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4

ECTTERM Enable the Following Current Terminals

e

SU Select: Combination of S, T, U, W, X or OFF

3
EPTTERM Enable the Folloving Voltage Termingls ki m PT g
v Select: Combination ofV, Z or OFF

AT

57 ndude the Follwng Termnal 1 the ffcentel Eement i
su Selct: Coination of S, T r OFF 54 }EH

gz

 HfaAl

EREF Enable the Following Number of Restricted Earth Fault Elements

1 v Se‘e:t N 13

ES0 Enable Defiite Time Overcurrent Elements for the Following Terminals

5U Select: Combination of S, U or OFF

E51 Enable the Following Number of Inverse Time Overcurrent Elements
2 w Select: N, 1-10

E4 Enable Current Unbalance Elements for the Following Tei

OFF Select: Combination of S, U or OFF

59 Enable th Follwing Number o Overvotege Elements

] ¥ seect N, 15

E27 Enable the Following Number of Undervoltage Elements
n v Select N, 15

EB1 Enable the Fallowing Number of Over/Under Frequency Elements
1 w Select: N, 1-6

"
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B 17 sk ® FFE
(Z))R#EZTFCT Eox T

Current Transformer Data

CTRS Current Transformer Ratio For Termingl &
80 Rang;

Sea(Th s s

CTCONS Current Transformer Connection For Terminal
[y ¥ selet:Y, 0
A |

Ispmcngs

CTRT Current Tranformer Ratio For Terming| T
80 Range = 1 to 50000

CTCONT Current Transformer Connection For Terminal T
Y v Select:Y,D

TR Curent mnﬁomw lalTp ki e
400 Range =

CTCONU Current Transformer Connection For Terminal U
v 'J Select: Y, D

. 017

CTRY1 Current Transformer Ratio for Terminal Y, Channel L
20 Range = 1 to 50000 } 4 )‘%

(TR %%

CTRY2 Current Transformer Ratio for Terminal Y, Channel 2
Range = 1 to 50000

CTRY3 Current Transformer Ratio for Terminal Y, Channel 3
100 Range =110 50000
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Potential Transformer Data

( AL
FTRV Fotental Transformer Ratiofor Tam\%
6000 Range = 1.0to 10000.0

FTCOK Potential Transformer Connection For Terminal V.
Sele: Y, D

PTCOMPY Potenti Transformer Compensation Angle for Terminal V (degrees)
0.00 Range =-179.99 to 180,00

VNOMY Potential Tranformer Nominal Line-to-Line Voltage For Terminal V (V,sec)
115 Range =30 to 300

Differential Element Configuration a1

1COM Intenal CT Connection Matrix Compensation Enabled
v Ject: Y, N

TSCTC Terminal § CT Connection Compensation
2 Range =0to 12

TTCTC Terminal T CT Connection Compensation
R Range =010 12

TUCTC Terminal U CT Comnection Compensation
Rerge=0to 12

B 19 R T APT
%aiﬁ
(z) R AL

MVA Enter Transformer Maximum MYA Rating (MVA)
25 Range = 1 to 5000, OFF

VTERMS Terminal § Line-to-Line Valtage (kV)
69.00 Range = 1.00 to 1000.00

TAPS Terminal S Current Tap (A,sec)
261 Range = 0.50 to 175.00
VTERMT Terminal T Line-to-Line Voltage (kv)
Range = 1.00 to 1000,00

69.00

TAFT Terminal T Current Tap (A,sec)

261 Range = 0.50 to 175.00

VTERMU Terminal U Line-to-Line Voltage (kv)

1195 Range = 1.00 to 1000.00

A-Y (89.7.3100A)
C1—i 15/20/25MVA
750 \  Z=8.94%
400/5 v

51,50:4/0.13,C1
51N.50N:0.5/0.05.C1,10A

,30A

87T:SEL487E:087P=0.3pu,S1=15%,S2=
U87P=10pu,PCT2=15

(p:400/5, s5:2000/5)

NCT:1000/5

512:2/0.4,C1

&l 20

Inverse Time Overcurrent Element 01

T %i%
uEPE R

43

Wt

iy

% ffa fi m :&a

HAO N

i fd0 g

087P Differertial Element Operating Current Fickup (p.u.)
030 Range =0.10to 4.00

SLP1 Slape 1 Setting (%)
1500 Range =5.00 to $0.00

SLP2 Slopa 2 Setting (%)
30.00 Range =500 to 0.0

U87P Unrestrained Element Current Pickup (p.u.)
10.00 Range = 1.00 to 20.00

DIOPR Incremental Operate Current Fickup (p.u.)
120 Range =0.10to 10,00

DRTR Incremental Restraint Current Pickup (p.u.)
12 Range =0.10 to 10.00

E§7H3 Enable Harmonic Blocking Differential Element
[V v Select:Y N

EG7HR Enable Harmoric Restraint Differential Elament
N v Select:Y, N

PCT2 Second-Harmenic Percantage (% of fundamental)
15 Range =5to 100, OFF

30%

R 3
L

Inverse Time Overcurrent Element 02

Tnverse Time Overcurrent Flement 01 Tnverse Time Overcurrent Eement 02
51001 Ivese Time Overcamen: Eemert (. Oerste Quanty 51002 merse Time Overcurent Element 02 Operate Quariy
s J05M

1P rse Time Overurtert Elarent 01 Pickup Vae (SELage)
000000 # =R CNBINED 59 3L UNCTION

10T verse T Qvrcurant Ekement 1 Cune Selcin
o v Seect: U5, 05

STTO0L Imerse Tme Cvercurent Hemen 0L Tine Dal (SLeg )
030000

SIRSUL Inverse T me Cvercurent Hemen: 0L Secromedanca Rest Eable

\ v Select: Y, M

SITCON Iverse Tme CvercurrentEeren: 0L Torgue Conil (SELogie)

Rl 21

L RREBRET L

Fk T A

SIPO2 Irverse Time Overcurent Element 02 Pckup Vlle (SELogic)
(.500000 # FOR COMBNED 63 SN FUNCTION

S1C02 ‘verse Tme Overcurrent ement 02 Curve Selectin
o v | Select: UL-LS, C1-C5

SLTDN2 mersa Time Oercarren Element 02 Time Dil (SELogie)
(050000

SIRS2 Ivers Time Overcrrent Eement 02 Eeromechanca Reset Enable
¥ | Skt

SLTCO2 Imersa Time Oercarrent Element 02 Torque Contol (SELogc)
1

LAE PR (51/51N) 3K 2]

STARA R B A
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(7 ) 3l T B IR R R R

Overcurrent Elements Terminal §  Terminal S Phase Overcurrent Eleme

‘Terminal § Phase Overcurrent Element Level 1

Overure lements Teral SOSPLP Phase Instantaneous Overcurrnt Pickup Level 1 (45¢c)
ES0S Enable the Type of Overcurrent Eements fo Termina S 3000 Range =0.25 to 100.00, OFF
pe Select: Combination of P, Q, 6

67SPLTC Phase Instantaneous Overcurrent Level 1 Torque Control (SELogic)
1

E67S Enable Diretonal Elements
675P1D Phase Instantaneous Overcurrent Level 1 Delay (cy)

1 v/ Select: Y, N 0.00 Range =0.00 to 16000.00

Terminal S Zero-Seq Overcurrent Ele
Terminal § Zero-Seq Overcurrent Element Level 1

SOSGLP Zero-Seq Inst 0/C Pckup Level 1 (&5ec)
1000 Range = 0.25 to 100,00, OFF

67SGLTC Zero-Seq Inst 0/C Lvl 1 Torque Control (SELogic)
1

675G1D Zero-Seq Inst O/C Level 1 Delay (cye)
0.00 Range = 0.00to 16000.00

Bl 22 3 T FE on B P (S0/50N) K T
(= )R AP LB
T

REF50P1 REF (50F) Operate Current Instantaneous Overcurrent 1 Pickup (A, sec)
OFF Range = 0.25 to 100.00, OFF

REFS50D1 REF Instantaneous Overcurrent Element 1 Time Delay (cyc)
0.00 Range = 0.00 to 16000.00

REFS51P1 REF (51P) Operate Current Inverse Time Overcurrent Element 1 Pickup (A,
2.00 Range = 0.25 to 16.00, OFF

REF51C1 REF Inverse Time Overcurrent Element 1 Curve
C1 w | Select: U1-U5, C1-C5

RF51TD1 REF Inverse Time Overcurrent Element 1 Time Dial Sefting
040 Range = 0.05 to 1.00

RF51RS1 REF Inverse Time Overcurrent Element 1 Electromechanical Reset
¥ - | Select: Y, N

RF51TC1 REF Inverse Time Overcurrent Element 1 Torque Control Equation (SELogic
1

F123  FET A PLBARS ER
(512)3% Z_B)

(M) B T B S 2 238

81 Elements

81 Elements
81UVSP Under/Over Frequency Element Minimum Supervision Voltage (V,sec)
40.00 Range = 20.00 to 200.00

81D1P Level 1 Under/Over Freq. Element Pickup (Hz 8101D Level 1 Under/Over Freq.
59.20 Range = 40.01 to 69.99 0.10 Range = 0.04

'—\ RARBARIEASELTRAAEME CRRERE -
. BRI HARTARE ) AR THEERE -

Group 1/Set 1/81 Elements:

