Hw|lowx<_ >TLevel 1 50P_rl 1 if _dwllowx/\_ >Level 2 50P_rl
1 if -Hou:@f_ >TLevel 1 50P rl 1 if _Hoﬁoﬁﬁ_ > Level 2 50P rl
1 if LevellP_rl_pu__, > 0.01 1 if Level2P_rl _pu 4 > 0.01
0 otherwise 0 otherwise

Negative Sequence Directional Element

egative Sequence Current (as a percentage of I1) to Enable Directional Element.

efault setting (set this to block false tripping on load current)

old (set at 0.5*Zjine)

Default setting--captures most negative values

Negative sequence and Zero sequence directional elements

Calculate negative sequence impedance and zero sequence impedance

j-MTA
?TKIZ ||1A2_r1 .f.o_ v% st e . .
22A 11 = v v Avoid divide by 0 ZgoURCE2 = 0-5 +°5

:Hﬁlf_% +.00001
ZnemoTE = 3(1 +310)
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40 T T

30

on
22A 11, 2.

T

- _Nmocwomw_ 10

HNM.mZOHm_ ! I|_.K

-20

F32Qrl = Z2A 1l < ZyForward

Zone 1 ame=Zone 2 Quad Settings:

Percentage of line length

Multiples Xset

Xp 71 = Kset |z1] Xp_z1 = 112641

Rp 71 = Reet XA 71 Ry 71 = 225282

15
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Relay responses Local Relay Remote Relay
1.5 T T 1.5 T T
1 1 1 -
TR_rl, TR 12,
0.5 H 0.5 -
0 1 1 0 1 1
0 5 10 0 5 10
v v
RS RS

(2) Direct Underreaching T vansfer Trip (DUTT) Scheme

Communication Time delay:  Tpgjcomm = -Scyeles (Do notchange the TpelComm

B il value )

Transmitted Signals

Hw&osﬁlwf\ = Ammogii A hm/\o:HuIlI@c/\ v E50Q1_rl A ho<o:OIZ|©:< v B50G1_rl A ho<o:QIZIHE<V A Aho/\m:UHulllusz\ v ho<o:UQl:|wz<v

TX rl := TRzonel rl
— v - v

HWNosoHIQJ = Ammoflaw A LevellP_12_pu v ES0Q1_r2 A LevellQ_r2 pu_ Vv E50G1 12 A LevellG_r2 Iw:@ A Aho/\m:leam _pu, Vv LevellDG_r2 |@¢<v

TX r2 := TRzonel r2
- Vv -V
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ECE 526: Lecture 18
Mutually Coupled Trasmission Lines
Line 1 i
500KV Line 2 Line 1:  Height at tower = 761t
500kV Heigth at midspan = 33 ft
" Horizontal spacing between adjacent phases = 39 ft
: Number of conductrs per bundle = 4, positioned as shown above
“._..“ Bundle spacing = 18 inches
Conductor outside diameter = 0.95mn
DC Resistance = 0.15 ohm/mile
Conductor GMR = 0.3876 in
Line 2:  Height at tower = 771t
P u— —> Heigth at midspan = 33 ft
135ft Horizontal spacing between adjacent phases = 35 ft
Number of conductors per bundle = 4, positioned as shown above
Bundle spacing = 18 inches
%& Conductor outside diameter = 1.0in
DC Resistance = 0.145 ohm/mile
AP ffb. 974‘—) Conductor GMR = 0.4260 in f«
w = 2-7-60Hz L § \3 v
4 _1o0ohm 2 ~ 5 mi /Q’QQ
Ror = 3.13788-10 "—— ZoL1 = 6.2432510 ohm voL1 == 1.16996-10" —
mi sec
—poh
Ry = 3.80767-10 2= 7111 = 2.55078-10%hm  vip1 = 1.81237: 105 M @u o@
¢ mi . sec
ZoL1 mH ohm
LoL1 = Lori = 5.34— Xor1 = w-LoL1 Xor1 = 2.01 —
VoL1 mi mi

Zero
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_1oh i
Rorp = 312514107 ' 2% Zgpo = 636413 10%0hm Vs = LITEI21E —
mi sec
—2o0h mi
Rypp = 3.68373-10 220 Zypp = 2.48432.10%0hm g = 1.81545:10° —
mi sec
ZoL2 mH ohm
Lorp = —— Logrs = Sh4=—— Xor2 == w-Lor2 Xorp = 2.04——
VoL2 mi mi
Z112 mH ohm
Lirp = —— Lirp = 1.37— Xir2 = wLira X2 = 0.52——
CHHLN I i ———— mi
{ Z1o1 = ‘Nmﬂa.ﬁfﬁw +_..vath _NWB_ = 38.79Q) mﬂmANbgv =

\

7101 = (2.76 + 38.691)

