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i %R E G 4 4 5 (On-Load Tap Bt Ba 0 AT R D
Changen: X & ~ #REFSBC - %R F *HFEY AL 2 FEIR R o

2Tt Ry BEERES LS B 1.3 Sympathetic inrush = rihii R E

FlE PG RS fRAD L s o Sympathetic inrush is caused by

another transformer, running in paral-

1. MR lel with the protected transformer al-

PRE2 FE X EEE - K ready connected to the network, be-

FEA L SREHCE BB R ing energized .F_#-— R B & 5

SRPEE L g b IR 4R PRRELT-RERAREL
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1.1 Magnetizing inrush » i&{,;mév&p Py D Akl BiEPB
B ¥ RRER A RBERT ¢ IRV TP R RN A R
FoWREFEERYE S REREE BERRE AR > - Gk BR RS
AR EET N FREE N Avfr| 2 d RE AT LH T 5?‘?“*?’
RRER AL 2 FRET NP ffu*ﬁ ¥ Lt IS N I U VRSB T
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1.2 Recovery inrush = T‘m?fiﬁfi@ 3 FH L ThEpELT TEmEPEI R
s o The magnetizing current of the i E%fih € TE A IMY R G A
transformer to be protected increases AEE A PR AR ED
momentarily when the voltage returns MG AR MR ERETHES RS
to normal after clearance of a fault ARmEs - wRE ZHFRTFAE
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“2.harm.block”:% 78 “Not in use” > “In
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2L P2 LN B AT E
i) i 45 There are low cur-

3

2.2

=

rent periods in the differential current
during inrush. Also the rate of change
of the differential current is very low
during these periods.If these features
are not present in the differential cur-
rent, it can be suspected that there is a
fault in the transformer. - i&:‘{'\;&,
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Description DE Marne Prezent Yalue Mew Value

CT connection Floev007 |7 [Type| E
HY connection FlOev00B |2 [o E
L cannection FiOBvO0D3 |2 [yn E
Clock rumber F108¥010 [2 K

lo limination F10EY011 E [HvaLy side 4]

16 RET541 tH{u##{ERERER

rrrZ Bpl & R E 5 0 Angle IL1- IL1b » Angle IL2-1L2b » Angle IL3-1L3b
IL2 > Angle IL2-IL3 > Angle IL3-IL1 > A& 5 0> ¥ RET541 2 4 5
Angle IL1b-1L2b > Angle IL2b-IL3b - RET541 2w & ke % > 4of] 17 #7
Angle IL3b-IL1b &_5 120° o gt *h 5 4p T °

B it % (Phase Order) i& » Angle IL1-

il &o b

chrec o Emmaechesa = st

EHﬁiEET;;L;th-: “About =ame current in =ach

h
curr=nts) BURs——

Current IL1b. 2B, b

CLw: side phase “About =ame current in =ach

current=sa Phase

HArngle IL1-1Z2, 1L2- About 120 degrese bebmwean anwy
=, IL==-1L1 two phase

Arngle IL1b-1LZ26, About 120 degrese bebwe=n any

ILZb-ILEE, ILSb-IL1E | | e phase

Angle IL1-IL1 b, IL=- “About O degrese bebvroeaer anyw HW-
ILZhb, IL=Z-IL=Zhb L' phas=
Current 1d1. =, = Abhboutd in each phas= Can-laad

tap changer po=. can mshkae big

rDifferential currentl arror if the position is no: corre ot

17 RET541 #ERBERZ EEEHE

& 4% RET541 =< | # & (CT kV/105 kV » 3 & gl 2 CT ¥ &
Transformation Ration Correction) 3R 300/1 » M &R plz. CT & 2500/5 5 i%
> > RET541 = /] # 1 & ;% & & ¥% SPAD346 C I1/In 2 I2/In 2.+ | &
SPAD346 f ™ 4p v > e faiE b §_7 E 0 4B 18 o o
Foood B 1P - UE e [1/In 2 12/In 2.~ -} 4 0§ B %