’_ ~ Paramefer Setting

81UVSP 4000V > 8485V |

84.851/1.5// 2 = 40V
Bl 24 RRE R AR A L ORI
e

S FOOKV F A RBERETANHE S S TR o F A S

(1) i T AL
087 TEST

B BB T
087 TEST

Trip Logic Trip Logic

Trip Logic Trip Logic
TRYFUR Trip Condion()for Tranformer Terminas SElogic)
(§7R OR &70) A ALTOL OR [REFSLTL OR REFS1T2) AKD PLTOR OR (3081 OR S0S51)

TRAFR Trp Condon()for Transormer Terminal (SELogi)
() A LT O (EFSLTL OR REFSLT2) AND PLTO O (SLSPLOR 50551

ULTYENR Uiate Trp Condiion(s) fo Transformer Termindls (SELogic)
NOT (67R 0R 87U OR REFSITA OR REFSLT2 OR S05P1 OR 50561)

ULTXEM. Unath Tip Condton) for Trensformer Terminl (SLogk)
NOT (87 0% REFSLTA OR REFSIT2 OR 0P 08 SU861)

Trip Logic SLOP1 ~ SLOP2 Ada i) 3k
Trip Logic
TRUFMR Trp Condiions T Terminals (SELogic)
() AYD PLTO1 OR (REFSIT OR REFSITZ) AND PLTO2 OR (SO5P1 OR 5OSG1)

Trip Logic SLOPI ~ SLOP2 Bia 3% ‘

Trip Logic
TRYEMR Trip Cond ransformer Terminals (SELogic)
() AD PLTOL OR (REFSLTL OR REFSLT2) AND PLT02 OR (S0SP1L OR 50S61)

Trip Logic SLOPI ~ SLOP2 C#a iz, ‘

Trip Logic
TRYEMR Tri i Transformer Terminals (SELogic)
AND PLTO1 OR (REFS1T1 OR REFSLT2) AND PLT02 OR (S0SF1 OR 50561)

Bl 25 R T FE s BEX TR
0~ R A i R
-~ RERERE

FEEH P AT R R F A AR RAR
A o N ARF I fi FiELHE > H]E
Rt R R 0 G RHRBIZ T A
Feme A o o BT 2B RE
B A %o B A%4F 0 AT @292 §/S BR
BE AR R R Y RATHE 2 Megger
SMRT36 P& ik B » H *t LAc ] 26 #7151 -
Megger & B £ 3.5kg s L H o RN R R
E(ISA £ 18kg -~ Double £ 22kg)if iz -
Flt A E R (A o TS N
L PC A4 5 e wEiT ox H
R s 60A BH B Ry HRE
[3] -

L%
W

Bl 26 Megger SMRT36 7 Fpli k B
H L]

s ¢ & 7] 438
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~ SEL-487E i3 T A iy ~ % {8
B3%[2]MEGGER £ ISA 7
* MEGGER ¥ 113k LR it & 5 )
FU A L HEE R pE R RIPIARE
2 o
SEL-487E 50/51 &% % %_%
Tap/Level= 51:4/0.13(C1) » 50:30A -

F 2. Rute
4

s B

F L7

- ) SEL: Al C1- IEC Stancerd i
S  ABTrgTes e
Tt | Tt | Gewe | Vi | Teoet | daim | Psy
N | Coentp) | Tnels | Tmels| Tmels| Tmel |
! w o om w w(s
) o owe| o] owfhs
§ I
i Al o o :usl 060 s
0 w| | w :um[ nuaz|ms

Bl 27 T F50/51 # i BAERE R
(=) %3 7 FS0N/SIN # g Plas
SEL-487E 50N/51N & % % Z_3
Tap/Level= 51N:0.5/0.05(C1) -

SON:10A -

SEL:Al: C1-IEC Standard Imerse

Euo

C-N Timing Test

Test Test Operate | Minimum | Theoretcal | Masimum Passl
Wl | Current(A) |~ Time(s) [ Time (s | Time (s) [ Timels) | Fal

? 10 082 061 050 0562 | Pass

3 15 03] 023 0318 0.47{ Pass Hﬁ{‘

§ b 128 1% 024 0285 Pass

1§ LE] " 014 oS 0127 Pass §;$
a 100 00%| o 00% 0033 Pass i

B 28 ¢ F 50N/51N # it ByEp| &
(Z) BT AS1Z # 5 B
SEL-487E 51Z &% % % %
Tap/Level=2/0.4(C1) -

So0 STl

Test Test | Overae | Mininum | Theoretcal | Mesimum
Malgle | Curent(d) | Time(s) | Time (5) | Time (s) | Time(s)

SEL:Al: C1- EC Standard |

I wl e | we s
i W ow ml m|  amps
] oo ol o o] e

Bl 29 SEL-487E &£ T F S1Z 7 v &
TIPS 5% R
(%) ‘ELPE;E %P /ﬁ‘:lh'v# | 7 5 iP f—k‘

?"ﬁ_ﬁgg g_—:,]43;[p = X 69KV & kL

1RRERETHSE S
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Ay
Wi

SEL-487E it drd|s i % 2
B RPIA AR L 60HZ/3.9A~ = =
120HZ / 0.587A -

MR B A AR L 60HZ/52A~ = itk %
120HZ / 0.78A -

bk

1l
ETIAS

LEESRE:
CTRS 80 [CTCONS 'y |ICON vy |[TSCTC. 13 | TAPS 261 |VIERMS & [ O87P 03
CTRT 400 [CTCONT 'y | MVA 25 |TTCTC. 1 | TAPT app |VTERMT 1195 [ SLPL | 15
CTRU | 400 (CTCONU 'y | PCT2 15 |TUCTC. 1 | TAPU 30 TERMU 1185 | SLP2 = 3
CTRW . 400 [TCONW 'y |[E87HB Yy |TWCTC 1 |[TAPW 302 NTERMW 1185 | USTP 1
CTRX | 400 |CTCONX 'y [E87HR N |TXCTC. 1 | TAPX 30 |VIERMX 1195
2EBRIER
()s0 a8 ENE
RER| BAR) | ARl HREN) BREWN BRE) AHRE (DR et SIREY TABRHREE B
o | s | RN L5 155 >l y
o | U | RN 156 155 > V
[T
HAREE| B4R | R | 60HZBIR(A) LotEaA) BRE(120H)(N)| BEEM AAFE HBER
el s | RN | s 0587 1%
;;‘“O“f U | RN | 538 0785 5% A —
HBEE| AAN | R HREW®EEN Bac i REFHRAE] G5 | W AREWERRwBzanRLT
i3 ‘ S | RN 3915 ‘ 53 ‘ U RN

= T | B

= 9 o SIREE SN B o (1 %z](A] HARMONIC S&:4f Aff

AN
Pickup (A) NM){V‘J o T s I im Value Pass / Fail
i
0580 Wl | W
Test Valies

Channel Phase Ramp Channel Ampide Phase Angl Frequency

Current A No 392 A 0.00 60.00

Current B Yes 058 A 000 2000

= o O HEE] B mENUA] HARMONIC U4 AfE

Pickup (3) HLs Pass  Fail
p a0 —Jalue s
BT |
o W | 0E

Test Values
Channel Phase Ramp Channel Ao T EBE]
Current A No 523 A 0.00 60.00
Current B Yes 078 A 0.00 120.00

%] 30 SEL-487E %3 3 |

io WAE PR R %R B
(I )HE T F 08T L ii4sd 7 it iPl#
SEL-487E O87 # it &% 3% %_%:
BORRPeE TR LT 2 8 MR Rl
Tomn 157 %8 o

i gl

= 9/ 0 087 S@4 AfE
Pickup (A) Minimum Value Maximum Value Pass  Fail ‘ RN LIS
ogp [ s [sN [ T |
1180 [ [ [um
I st Valves |
i | e IR”""’C“"’""e'[ Ampitude | _PhaseAnge | Frequency |
Curem | A | Ve | T A ] 000 5000
= o QO 087 Ui A
[ Pickup (A) | Minimum Value | ‘Maximum Value I Pass / Fail
[ 1570 | | |
Channel |— IEVAReE
Ampiitude: | PhaseAngle T Frequency
Current | A I 157 A | 000] 60.00

B/ 31 SEL—487E 2 3 087 # ai if
e g

( )IELPE;F' %U87 /nL'&r'ﬁ" ¥ e B -é‘

NP EAG
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SEL-487E U87 # sc £ ¥
}'& 'F"J'ﬁr'fh ;HF: pine ;‘:'

TonGh 523 %1
Oo

3 1’§

*
39%%’%@W%®

iii

VBT S Af

Pickup (A) Wiimum Value Waximum Value Pass  Fal B 391)
Up | S | SN 3915
i 0 9
Test Values
Chamel | Phase | Ranp Chamel [ Trasig | o
Curenl A Yes 39 A ] 000] 6000
= 9 ST Ul A
Pekup (4 Minimum Vae | Marimum Value Pass Pl R |
WP | U | SN |
2 I |
Test Values
Channel Phase | Ramp Chamel e | Phse g | Fropey
Curret A Yes 53 A | 000 6000

B 32 SEL-487E %3 % & U87 # it B
#iR 5

(= )BT AR I 4 0L RIGR
SEL-487E #L5 # e &% K <5 >

B RSP TIRACE R R S R )