Z190 = 75mi-(Rora + i Xor2) |ZLa0| = 154520

\

\

Z120 = ANw.Ab + 152.741) £

amANSov = 81.28deg

1 nF
Croo = 13.34—
mi

Cra0 =
Zor2-VoL2

1 nF
Croq = 22.17—
mi

Cro1 =
Z112°V1L2
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Lip; = ”“ Lip = T:.HWW Xip1 = w-Lir XLt = o.mwwblw% OQW
Zr11 = 75mi-(Rip1 + #XiL1) |ZL11| =39.9Q arg(ZL11) = 85.9deg y
Zr11 = (2.86 +39.791) Q m V }‘
Z11o = 75mi-(RoL1 +j-XoL1) |Z11o| = 15270 arg(Zy10) = 81.13deg
| S

Fl// Z110 = (23.53 + 150.88i)
1 L nkF -
CLio=—-—"— Crio=13.69— \d\z%
ZoL1'VOL1 mi | /
1 nF s r/

CLil =—m—m—— Cii1 = 21.63—
Z111-V1L1 mi

4 5 H.%.Soamm

Apip=1|1 a a

1 a mw )Wo

Zrig 00 975+ 76.821 6.89 +37.031 6.89 +37.03i
Aol 0 Zrii O |Agn ' =|689+37.03i 9.75+76.82i 6.89+37.03i |Q
0 0 Zin 6.89 +37.031 6.89+37.031 9.75+ 76.82i
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Ziao 0 0 9.65+76.71i 6.89 +38.01i 6.89 +38.01i
Aoyl 0 Zrar 0 |-Ag ' =|689+3801i 9.65+7671i 6.89+38.01i |
0 0 Z 6.89 +38.01i 6.89 +38.01i 9.65+76.71i
B2t m \en -“ " &7 ¢
Instead look at an impedance matrix ﬂ
_1oh _oh _5o0h
Ry = 129979479107 ' 2 Ry = 9.19386417-10 20hm g = 9.18428814.107 2 2
HHMH mi mi
_ 16k _5oh
Ry = 129989556-107 122 Ry = 9.19411392107 °= =
mi mi
_1o0h
Rys = 1.29985199-107 ' ——
mi %
_ _2 ohm _ _» ohm b ﬂa d
Ryr = 916141000107 2 Ry = 9.14361176:107 —— g 0. 12265750- 16~ 2 O ﬁcva
Rur = 0.17738283-107 22 Ry, := 916319655 1o~ 2 ohm g ghm (/
42 = 7 . o 52 =7 . e R¢y = 9.14572289-10 —
—2 ohm —2 ohm
- 2 ohm — o2 ohm _5o0h
Ris = 0.18038458: 107220 Rey = 917863511107~ R 9.16480167-10 > oBMz
) — 1 ohm . _2 ohm h
Rus o= 128733219-107 12 Rsq = 919256281107 25 g, o.18387541. 10~ 2 05
R = 128739963107 1 22 3 e
i = . mi Res = 9.19232488-10 "—
mi
—1o0hm

Re = 1.28727867-107 " ——
mi




LAY

\'2/74

ECE 526:
Protection of Power Systems II

Sessiofl 18; Page 5/12
Spring 2017

—
Ri1 Ra1 Rai
Ry1 Rox R3p
R31 R32 Ras
R41 R4z Raz
Rs1 Rs2 Rs3
Re1 Rez2 Re3
11 10
1 N a 0
1 a mm 0
Ap12012 = 00 01
0 0 01
0 0 01

-1
Ro12012 := Ao12012  -RABC6 A012012
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—NO.\— r
. -5 : -5 -5 . -5
03] 194% 10 °—2.89ix 107> —1.94x 10" ° +2.89ix 10 0.27
_1.94%10"° +2.89ix 10°° 0.04 ﬂo Ly 31x10°° +5.4ix107° |—2.73x 107 7 —1.34ix 10~
~194x 1070 -2.89ix 1072 3.1x107° - 5.4ix 107" 0.04 ‘Nﬂt 273%x 1074+ 134ix 10”
Ro12012 =T .\L D L m—— . s
0 73x 10° Y+ 134ix 1074 —2.73x 107 = 1.34ix 10 ~ 0.31 .NOP.F _139% 107 ° —
590 % T o lix 1074 356x107°+1.00ix 1078 1.74x107°+3.04ix 107> L1139%107° +2.86ix 10 Rl
290x 10- 4 C 151ix 1074 1741075 —3.04ix 107> 3.56x 107> —1.09ix 10> H1.39x 107> —2.86ix 10~
R = R 004 Ry
OHNOHNO 0 - OHNOHMHL = U. - OHNOHMN,
h Fin
Ror; = 0.31°— Ripi = 0.04 - z
mi mi
i Ty h ﬂf\s
onm onm onm
Rono12, 5 = 031—— Rorao1z, , = 004~ Rorao1a, , = 0.04—— N
“ v [\ns2
i hm
Ripn = 0.0hol.l Ror2 = 0.31 oII
mi mi &
_10hm
hm _ 1 ohm — . 10
Xqq = 1.02430601-10° 2 Xy = 5.21713900-107 ' 2 X31 1= 4.37682902:10 " —
mi WNH —1ohm
Ty = LOBETIRSLS X3 1= 521705261107 ' —
BH
T
X33 = 1.02428625-100 22—