Bl 1:®BRE%E 5 40 MVA > 110 11n=40MVA/(+/3 x110 kV)=210A

THEE £ 23 Y AT R ELE R G
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11/In HV Side CT »* & i & & :
11/In =210A/300A=0.7
12n=40MVA/(~/3 x10.5 kV)=2199°
12/InLV Side CT +* w2 i & :
l2/In =2199A/2500A=0.88

HV Side

300A/1A

l l1n=210A

In=1A

MTR#1

40MVA
110 kV/10.5 kV

G

i l2n=2199A

2500A/1A In=1A

LV Side

18 SPAD346C CT {8 EEE:R=E

&9z RET541 2 & ;% » F] RET541 ~
AR EE AN e
CO/LCO > RET541 & 4o :

Sn

\/§><Uﬂ

Where InT =rated load of the power

InT =

transformer

Menu Path: MAIN MENUConfiguration’\Protected unit

Sn =rated power of the power
transformer
Un =rated phase-to-phase
voltage
Next, the setting of the protected unit
can be calculated

Scalingz'—'oT

In
Ip =rated primary current of

the CT
#12 InT = 40MVA / (73 x 110 kV)
=210A
Scaling = Ip/InT = 300A /210A
=1.429 ---3 & i
32 Scaling = 1.137 --- 1< /& ig]

Where

m  RET541 % % & B /& A
(Configuration/Protected unit/Ch_:

Scaling); 4T B 19 #r 57 » # ¢
Chl~Ch3 Z 3 & igjzz R~S~T #p»
Ch4~Ch6 % M /B 2. R~S~T4p o
LRREDFEMLT 0 FRLAF
#- Current in percent = 100.0 % In » -
#4173 “Transforming ration correc-
tion of CT” » F]y* A3 B ? >
Scaling = 1.429

Description DB Mame Present Valug New Yalue FRange

Cht: scaiing FO03541 | 2 \ 1.429 [0500... 3.000)
Che: scaing FO03/542 | 2 \ 1429 [0500... 3.000)
Ch scaiing FO03543 | 2 \ 1429 [0500... 3.000)
Chd: scaing FO03544 | ? \ 1137 [0500... 3.000)
ChE: scaing FO03/545 | 2 \ 1137 [0500... 3.000)
Ché: scaiing FO03546 | 2 \ 1137 [0500... 3.000)

19 RET541 #R2Z CT{&1E{E
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Current in ampere = 210 A
Current in percent = 100.0 % In
---(L Fi)
Bodo o A gz 22 ¢ Scaling o
(RET541 Scaling k44 1) - &tk
AT g R
Scaling = 1.000
Current in ampere = 210 A
Current in percent = 70.0 % In
- (H A )
bl 2: RBEFE ] 5 25 MVA
110 kV/21 kV > YNd11 #z2 %
E % > CT Ration % 300/1A %
1000/1A > 4-® 20 #777 o

110kV 300/1A MTR#L 1000/1A 21KV
| 5P20 5P20 |
25MVA
YNd11
9x1.67%
Diff6T

20 RET541 Scaling B REE

Curent Id1 F1061007 0E15
Cunent [d2 F1081008 0.293
Currarit [d3 F1061009 | 0.477

27

LR EE o AE I INT & o
HV Side : InT = 25MVA / (v/3 x 110 kV)
= 131.2A
Setting=Ip/InT = 300A /131.2A
=2.287 % & 7]
LV Side : InT = 25MVA / (+/3 x 21 kV)
= 687.3A
Setting = Ip/InT = 1000A /687.3A
=1.455 - 1< R g
==> HV Scaling =2.287 ,
LV Scaling =1.455
ST R g AT R NS )T*u
TR ER RER b A AT 2
Sz w L FE DR %V 14)* RET541
SRR & SR &
RET541 4 4 5 3| % /MR Rl & 49 4 &
TomiE Id %5 2 4o 1d1/1d2/1d3 > £ ¢
Idl 2 R Ap£®dimiE > 1d2 3 S4p 4 &
TonE o d3 5 TAA&RE > 4oF 21