S P R RARRT L I80 & -

SLOPI : 3 B2 x5 497 % > MR R

T s 49 %5

SLOP2 : 3 B |7 & 5 0 R R

ook Y g R
VI 297 < i“? °
A B (4 ] E E G H | J K
1 Settings Calculated Values \Tast IRT | IOP | IAS(0deg) |IAT(180 deg]
2 Ugip= 2 TAP = 262 st 200 | 200 18 000
3 087P= 03 TAP2= 30 087P 030 | 030 118 0.00
4 8LP1= 15 SLP1* 220 | 03 497 4
5 SLP2= Kl IRTt = 200 SLP2 Test 1" 220 | 059 38 Pl
6 SLP2 Test2 20 | 092 Y] 225
7 CRi= 8
8 |CTR2= 40 * Selected IRT for the SLP1 test must be greater than IRTS| |
9 MVA= 2%
10 Kt = 69
11 Ke= 1% ** Look at Fig 1 and select an IRT for the SLP2 Test 1 between SLP1 and
12| Compt = 15 HVEI&8:E: SLP2, above 08TP and greater than DIRTR. Note that the corresponding
13 Comp2= 1732 LVE&%E 10P MUST BE LESS THAN 1.2 for the st o function correcty.
=40 SLOP1 S~ A
Pickup (A) Minimum Value Maximum Value Pass / Fail
4840
Channel Phase Ramp Channel e | g:i::l‘ﬁ | i
Current A Yes 480 A | 0] 6000
Current D] No 497 A | .00] 60.00
=90 SLOP2 s@a-UBE A
Pickup (A) Minimum Value Maximum Value Pass [ Fail
3000
Tesl Valies
Chamel Phase | Ramp Channel oo s Pass ] B Fiometcy]
Current A Yes 300 A | 000 6000
Current D No 2A | 180,00 5000

B 33 SEL-487E & 7 Al 7
FEIR| 332 % ]

() B T AR 7 e R

SEL-487E 81 %% Kk @ 5:

i B

S O9KV kA BB ERET AN LS

B

P o F

fkpE = ok A L B R N Y
AR~ 2R RBR DS
2 F PR \/ \/
K TR RISN2 > 40/1.5N2=20V -
= o 0 59.2Hz
Pickup (Hz) Minimum Value Maximum Value Pass / Fail
59.200
[ Test Values |
| Channel I Phase |Ranwcmnns|| 7 T Phese e I FroBitE |
[ votage | A | Yes | .40 V_| 0.00] 5920
= o0 40V
Pickup (V) Minimum Value Maximum Value Pass / Fail
20.000
Test Values.
Channel Phase Ramp Channel ARE Phase Angle R
Voltage A Yes 2000 V 000 59.10
Voltage B Yes 2000 V 240.00 59.10
Voltage [ Yes 2000 V 120.00 59.10
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Fo 4 BF - BRIESKR A £

b ET 4F AR & L ST
1o | 87T ~ 51Z ~ 81 USE/LOCK+« | DDCC if 3% & 3 #3700 e
20 [ 81RESET ~ DDCC g3 & st e
3o | 87T ~ 51Z ~ 81LOCK~» Relay — No Trip # 32« k
40 | 87T ~ 51ZUSE~ 750 ~ IMT ~ 86RY Trip # ¥ |«
5¢ | 81 USE~ 750 2 310~ 81RY Trip %3 |,
6o | 50 ~ 50N« 750 ~ IMT - 86RY Trip #& 3% |«
To | 51 ~ 51N 750 Trip # e |,
8o | 86RY #yikrFe %~ AER CB B4 CmBdEde |
9. | 8IRY ks (5 18) B ) CB Mi& C @asbing,
104 | 87A¢ alarm Test # 32 "
11+ | 86A« alarm Test 2 % n
12¢ | PHA alarm Test # %+ "
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Fundamental Meter: Winding S

Phase Currents

IA Ie
MAG (A.pxri) 46 .29 48.0S 46 .25
ANG (deg ) -6.47 114.59 -123.91

Phase Voltages - PT V

Va VB VC
MAG (kV) 40.158 40.197 40.074
ANG (deg) -0.09 120.11 -120.03
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Fundamental Meter: Winding U

Phase Currents

IA IB IcC
MAG(A.pri) 263.45S 276.43 270.47
ANG (deyg ) -154.93 -36.56 85.70
Phase Voltages - PT V
VA VB vC
MAG (kV) 40.158 40.217 40.066
ANG (deg ) -0.11 120.12 -120.01
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TER¥H:
61kV Bus No.l| % % 161kV 84MVAR TERAMAEF(KVAR): 200 Z 5
o Te srnncenan: W Device Overview
TRk = 2 $= T P= 10 %
’if;:mfii:im\\ii\‘)‘ 84 Me-terlng
e | U | MAG | ANG Y MAG VANG
B SRTEG: L07/6160/0105 A 268204 A 8950° A 83463kY A 0.00°
WA A SEL-35142 BRI Kz SO/S1HSON/SIN+SINLA27+59(% JLSEL-351 4 Wl 173 5% ) B 271.06 4 B-150.34" B 83.285 kY B 120.25*
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s SVAD06 Device Overview
Metering
| MAG | ANG ¥ MAG Y ANG
A 273424 A 8947 A 93B75KY A 0.00°
# oE/S#28.C. - B 274374 B15048° B 93618kY B 11045°
. Moy kY BiyAR ESHAAREFRAR: 200 5 4 C-30.29° C 92274k  C -12035°
e R N N 82247 S 0000KY 8 11237
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Device Overview
Metering
SINGo1, SINTD-0.05 (TR1F) | MAG | ANG W MAG Y ANG
A 271324 A 88.99° A 83694 kY A 0.00°
o Svibn0 B 272314 B-151.01° B 93683kv B 11947
59:50P1P=76 c ISR C-30.79° C 92313 KY C -12032°
N M -97.73° S 0000kKYy 8§ -5021°
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,:4, RIIRY 55 s
w P B B
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9295 161.000 3.507 75632 0 0.00 50421 0 0.00 13.279 0.903
Clper) £ f 3452 76832 1 -301.56 505.53(| -0.99] -242.70 14 562 0.991
246 3.386 78333 2 -1113.49 507.14 -2.20] -5337.30 16.119 1.097
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7 3.507 75632 0 0.00 13.279 0.903
3.507 75632 0 0.00 13.279 0.903
K L - EL N 7L
wQE/SF 2B E BOE/S g% E e
Device Overview Device Overview
Metering Metering
| MAG 1 ANG Y MAG Y ANG | MAG | ANG W MAG W ANG
A 271214 A BR97° A 83332 kY A 0.00° A 279554 A 90.14° A Q357 kY A n.oo*
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#1910 SEL-351-2

Device QOverview

Metering
| M&G | ANG W MAG VANG

A 27044 4 & 89017 & 83T RV A n.o0*
B 280644 B14957° B 93469 kv B 120.25°
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MQ 08934 M 8511
€]

8 0.000 kv 5 -110.56"
0.56 A G15548°
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Device Overview

Metering

| M&G | ANG V MAG Y ANG
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Device Overview
Metering
| MAG | ANG W MAG WVANG
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Device Overview
Metering
| MAG | &AMNG W MAG VANG

A 274804 & 80.03°
B 274594 B-149.28°
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M| 1o4a | wis080° 5 0000KY S 164.26°
G 0524 G 37.35°
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Device Overview

Metering
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Introduction of Loss of Synchronism Protection
(“OOSPPAM #78”)

Summary Description

This Project was in the MingTan Hydro
Power plant. The existed relay was
established over 15years and they were
already stopped production.

The function of the “OOSPPAM” is an out of
step function to detect, evaluate, and take
the required action during pole slipping
occurrences in the power system. It’'s a well
application to use this function in this power
plant. The OOSPPAM function can detects
pole slip conditions and trips the generator
as fast as possible, after the first pole-slip if
the center of oscillation is found to be in
zone 1, which normally includes the
generator and its step-up power
transformer. If the center of oscillation is
found to be further out in the power system,
in zone 2, more than one pole-slip is usually
allowed before the generator-transformer
unit is disconnected. A parameter setting is
available to take into account the circuit
breaker opening time. If there are several
out-of-step relays in the power system, then
the one which finds the center of oscillation
in its zone 1 should operate first.

OOSPPAM could receive more signal to
calculate such like the rotor’s angle and it
could also trigger the wave record. The

operation principal could be trigger without
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the variation of the frequency.
When retrofit the exist relay, the OOSPPAM
would be the first choice of the out of step

function.

1. General Description (Relay Setting
Philosophy ):
It was a retrofit plan for the protection
relays of the generators and transfersin a
MingTan hydro power plant. The existed
relays was GEC ALSTOM TP131 and tried
to replace by ABB REG670. REG670 has
two kinds of functions could be the loss
synchronism protections which are
“Out-of-step protection OOSPPAM” and
“Pole Slip Protection PPSPPAM”. The
Out-of-step protection OOSPPAM for the
Loss of Synchronism Protection have the

well performance to protect the system.