mi

Session 18; Page 6/12
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L51ix 107 229%x107 %+ 1.51ix 10~
L09ix107%  1.74x107° 1+ 3.04ix 10~ 5
3.04ix 107> 3.56x 107> 1 1.09ix 10~ 2
2.86ix 107> ~139x 107>+ 2.86ix 10~
1 271x107° +4.67ix 10
1.67ix 107° 0.04

R

ohm
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3.40453547.10” L 20
mi
_1oh
3.71178954-107 1 228
mi
4.12487971.10” 1 220
mi
— 1 ohm
5.34854435.10 1 20
mi1
h
1.02271637-10° 22
mi

X1
X62
X63

X4

0.53

X41 = 3.67640784-107 | oﬂu Xs1 =

Xy = 4.07535221-10° Hﬁlﬂ_s Ky =

X3 = 4.67440498.10" L 2P Xs3 =

mi
X4 = 1.02273992-10° 220 Xsy =
mi

Xs5 1=

X1 X1 X31 X41 Xs1

Xo1 X2 X3 X42 X5

. X31 X32 X33 Xa3 Xs3

FABCS = X411 Xgp X3 Xygq Xsq

Xs1 Xsp Xs3 Xsq4 Xss

Xe1 Xe62 Xe3 Xea Xes

/ﬁO/\/ TS001 —0.01-0.02

—0.01 + 0.021 0.5

—0.01 —0.021 0.03 —0.051

o012 = = —0.05 + 0.041
0.05+0.031 —0.01 +01

0.05-0.031 -0.01 +0.011

L

oMW~ X
: %’/“H\O %

—0.05 - 0.041 2.04
—0.01 - 0.01i §-0.01 +0.021
-0.01-01 §0.01-0.021

.
ch/,J g

0.03 —0.051

_1oh
Xep = 3.18287796.10° - 22
mi
_1oh
Xgy = 3.43271137.107 1 222
mi
_1oh
Xg3 = 3.74828601.107 1 222
mi
_1 ohm
Xeq = 4.50842663-10 1 2
mi
_1oh
Xgs = 53486248210 1 28
mi
0 ohm
Xee = 1.02275801-10° =
mi

0.05 + 0.031
—0.01 - 0.014

- 01

0.52 0.03 + 0.051

0.52
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7000

-5000+

-8000 ; ; 1 , '
0.00 0.03 0.06 0.09 0.12 0.15

(file MutualCoupling.pl4; x-var t) c:VS500A-S5001A  c:VS500B-850018  ¢:VS500C-85001C

C:VS500A-S5002A  c:VS500B-85002B  ¢:VS500C-85002C

500 kV line currents
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ohm ohm ohm ohm ohm
NSNSNO 5= 201 —— Xp12012, , = 0.53 —— Xo12012, , = 0.53 —— Xor1 = 2.01 — X1 = 0.53—
y mi L1 mi 2,2 mi mi mi
ohm _ ohm ohm ohm ohm
Xo012012, , = 2.04—— Xop12012, , = 0.52—— Xo12012, . = 0.52—— X2 =0352——  Xorp = 2.04——
3,3 mi 4,4 mi e mi mi mi

Now for the zero sequence mutual coupling:

ohm

Znyo = Ro12012 0 +_..No§:~w 0 Znvo = (0.27 + 1.131) =

3,

Case 1: Add a third line: Nran
—— y VS345

= SE345 » TX345

— R1500 L1500

= A
-

R1500 L2500
g PN

1

Fault Lo “8’(




LI

23/

ECE 526:
Protection of Power Systems IT

Session 18; Pdge 10/12
Spring 2017

345 kV line current (unloaded prefault)

2500

1875+ %ﬂ
1250 ’
625+ %ﬂ““ﬂg

i 0"
-625-
-1250 /Q Q«P_ — _ ﬂ
1875 %‘v
-2500 ; _ " _ ; . ;
0.00 0.03 0.06 0.09 0.12 0.15
(file MutualCoupling.pl4; x-var t) c:VS345A-SE345A  c:VS345B-SE345B  c:VS345C-SE345C
e Now the system with 2 parallel lines:
R1500 L1500
L ViS00, s5007 Lcc e LcC ¥ ==
1] ﬁv % i 5, = \_.uvm‘. \f
T I N i et
25. mi 25. mi 25. mi
o R1500 L2500
Fault _ i re _.wﬁHF_v.m.

D\l.\/pkull
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