According to the IEEE Std C37.102-2006 :
One relaying approach for detecting a
loss-of-synchronism condition is to
analyze the variation in apparent
impedance as viewed at the terminals of
system elements. It has been shown that
during a loss of synchronism between
two system areas or between a generator
and a system, the apparent impedance as
viewed at a line or generator terminals
will vary as a function of the generator

and system impedance, the system

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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voltages, and the angular separation

between the systems.

Under balanced and stable conditions, a
generator operates with a constant rotor
angle (power angle), delivering active
electrical power to the power system,
which is approximately equal to the input
mechanical power on the generator axis.
The currents and voltages are constant
and stable. An out-of-step condition is
characterized by periodic changes in the
rotor angle that leads to a wild flow of
the synchronizing power; so there are
also periodic changes of rotational speed,
currents and voltages. When displayed in
the complex impedance plane, these
changes are characterized by a cyclic
change in the complex load impedance
Z(R, X) as measured at the terminals of
the generator, or at the location of the
instrument transformers of a power line
connecting two power subsystems. This is

shown in the Figure 1 below

Zone 1
D |-

to the 3rd
The 2nd pole-slip i
pole slip

occurred

Zone 2 ?

pole slip

occurred Pre-disturbance

normal load

4R, X

o
E Eal
E /[ / R in Ohms

0 — pre-disturbance Z(R, X)
1 = Z(R, X) under 3-phase fault ||
2 = Z(R, X) when fault cleared
3 — Zwhen pole-slip declared

limit of reach Hk

lens determined 5
by the setting ™,
StartAngle = 120° SE

1
-15 -1 05 0 05 1 15

Real part (R) of Z in Ohms

Figure 1 power line connect two power

subsystems
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Under typical, normal load conditions, when
the protected generator supplies the active
and the reactive power to the power system,
the complex impedance Z(R, X) is in the 1st
guadrant, point O in Figure 1. One can see
that under a three-phase fault conditions,
the center of oscillation is at the point of
fault, point 1, which is logical, as all three
voltages are zero or near zero at that point.
Under the fault conditions the generator
accelerated and when the fault was finally
cleared, the complex impedance Z(R, X)
jumped to the point 2. By that time, the
generator has already lost its step, Z(R, X)
continues its way from the right-hand side
to the left hand side, and the 1st pole-slip
cannot be avoided. If the generator is not
immediately disconnected, it will continue
pole-slipping — see Figure 1, where two
pole-slips (two pole-slip cycles) are shown.
Under out-of-step conditions, the center of
oscillation is where the locus of the complex
impedance Z(R, X) crosses the (impedance)
line connecting the points SE (Sending End),
and RE (Receiving End). The point on the

SE — RE line where the trajectory of Z(R, X)
crosses the impedance line can change with
time and is mainly a function of the internal
induced voltages at both ends of the
equivalent two-machine system, that is, at
points SE and RE.

Measurement of the magnitude, direction
and rate-of-change of load impedance
relative to a generator’s terminals provides a
convenient and generally reliable means of
detecting whether machines are out-of-step
and pole-slipping is taking place.
Measurement of the rotor (power) angle 6 is

TALE €T 43



important as well.

Rotor (power) angle § can be thought of as
the angle between the two lines, connecting
point O in Figure 1, thus, Z(R, X) under
normal load, with the points SE and RE,
respectively. These two lines are not shown
in Figure 1. Normal values of the power
angle, thus, under stable, steady-state, load
conditions, are from 30 to 60 electrical
degrees. It can be observed in Figure 1 that
the angle reaches 180 degrees when the
complex impedance Z(R, X) crosses the
impedance line SE — RE. It then changes the
sign, and continues from -180 degrees to 0
degrees, and so on. Figure 2 shows the rotor
(power) angle and the magnitude of Z(R, X)

against time for the case from Figurel.

2. General Description (Relay Setting

4 - - - - -
2 rotor (power)
3 aoamal angle in rad angle -
load \
ZR. X vnder fult ies 12 ]
on the impedance line \

or near (for 3-ph faults)

> fault 500 ms
-1t fult
occurrs

o
Under3-phase fault
condition rotor angle
ofapp.=180 degrees
1s measured

| e
4 Z®R X crossed 4
) @ the impedance line, Z-line
connecting points SE -RE
L 1

Impedance Z in Ohm and rotor angle in radian —

I L L L
0 200 400 600 800 1000 1200 1400
Time i milliseconds —

Figure 2 Rotor (power) angle and magnitude
of the complex impedance Z(R, X) against

the time.

Setting Guidelines:

) O CO

Figure 3 Example of an actual power system
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1 The setting ForwardX, ForwardR take into
account to the reactance and resistance of
only one power line.

2 Forward X = XmaxsG1 + XLLG1 + XTG (X/R
maxSG1 : max. sys. Pos.e seq. 7Z) ........... (1)
Forward R= RmaxsG1 + RLLG1 + RTG (X/R LLG1 :
Longest LINe Z) ...ooooveevecieeeceeeeeeee (2)
ReverseX = Xd' ...cooooeeceeeeeceeeeeeres (3)
(Xd': Gen. transient reactance)

Reverse R = Rs (1% of Xd' could be estimated) (Rs :
Gen. equivalent resistance) ........(4)

* All Impedance are based on generator

base.

3 ReachZ1: the reach of the zone a in the
forward direction. The ReachZ1 should be
set bigger than X1 for making Generator -
Transformer in the zone 1.

4 StartAngle: Angle between the two
equivalent rotors induced voltage to get the
start signal. The width of the lens
characteristics is determined by the value of
this setting. Whenever the impedance Z (R,
X) enter the lens, this is a sign of instability.
The value 110°is recommended.

5 tReset: The setting gives the time for
(OOSPPAM) function to rest after start when
no pole slip been detected. The value 5s is
recommended.

6 NoOfSlipsZ1: Maximum number of pole
slips with centre of electromechanical
oscillation within zone 1 required for a trip.
The value 1 is recommended.

7 NoOfSlipsZ2: Maximum number of pole
slips with center of electromechanical
oscillation within zone 2 required for a trip.
The value 3 is recommended.

8 tBreaker: Circuit breaker opening time.

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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The value of 0.00 s will be set, if the opening
time is unknown.
9 InvertCTCurr: If the input CTs is located at
generator neutral side, then InvertCTCurr =
Off. If the input CTs is located at generator
terminal side, then InvertCTCurr = On.
10 TripAngle : If a pole slip has been
detected, change of rotor angle
corresponding to slip frequency 0.2-8Hz, the
slip line ZA - ZB is crossed and the direction
of rotation is same as at start, a trip is given
when the rotor angle gets below the set Trip
Angle. The value 90° is recommended.
2. Relay Setting Calculation
2.1 System Data:

Generator:

16.5kV, 300MVA, 0.9PF

Irated = 10498 A

Xd'=0.26 pu

Main Transformer:

345 /16.5 kV, 300 MVA

Zps=Zpt=15.3% on 300MVA

CT-3C: 12000/5A (ratio: 2400)

pr2; 16500, 115,

NERA]

(ratio: 143.478)

Transmission Lines:

( on 100MVA)

Longest Line:

Z111=0.01095 +j0.11546 pu

(suppose value)

Introduction of Loss of Synchronism Protection(“OOSPPAM #78”)
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Figure 4 Scheme of protection SLD

Power System:
Maximum fault current:
345kV, 45.79KA (Max.) ....ccceeveee. (5)
X/R=23.5, SCC=27361MVA.......... (6)
All sys. Impedance are given on 100 MVA
(MVAs) and 345 kV (kVs) base.

.. Maximum positive sequence

impedance based on 100MVA
Zmax S1 =0.000155 +j 0.00365 pu ...(7)

2.2 Relay Model / Type

2.2.1

Existing Relay Model:

GEC ALSTHOM , TP131

Setting: Active power threshold: +4% / -4%
Number of pulses:

Power Channel: 20

Internal angle channel: 20

Time lag counting: 1 min
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2.2.2 New Relay Model
ABB, REG670
Out-of-step protection OOSPPAM (78)

2.3 Calculation for Relay Setting

2.3.1 General Parameters

2.3.1.1 Calculating the base voltage for relay
(or VT secondary):

VLL_B_relay = VT primary voltage/VT ratio =
16.5kV * (115V / 16.5kV)

= 115 Ve (8)
VLIN_B_relay = (16.5kV/1.732) * (115V / 16.5kV)
=664 Ve (9)

2.3.1.2 Calculating the base current for relay
(or CT secondary):
IB_relay = CT primary current/CT ratio =
10498 * (5 / 12000)

2.3.1.3 Calculating the base impedance
based on the relay secondary quantities:

VLNBre[ay _ 66.4 _
Iy relay 4.47

ZBrelay =

2.3.1.4 Calculating TR. Impedance on Gen

base
MVA
G =26 xT =[ﬂjx
MVA, 300
2
165 X0.153=0.153pU worerrervervmvesvenrensanes (12)
16.5

2.3.1.5 Calculating the max positive
sequence Z of the Power System.
On the TR / Gen. base. According to

the transfer equation:

MVA,  KV{
Z vaximinsT = =X 2S XZ aximins
MVA KVTHigh
7 _ M VAG X KVTiuw
max/minSG 2 max/min ST
MVA,~ KV,

TALE €43
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The max positive sequence impedance of

the power system on the TR. / Gen. base is:
ZmaxsT1 = 0.00015 +j 0.00365 pu .(15)
ZmaxsG1 = 0.00015 + j 0.00365 pu .(16)
XmaxsG1 = 0.00365pu.......cccccvevnnn(17)

2.3.1.6

Calculating the pos. seq. Z of the longest

Line on Gen base.

Z11G1=0.01095 +j 0.11546 pu............... (18)

2.3.2 Calculate the settings:

2.3.2.1

ForwardX = XmaxsG1 + XLLG1 + XTG
=0.00365 + 0.11546 + 0.153

= 0.2721PU oo (19)

2.3.2.2

ForwardR= RmaxsG1 + RLLG1 + RTG

=0.00015 + 0.01095 + 0.00765

= 0.0188PU wvvooeeeeeee oo, (20)
ReverseX = Xd'=0.26pU ....cocovvevveverernn. (21)
ReverseR = Rs =0.0026pU .....ccccvevveunenes (22)

(1% of Xd' could be estimated)
ReachZl = XTG...occceeeee. (23)

So ReachZ1 =0.153 pu
=56.23 % of ForwardX .......c.ccoevvenrennn. (24)

2.3.3 Calculation for Relay Setting for this
project 57% of ForwardX

StartAngle: 110°

tReset: 5sec

NoOfSlipsZ1:1

NoOfSlipsZ2:3

tBreaker: O sec

InvertCTCurr: off

TripAngle: 90°

2.3.4 Calculation for Relay Setting and set
the value.

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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Ubase  [16.5kV Parameter | Umt | Setting
Shase 300 MVA . o
Thase 10498 A UL12HiHiLim [%:UB 150.0
Zbase {(.908 chm UL12HiLim %UB 120.0
: 0
Crooe N UL12LowLim |%UB 100.0
Cth‘jIl‘l 12000 A UL].ZLOWLOWLIIII %UB 200
Tablel caculation numbers. ULlZMm ¥oUB 0
* 78 relay = 15.18 ohm UL12LmmHys | % 1.0
Table 2 OOSPPAM Group settings (basic) UL23HIHILim  |%UR 150.0
Name Range Setting UL23HiLim %UB 120.0
Orperation Off, On On X
Operationz 1 Of, On on UL23LowLim |%UB 100.0
ReachZ1 1.00 - 100.00 % ZFw 57.00 %ZFw UL23LowLowLim |%UR 20.0
OperationZ2 Off, On On
tBreaker 0.000 - 1.000 5 000 s UL23Min o5UR 0
Table 3 OOSPPAM Group settings (advanced) UL23LimHys Yo 1.0
T Tenee Setting UL31HiHiLim [%UB| 150.0
NoOfSlipsZ1 1-20 1
NoOfSlips72 L-60 3 UL31HiLim %UB 120.0
tReset 1.000 - 60.000 8 50 s N
UL31LowLim |[%UB 100.0
Table 4 OOSPPAM Non group settings (basic) -
UL31LowLowLim |%6UB 20.0
Name Range Setting
GlobalBaseSel 1-12 1 UL31Min %UB 0
ForwardR 0.00 - 1000.00 %ZB 1.88 ]
ForwardX 0.00 - 1000.00 %ZB 27.21 UL31LimHys %o 1.0
ReverseR 0.00 - 1000.00 %ZB 0.26
ReverseX 0.00 - 1000.00 %ZB 26.00 o [
Invert CTCurr No, Yes No

Table 5 OOSPPAM Non group settings (advanced)

Name Range Setting
Start Angle 90.0 - 130.0 Deg 110 Deg
TripAngle 15.0-90.0 Deg 90 Deg

The orginal relay (#78) will lockout when the

UB less than 0.2, so the new relay’s function

should also add the logic “lockout” of the

low voltage

Table 6 VMMXU Non group settings

(advanced)

Introduction of Loss of Synchronism Protection(“OOSPPAM #78”)

ROTORANG | —

ucoseH! [—

Figure 5 the logic of the protection.
2.4 The Test Result
The final test result from TPC’s Loboratory
was matched the evaluation of technician
and the description of the protection
“O0SPPAM”.
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Table 7 the setting value during the test

(refer to the table 4)

T vForwardR ForwardX ReverseR ReverseX StartAngle TripAngle ReachZ1
(%ZB) (%ZB) (%ZB) (%7B) ©) ) (%Zfw)
N 1.88 27.21 0.26 26.00 110.0 90.0 57.00
SEE Y
NoOfSlipZ1 | NoOfstipz2 | " (e;”'
1 3 5.0
i3 PR SRR R DhTEESR (ms) SRS # FE
Zone 1 1 17.40 EA
Zone 2 3 16.00 E¥
S e

wn

TR A |

RO

Figure 6 the limiation of the protection OOSPPAM

in the test report.(match the Figure 1)

3. Summary

The OOSPPAM can determines the direction
the impedance Z moves, thus, the direction
the lens is traversed.

It can also measures the time taken to
traverse the lens from one side to the other
one.

The limitation of the protection of the
OOSPPAM is larger than PPSPPAM.

We can find the different from below figure
7and 8

-0-¢8-765-4-3-2-10112 34567 B8 8510

8 ———— S S S ———

— NoOfSlipsz2

Figure 7 the protection limitation of the
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protection of the OOSPPAM

-0 -¢ -8 -7-6-5-4-3-2-10112 3 456 7 8 810
g e I N

6 ——dddb sl L

g ALt

2 ————----—————-----é—— R
1
T

Figure 8 the limiation of the protection
PPSPPAM

It can easiler to tell the Z2 in the OOSPPAM
is larger than the one in the PPSPPAM.
OOSPPAM has several advantages which
could protect the facilities in the substations
or power plant.

1. It can receive the angle of the stators.

2. Trigger the wave record inside the
function.

3. There is not nessary to detect the
variation of the frequency and the
protection can able to trigger.

4. OOSPPAM could connect 2 current
tranferomers and can fit the special
application which PPSPPAM can’t does.

Reference:

1. ABB Document - IMRK 502 051-UEN

2. |EEE Std C37.102-2006

3. The Relay Calculations of TPC Ming Tan
Hydro Power Plant written by Chen Yao
Ping Technician office

4. The test report “4N40138” of the
REG670 tested by TPC's Loboratory—
2015/10/19
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(-) BHETHEE A ER T

T
Relay Configuration FCET T

4

ECTTERM Enable the Following Current Terminals

e

SU Select: Combination of S, T, U, W, X or OFF

3
EPTTERM Enable the Folloving Voltage Termingls ki m PT g
v Select: Combination ofV, Z or OFF

AT

57 ndude the Follwng Termnal 1 the ffcentel Eement i
su Selct: Coination of S, T r OFF 54 }EH

gz

 HfaAl

EREF Enable the Following Number of Restricted Earth Fault Elements

1 v Se‘e:t N 13

ES0 Enable Defiite Time Overcurrent Elements for the Following Terminals

5U Select: Combination of S, U or OFF

E51 Enable the Following Number of Inverse Time Overcurrent Elements
2 w Select: N, 1-10

E4 Enable Current Unbalance Elements for the Following Tei

OFF Select: Combination of S, U or OFF

59 Enable th Follwing Number o Overvotege Elements

] ¥ seect N, 15

E27 Enable the Following Number of Undervoltage Elements
n v Select N, 15

EB1 Enable the Fallowing Number of Over/Under Frequency Elements
1 w Select: N, 1-6

"
~

B 17 sk ® FFE
(Z))R#EZTFCT Eox T

Current Transformer Data

CTRS Current Transformer Ratio For Termingl &
80 Rang;

Sea(Th s s

CTCONS Current Transformer Connection For Terminal
[y ¥ selet:Y, 0
A |

Ispmcngs

CTRT Current Tranformer Ratio For Terming| T
80 Range = 1 to 50000

CTCONT Current Transformer Connection For Terminal T
Y v Select:Y,D

TR Curent mnﬁomw lalTp ki e
400 Range =

CTCONU Current Transformer Connection For Terminal U
v 'J Select: Y, D

. 017

CTRY1 Current Transformer Ratio for Terminal Y, Channel L
20 Range = 1 to 50000 } 4 )‘%

(TR %%

CTRY2 Current Transformer Ratio for Terminal Y, Channel 2
Range = 1 to 50000

CTRY3 Current Transformer Ratio for Terminal Y, Channel 3
100 Range =110 50000

WIS TS v g
(=) \:E:"ﬂ‘PT wg Rk

R, -

..\,

Z_[B]
BAT 1H

=% 69kV

Potential Transformer Data

( AL
FTRV Fotental Transformer Ratiofor Tam\%
6000 Range = 1.0to 10000.0

FTCOK Potential Transformer Connection For Terminal V.
Sele: Y, D

PTCOMPY Potenti Transformer Compensation Angle for Terminal V (degrees)
0.00 Range =-179.99 to 180,00

VNOMY Potential Tranformer Nominal Line-to-Line Voltage For Terminal V (V,sec)
115 Range =30 to 300

Differential Element Configuration a1

1COM Intenal CT Connection Matrix Compensation Enabled
v Ject: Y, N

TSCTC Terminal § CT Connection Compensation
2 Range =0to 12

TTCTC Terminal T CT Connection Compensation
R Range =010 12

TUCTC Terminal U CT Comnection Compensation
Rerge=0to 12

B 19 R T APT
%aiﬁ
(z) R AL

MVA Enter Transformer Maximum MYA Rating (MVA)
25 Range = 1 to 5000, OFF

VTERMS Terminal § Line-to-Line Valtage (kV)
69.00 Range = 1.00 to 1000.00

TAPS Terminal S Current Tap (A,sec)
261 Range = 0.50 to 175.00
VTERMT Terminal T Line-to-Line Voltage (kv)
Range = 1.00 to 1000,00

69.00

TAFT Terminal T Current Tap (A,sec)

261 Range = 0.50 to 175.00

VTERMU Terminal U Line-to-Line Voltage (kv)

1195 Range = 1.00 to 1000.00

A-Y (89.7.3100A)
C1—i 15/20/25MVA
750 \  Z=8.94%
400/5 v

51,50:4/0.13,C1
51N.50N:0.5/0.05.C1,10A

,30A

87T:SEL487E:087P=0.3pu,S1=15%,S2=
U87P=10pu,PCT2=15

(p:400/5, s5:2000/5)

NCT:1000/5

512:2/0.4,C1

&l 20

Inverse Time Overcurrent Element 01

T %i%
uEPE R

43

Wt

iy

% ffa fi m :&a

HAO N

i fd0 g

087P Differertial Element Operating Current Fickup (p.u.)
030 Range =0.10to 4.00

SLP1 Slape 1 Setting (%)
1500 Range =5.00 to $0.00

SLP2 Slopa 2 Setting (%)
30.00 Range =500 to 0.0

U87P Unrestrained Element Current Pickup (p.u.)
10.00 Range = 1.00 to 20.00

DIOPR Incremental Operate Current Fickup (p.u.)
120 Range =0.10to 10,00

DRTR Incremental Restraint Current Pickup (p.u.)
12 Range =0.10 to 10.00

E§7H3 Enable Harmonic Blocking Differential Element
[V v Select:Y N

EG7HR Enable Harmoric Restraint Differential Elament
N v Select:Y, N

PCT2 Second-Harmenic Percantage (% of fundamental)
15 Range =5to 100, OFF

30%

R 3
L

Inverse Time Overcurrent Element 02

Tnverse Time Overcurrent Flement 01 Tnverse Time Overcurrent Eement 02
51001 Ivese Time Overcamen: Eemert (. Oerste Quanty 51002 merse Time Overcurent Element 02 Operate Quariy
s J05M

1P rse Time Overurtert Elarent 01 Pickup Vae (SELage)
000000 # =R CNBINED 59 3L UNCTION

10T verse T Qvrcurant Ekement 1 Cune Selcin
o v Seect: U5, 05

STTO0L Imerse Tme Cvercurent Hemen 0L Tine Dal (SLeg )
030000

SIRSUL Inverse T me Cvercurent Hemen: 0L Secromedanca Rest Eable

\ v Select: Y, M

SITCON Iverse Tme CvercurrentEeren: 0L Torgue Conil (SELogie)

Rl 21

L RREBRET L

Fk T A

SIPO2 Irverse Time Overcurent Element 02 Pckup Vlle (SELogic)
(.500000 # FOR COMBNED 63 SN FUNCTION

S1C02 ‘verse Tme Overcurrent ement 02 Curve Selectin
o v | Select: UL-LS, C1-C5

SLTDN2 mersa Time Oercarren Element 02 Time Dil (SELogie)
(050000

SIRS2 Ivers Time Overcrrent Eement 02 Eeromechanca Reset Enable
¥ | Skt

SLTCO2 Imersa Time Oercarrent Element 02 Torque Contol (SELogc)
1

LAE PR (51/51N) 3K 2]

STARA R B A
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(7 ) 3l T B IR R R R

Overcurrent Elements Terminal §  Terminal S Phase Overcurrent Eleme

‘Terminal § Phase Overcurrent Element Level 1

Overure lements Teral SOSPLP Phase Instantaneous Overcurrnt Pickup Level 1 (45¢c)
ES0S Enable the Type of Overcurrent Eements fo Termina S 3000 Range =0.25 to 100.00, OFF
pe Select: Combination of P, Q, 6

67SPLTC Phase Instantaneous Overcurrent Level 1 Torque Control (SELogic)
1

E67S Enable Diretonal Elements
675P1D Phase Instantaneous Overcurrent Level 1 Delay (cy)

1 v/ Select: Y, N 0.00 Range =0.00 to 16000.00

Terminal S Zero-Seq Overcurrent Ele
Terminal § Zero-Seq Overcurrent Element Level 1

SOSGLP Zero-Seq Inst 0/C Pckup Level 1 (&5ec)
1000 Range = 0.25 to 100,00, OFF

67SGLTC Zero-Seq Inst 0/C Lvl 1 Torque Control (SELogic)
1

675G1D Zero-Seq Inst O/C Level 1 Delay (cye)
0.00 Range = 0.00to 16000.00

Bl 22 3 T FE on B P (S0/50N) K T
(= )R AP LB
T

REF50P1 REF (50F) Operate Current Instantaneous Overcurrent 1 Pickup (A, sec)
OFF Range = 0.25 to 100.00, OFF

REFS50D1 REF Instantaneous Overcurrent Element 1 Time Delay (cyc)
0.00 Range = 0.00 to 16000.00

REFS51P1 REF (51P) Operate Current Inverse Time Overcurrent Element 1 Pickup (A,
2.00 Range = 0.25 to 16.00, OFF

REF51C1 REF Inverse Time Overcurrent Element 1 Curve
C1 w | Select: U1-U5, C1-C5

RF51TD1 REF Inverse Time Overcurrent Element 1 Time Dial Sefting
040 Range = 0.05 to 1.00

RF51RS1 REF Inverse Time Overcurrent Element 1 Electromechanical Reset
¥ - | Select: Y, N

RF51TC1 REF Inverse Time Overcurrent Element 1 Torque Control Equation (SELogic
1

F123  FET A PLBARS ER
(512)3% Z_B)

(M) B T B S 2 238

81 Elements

81 Elements
81UVSP Under/Over Frequency Element Minimum Supervision Voltage (V,sec)
40.00 Range = 20.00 to 200.00

81D1P Level 1 Under/Over Freq. Element Pickup (Hz 8101D Level 1 Under/Over Freq.
59.20 Range = 40.01 to 69.99 0.10 Range = 0.04

'—\ RARBARIEASELTRAAEME CRRERE -
. BRI HARTARE ) AR THEERE -

Group 1/Set 1/81 Elements:

’_ ~ Paramefer Setting

81UVSP 4000V > 8485V |

84.851/1.5// 2 = 40V
Bl 24 RRE R AR A L ORI
e

S FOOKV F A RBERETANHE S S TR o F A S

(1) i T AL
087 TEST

B BB T
087 TEST

Trip Logic Trip Logic

Trip Logic Trip Logic
TRYFUR Trip Condion()for Tranformer Terminas SElogic)
(§7R OR &70) A ALTOL OR [REFSLTL OR REFS1T2) AKD PLTOR OR (3081 OR S0S51)

TRAFR Trp Condon()for Transormer Terminal (SELogi)
() A LT O (EFSLTL OR REFSLT2) AND PLTO O (SLSPLOR 50551

ULTYENR Uiate Trp Condiion(s) fo Transformer Termindls (SELogic)
NOT (67R 0R 87U OR REFSITA OR REFSLT2 OR S05P1 OR 50561)

ULTXEM. Unath Tip Condton) for Trensformer Terminl (SLogk)
NOT (87 0% REFSLTA OR REFSIT2 OR 0P 08 SU861)

Trip Logic SLOP1 ~ SLOP2 Ada i) 3k
Trip Logic
TRUFMR Trp Condiions T Terminals (SELogic)
() AYD PLTO1 OR (REFSIT OR REFSITZ) AND PLTO2 OR (SO5P1 OR 5OSG1)

Trip Logic SLOPI ~ SLOP2 Bia 3% ‘

Trip Logic
TRYEMR Trip Cond ransformer Terminals (SELogic)
() AD PLTOL OR (REFSLTL OR REFSLT2) AND PLT02 OR (S0SP1L OR 50S61)

Trip Logic SLOPI ~ SLOP2 C#a iz, ‘

Trip Logic
TRYEMR Tri i Transformer Terminals (SELogic)
AND PLTO1 OR (REFS1T1 OR REFSLT2) AND PLT02 OR (S0SF1 OR 50561)

Bl 25 R T FE s BEX TR
0~ R A i R
-~ RERERE

FEEH P AT R R F A AR RAR
A o N ARF I fi FiELHE > H]E
Rt R R 0 G RHRBIZ T A
Feme A o o BT 2B RE
B A %o B A%4F 0 AT @292 §/S BR
BE AR R R Y RATHE 2 Megger
SMRT36 P& ik B » H *t LAc ] 26 #7151 -
Megger & B £ 3.5kg s L H o RN R R
E(ISA £ 18kg -~ Double £ 22kg)if iz -
Flt A E R (A o TS N
L PC A4 5 e wEiT ox H
R s 60A BH B Ry HRE
[3] -
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W

Bl 26 Megger SMRT36 7 Fpli k B
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FU A L HEE R pE R RIPIARE
2 o
SEL-487E 50/51 &% % %_%
Tap/Level= 51:4/0.13(C1) » 50:30A -

F 2. Rute
4

s B

F L7

- ) SEL: Al C1- IEC Stancerd i
S  ABTrgTes e
Tt | Tt | Gewe | Vi | Teoet | daim | Psy
N | Coentp) | Tnels | Tmels| Tmels| Tmel |
! w o om w w(s
) o owe| o] owfhs
§ I
i Al o o :usl 060 s
0 w| | w :um[ nuaz|ms

Bl 27 T F50/51 # i BAERE R
(=) %3 7 FS0N/SIN # g Plas
SEL-487E 50N/51N & % % Z_3
Tap/Level= 51N:0.5/0.05(C1) -

SON:10A -

SEL:Al: C1-IEC Standard Imerse

Euo

C-N Timing Test

Test Test Operate | Minimum | Theoretcal | Masimum Passl
Wl | Current(A) |~ Time(s) [ Time (s | Time (s) [ Timels) | Fal

? 10 082 061 050 0562 | Pass

3 15 03] 023 0318 0.47{ Pass Hﬁ{‘

§ b 128 1% 024 0285 Pass

1§ LE] " 014 oS 0127 Pass §;$
a 100 00%| o 00% 0033 Pass i

B 28 ¢ F 50N/51N # it ByEp| &
(Z) BT AS1Z # 5 B
SEL-487E 51Z &% % % %
Tap/Level=2/0.4(C1) -

So0 STl

Test Test | Overae | Mininum | Theoretcal | Mesimum
Malgle | Curent(d) | Time(s) | Time (5) | Time (s) | Time(s)

SEL:Al: C1- EC Standard |

I wl e | we s
i W ow ml m|  amps
] oo ol o o] e

Bl 29 SEL-487E &£ T F S1Z 7 v &
TIPS 5% R
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Introduction of Loss of Synchronism Protection
(“OOSPPAM #78”)

Summary Description

This Project was in the MingTan Hydro
Power plant. The existed relay was
established over 15years and they were
already stopped production.

The function of the “OOSPPAM” is an out of
step function to detect, evaluate, and take
the required action during pole slipping
occurrences in the power system. It’'s a well
application to use this function in this power
plant. The OOSPPAM function can detects
pole slip conditions and trips the generator
as fast as possible, after the first pole-slip if
the center of oscillation is found to be in
zone 1, which normally includes the
generator and its step-up power
transformer. If the center of oscillation is
found to be further out in the power system,
in zone 2, more than one pole-slip is usually
allowed before the generator-transformer
unit is disconnected. A parameter setting is
available to take into account the circuit
breaker opening time. If there are several
out-of-step relays in the power system, then
the one which finds the center of oscillation
in its zone 1 should operate first.

OOSPPAM could receive more signal to
calculate such like the rotor’s angle and it
could also trigger the wave record. The

operation principal could be trigger without

TALE €43

ABB Ltd, EPMV DA, Harlem Tsai

the variation of the frequency.
When retrofit the exist relay, the OOSPPAM
would be the first choice of the out of step

function.

1. General Description (Relay Setting
Philosophy ):
It was a retrofit plan for the protection
relays of the generators and transfersin a
MingTan hydro power plant. The existed
relays was GEC ALSTOM TP131 and tried
to replace by ABB REG670. REG670 has
two kinds of functions could be the loss
synchronism protections which are
“Out-of-step protection OOSPPAM” and
“Pole Slip Protection PPSPPAM”. The
Out-of-step protection OOSPPAM for the
Loss of Synchronism Protection have the

well performance to protect the system.

According to the IEEE Std C37.102-2006 :
One relaying approach for detecting a
loss-of-synchronism condition is to
analyze the variation in apparent
impedance as viewed at the terminals of
system elements. It has been shown that
during a loss of synchronism between
two system areas or between a generator
and a system, the apparent impedance as
viewed at a line or generator terminals
will vary as a function of the generator

and system impedance, the system

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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voltages, and the angular separation

between the systems.

Under balanced and stable conditions, a
generator operates with a constant rotor
angle (power angle), delivering active
electrical power to the power system,
which is approximately equal to the input
mechanical power on the generator axis.
The currents and voltages are constant
and stable. An out-of-step condition is
characterized by periodic changes in the
rotor angle that leads to a wild flow of
the synchronizing power; so there are
also periodic changes of rotational speed,
currents and voltages. When displayed in
the complex impedance plane, these
changes are characterized by a cyclic
change in the complex load impedance
Z(R, X) as measured at the terminals of
the generator, or at the location of the
instrument transformers of a power line
connecting two power subsystems. This is

shown in the Figure 1 below

Zone 1
D |-

to the 3rd
The 2nd pole-slip i
pole slip

occurred

Zone 2 ?

pole slip

occurred Pre-disturbance

normal load

4R, X

o
E Eal
E /[ / R in Ohms

0 — pre-disturbance Z(R, X)
1 = Z(R, X) under 3-phase fault ||
2 = Z(R, X) when fault cleared
3 — Zwhen pole-slip declared

limit of reach Hk

lens determined 5
by the setting ™,
StartAngle = 120° SE

1
-15 -1 05 0 05 1 15

Real part (R) of Z in Ohms

Figure 1 power line connect two power

subsystems

Introduction of Loss of Synchronism Protection(“OOSPPAM #78”)

Under typical, normal load conditions, when
the protected generator supplies the active
and the reactive power to the power system,
the complex impedance Z(R, X) is in the 1st
guadrant, point O in Figure 1. One can see
that under a three-phase fault conditions,
the center of oscillation is at the point of
fault, point 1, which is logical, as all three
voltages are zero or near zero at that point.
Under the fault conditions the generator
accelerated and when the fault was finally
cleared, the complex impedance Z(R, X)
jumped to the point 2. By that time, the
generator has already lost its step, Z(R, X)
continues its way from the right-hand side
to the left hand side, and the 1st pole-slip
cannot be avoided. If the generator is not
immediately disconnected, it will continue
pole-slipping — see Figure 1, where two
pole-slips (two pole-slip cycles) are shown.
Under out-of-step conditions, the center of
oscillation is where the locus of the complex
impedance Z(R, X) crosses the (impedance)
line connecting the points SE (Sending End),
and RE (Receiving End). The point on the

SE — RE line where the trajectory of Z(R, X)
crosses the impedance line can change with
time and is mainly a function of the internal
induced voltages at both ends of the
equivalent two-machine system, that is, at
points SE and RE.

Measurement of the magnitude, direction
and rate-of-change of load impedance
relative to a generator’s terminals provides a
convenient and generally reliable means of
detecting whether machines are out-of-step
and pole-slipping is taking place.
Measurement of the rotor (power) angle 6 is

TALE €T 43



important as well.

Rotor (power) angle § can be thought of as
the angle between the two lines, connecting
point O in Figure 1, thus, Z(R, X) under
normal load, with the points SE and RE,
respectively. These two lines are not shown
in Figure 1. Normal values of the power
angle, thus, under stable, steady-state, load
conditions, are from 30 to 60 electrical
degrees. It can be observed in Figure 1 that
the angle reaches 180 degrees when the
complex impedance Z(R, X) crosses the
impedance line SE — RE. It then changes the
sign, and continues from -180 degrees to 0
degrees, and so on. Figure 2 shows the rotor
(power) angle and the magnitude of Z(R, X)

against time for the case from Figurel.

2. General Description (Relay Setting

4 - - - - -
2 rotor (power)
3 aoamal angle in rad angle -
load \
ZR. X vnder fult ies 12 ]
on the impedance line \

or near (for 3-ph faults)

> fault 500 ms
-1t fult
occurrs

o
Under3-phase fault
condition rotor angle
ofapp.=180 degrees
1s measured

| e
4 Z®R X crossed 4
) @ the impedance line, Z-line
connecting points SE -RE
L 1

Impedance Z in Ohm and rotor angle in radian —

I L L L
0 200 400 600 800 1000 1200 1400
Time i milliseconds —

Figure 2 Rotor (power) angle and magnitude
of the complex impedance Z(R, X) against

the time.

Setting Guidelines:

) O CO

Figure 3 Example of an actual power system
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1 The setting ForwardX, ForwardR take into
account to the reactance and resistance of
only one power line.

2 Forward X = XmaxsG1 + XLLG1 + XTG (X/R
maxSG1 : max. sys. Pos.e seq. 7Z) ........... (1)
Forward R= RmaxsG1 + RLLG1 + RTG (X/R LLG1 :
Longest LINe Z) ...ooooveevecieeeceeeeeeee (2)
ReverseX = Xd' ...cooooeeceeeeeceeeeeeres (3)
(Xd': Gen. transient reactance)

Reverse R = Rs (1% of Xd' could be estimated) (Rs :
Gen. equivalent resistance) ........(4)

* All Impedance are based on generator

base.

3 ReachZ1: the reach of the zone a in the
forward direction. The ReachZ1 should be
set bigger than X1 for making Generator -
Transformer in the zone 1.

4 StartAngle: Angle between the two
equivalent rotors induced voltage to get the
start signal. The width of the lens
characteristics is determined by the value of
this setting. Whenever the impedance Z (R,
X) enter the lens, this is a sign of instability.
The value 110°is recommended.

5 tReset: The setting gives the time for
(OOSPPAM) function to rest after start when
no pole slip been detected. The value 5s is
recommended.

6 NoOfSlipsZ1: Maximum number of pole
slips with centre of electromechanical
oscillation within zone 1 required for a trip.
The value 1 is recommended.

7 NoOfSlipsZ2: Maximum number of pole
slips with center of electromechanical
oscillation within zone 2 required for a trip.
The value 3 is recommended.

8 tBreaker: Circuit breaker opening time.

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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The value of 0.00 s will be set, if the opening
time is unknown.
9 InvertCTCurr: If the input CTs is located at
generator neutral side, then InvertCTCurr =
Off. If the input CTs is located at generator
terminal side, then InvertCTCurr = On.
10 TripAngle : If a pole slip has been
detected, change of rotor angle
corresponding to slip frequency 0.2-8Hz, the
slip line ZA - ZB is crossed and the direction
of rotation is same as at start, a trip is given
when the rotor angle gets below the set Trip
Angle. The value 90° is recommended.
2. Relay Setting Calculation
2.1 System Data:

Generator:

16.5kV, 300MVA, 0.9PF

Irated = 10498 A

Xd'=0.26 pu

Main Transformer:

345 /16.5 kV, 300 MVA

Zps=Zpt=15.3% on 300MVA

CT-3C: 12000/5A (ratio: 2400)

pr2; 16500, 115,

NERA]

(ratio: 143.478)

Transmission Lines:

( on 100MVA)

Longest Line:

Z111=0.01095 +j0.11546 pu

(suppose value)

Introduction of Loss of Synchronism Protection(“OOSPPAM #78”)
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Figure 4 Scheme of protection SLD

Power System:
Maximum fault current:
345kV, 45.79KA (Max.) ....ccceeveee. (5)
X/R=23.5, SCC=27361MVA.......... (6)
All sys. Impedance are given on 100 MVA
(MVAs) and 345 kV (kVs) base.

.. Maximum positive sequence

impedance based on 100MVA
Zmax S1 =0.000155 +j 0.00365 pu ...(7)

2.2 Relay Model / Type

2.2.1

Existing Relay Model:

GEC ALSTHOM , TP131

Setting: Active power threshold: +4% / -4%
Number of pulses:

Power Channel: 20

Internal angle channel: 20

Time lag counting: 1 min
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2.2.2 New Relay Model
ABB, REG670
Out-of-step protection OOSPPAM (78)

2.3 Calculation for Relay Setting

2.3.1 General Parameters

2.3.1.1 Calculating the base voltage for relay
(or VT secondary):

VLL_B_relay = VT primary voltage/VT ratio =
16.5kV * (115V / 16.5kV)

= 115 Ve (8)
VLIN_B_relay = (16.5kV/1.732) * (115V / 16.5kV)
=664 Ve (9)

2.3.1.2 Calculating the base current for relay
(or CT secondary):
IB_relay = CT primary current/CT ratio =
10498 * (5 / 12000)

2.3.1.3 Calculating the base impedance
based on the relay secondary quantities:

VLNBre[ay _ 66.4 _
Iy relay 4.47

ZBrelay =

2.3.1.4 Calculating TR. Impedance on Gen

base
MVA
G =26 xT =[ﬂjx
MVA, 300
2
165 X0.153=0.153pU worerrervervmvesvenrensanes (12)
16.5

2.3.1.5 Calculating the max positive
sequence Z of the Power System.
On the TR / Gen. base. According to

the transfer equation:

MVA,  KV{
Z vaximinsT = =X 2S XZ aximins
MVA KVTHigh
7 _ M VAG X KVTiuw
max/minSG 2 max/min ST
MVA,~ KV,
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The max positive sequence impedance of

the power system on the TR. / Gen. base is:
ZmaxsT1 = 0.00015 +j 0.00365 pu .(15)
ZmaxsG1 = 0.00015 + j 0.00365 pu .(16)
XmaxsG1 = 0.00365pu.......cccccvevnnn(17)

2.3.1.6

Calculating the pos. seq. Z of the longest

Line on Gen base.

Z11G1=0.01095 +j 0.11546 pu............... (18)

2.3.2 Calculate the settings:

2.3.2.1

ForwardX = XmaxsG1 + XLLG1 + XTG
=0.00365 + 0.11546 + 0.153

= 0.2721PU oo (19)

2.3.2.2

ForwardR= RmaxsG1 + RLLG1 + RTG

=0.00015 + 0.01095 + 0.00765

= 0.0188PU wvvooeeeeeee oo, (20)
ReverseX = Xd'=0.26pU ....cocovvevveverernn. (21)
ReverseR = Rs =0.0026pU .....ccccvevveunenes (22)

(1% of Xd' could be estimated)
ReachZl = XTG...occceeeee. (23)

So ReachZ1 =0.153 pu
=56.23 % of ForwardX .......c.ccoevvenrennn. (24)

2.3.3 Calculation for Relay Setting for this
project 57% of ForwardX

StartAngle: 110°

tReset: 5sec

NoOfSlipsZ1:1

NoOfSlipsZ2:3

tBreaker: O sec

InvertCTCurr: off

TripAngle: 90°

2.3.4 Calculation for Relay Setting and set
the value.

Introduction of Loss of Synchronism Protection(“OOSPPAM #78)
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Ubase  [16.5kV Parameter | Umt | Setting
Shase 300 MVA . o
Thase 10498 A UL12HiHiLim [%:UB 150.0
Zbase {(.908 chm UL12HiLim %UB 120.0
: 0
Crooe N UL12LowLim |%UB 100.0
Cth‘jIl‘l 12000 A UL].ZLOWLOWLIIII %UB 200
Tablel caculation numbers. ULlZMm ¥oUB 0
* 78 relay = 15.18 ohm UL12LmmHys | % 1.0
Table 2 OOSPPAM Group settings (basic) UL23HIHILim  |%UR 150.0
Name Range Setting UL23HiLim %UB 120.0
Orperation Off, On On X
Operationz 1 Of, On on UL23LowLim |%UB 100.0
ReachZ1 1.00 - 100.00 % ZFw 57.00 %ZFw UL23LowLowLim |%UR 20.0
OperationZ2 Off, On On
tBreaker 0.000 - 1.000 5 000 s UL23Min o5UR 0
Table 3 OOSPPAM Group settings (advanced) UL23LimHys Yo 1.0
T Tenee Setting UL31HiHiLim [%UB| 150.0
NoOfSlipsZ1 1-20 1
NoOfSlips72 L-60 3 UL31HiLim %UB 120.0
tReset 1.000 - 60.000 8 50 s N
UL31LowLim |[%UB 100.0
Table 4 OOSPPAM Non group settings (basic) -
UL31LowLowLim |%6UB 20.0
Name Range Setting
GlobalBaseSel 1-12 1 UL31Min %UB 0
ForwardR 0.00 - 1000.00 %ZB 1.88 ]
ForwardX 0.00 - 1000.00 %ZB 27.21 UL31LimHys %o 1.0
ReverseR 0.00 - 1000.00 %ZB 0.26
ReverseX 0.00 - 1000.00 %ZB 26.00 o [
Invert CTCurr No, Yes No

Table 5 OOSPPAM Non group settings (advanced)

Name Range Setting
Start Angle 90.0 - 130.0 Deg 110 Deg
TripAngle 15.0-90.0 Deg 90 Deg

The orginal relay (#78) will lockout when the

UB less than 0.2, so the new relay’s function

should also add the logic “lockout” of the

low voltage

Table 6 VMMXU Non group settings

(advanced)
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Figure 5 the logic of the protection.
2.4 The Test Result
The final test result from TPC’s Loboratory
was matched the evaluation of technician
and the description of the protection
“O0SPPAM”.
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Table 7 the setting value during the test

(refer to the table 4)

T vForwardR ForwardX ReverseR ReverseX StartAngle TripAngle ReachZ1
(%ZB) (%ZB) (%ZB) (%7B) ©) ) (%Zfw)
N 1.88 27.21 0.26 26.00 110.0 90.0 57.00
SEE Y
NoOfSlipZ1 | NoOfstipz2 | " (e;”'
1 3 5.0
i3 PR SRR R DhTEESR (ms) SRS # FE
Zone 1 1 17.40 EA
Zone 2 3 16.00 E¥
S e

wn

TR A |

RO

Figure 6 the limiation of the protection OOSPPAM

in the test report.(match the Figure 1)

3. Summary

The OOSPPAM can determines the direction
the impedance Z moves, thus, the direction
the lens is traversed.

It can also measures the time taken to
traverse the lens from one side to the other
one.

The limitation of the protection of the
OOSPPAM is larger than PPSPPAM.

We can find the different from below figure
7and 8

-0-¢8-765-4-3-2-10112 34567 B8 8510

8 ———— S S S ———

— NoOfSlipsz2

Figure 7 the protection limitation of the
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protection of the OOSPPAM

-0 -¢ -8 -7-6-5-4-3-2-10112 3 456 7 8 810
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Figure 8 the limiation of the protection
PPSPPAM

It can easiler to tell the Z2 in the OOSPPAM
is larger than the one in the PPSPPAM.
OOSPPAM has several advantages which
could protect the facilities in the substations
or power plant.

1. It can receive the angle of the stators.

2. Trigger the wave record inside the
function.

3. There is not nessary to detect the
variation of the frequency and the
protection can able to trigger.

4. OOSPPAM could connect 2 current
tranferomers and can fit the special
application which PPSPPAM can’t does.
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