BT o

®In
#ln

#n

21 RETHM41 BERZEZFHEEREE

5. 8RR Y EP R REGLZ)

P a oy KT oA
RET541 #c4f & = & ¥ 3] los #& ¥ =
Beaon o @ % RET541 B4 lo 2 CT
AR EHREERERE Y &7 gk
+ (512)* > - R ;j@z Tap b i

TALE €7 234

2 K4 - 3f LCO HET Fii s 517
* ik oo gt B1Z #FHoap A ¥ 00 4 RETH41
z. CT s @ 4414 CT Ration £ p

L
g ©

6. BB A EREEMHETHEER

RET541 . 4p =4 1% (Vector Group
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Matching )+ & ¢ > & % & & F | * sition )¥ 2 5 d RET541 # it &k fa— &

RET541 & “,’TT TAE > > 0 4B 16 MB-R2_TEZ] 0 4ol 22-1 2 22-2 4t

#15¢ » “lo Elimination” Setting ;% i & T e

URES AL SRR A R The position of the tap changer used

WERES AR RIRERER/ for voltage control can be compensated if

MR ]2 FiE o the position information is provided for
the protection function via the input sig-

7. B8 7 A2 (Tap Changer) nal “TAP_POS”

7 4 45 =% ( Tap Changer Po-

Measurement TAP_POS POS(mA)
1 1 4.85
2 3 6.54
3 5 8.23
4 7 9.98
5 9 11.60
6 1 13.28
7 13 14.96
8 15 16.64
9 17 18.33
10 19 20.01

22-1 Tap Changer mA Measurement

I PT1 - Transducer Linearization Tool = ] ]
Fie Edit Help
BlElE]=]
||ﬂ|3llt| |Iq:-.r2 II'::u'l |Innul4 |InDuI5 |InDuIC | nput 7 | nput & |
A4 M | seakd | Dlascrptioe: | PT1 Tzp Changat Postizn
1 |48 10 =
EED a0 g
3 8274 h.0 15
4 |assd 70
5 11E a0 n
i 1328 11.0
7 1456 1310 1
g |16 15.0 .
| ] 1 1 T I T | |
i 18226 17.0 4 ] 2 n 12 4 15 14 el
T 1.0 Sedndiemmad ]

22-2 Linearization Curve

# RET541 % 3% 17 “ Start Ra- Y HcEaEd > 3 RRE CT H#Hm
tio” ¥ » 4eB 23 #1102 IE B~ mE R CT Mr£R& ~ Tap Changer

F A i R R A B R R TG 6T 239



Regulation Range -~ Relay #rx & ~ 4
& (Margin) - %% 20 ¢ » 5P20 CT
HHrE R % 5% - Relay #m A 5 4% -
MR X% 5% - ¥ 28 ) Start Ratio Set-
ting & o
Start Ratio Setting = HV CT +LV CT +Tap
Changer + Relay +
Margin
= 5%+5%+9x1.67%+
4%+5% = 34%

Idiff:‘ll - Iz‘
A

Operation area
Starting Ratio

% Non-operation area
|
|

|
|
|
0.5xIn Turn-Point2 Ibias =

Y

+

[+

2

23 RET541 Start Ratio Setting

4oy 4 & &g F (Tap
Changer )£ p # & it (Compensated) -
4 A RRF 225 TAP_POS §
u’\ﬁ?] ~ PTEE T BiciE 0 ¢ pF Start Ratio
Setting £_% > ?
Start Ratio Setting =
5%+5%++4%+5% = 19%

8. BRRETREINRE

RET541 % /& % (535§ S 45 57
CO/LCO #:# » CO/LCO #_%/& % i%
E2 R TR AR
LR % % CO/LCO 2 3 B & i
RAATIEG 27 AR
PR g o s R
27/59/81H/81L/59V0 2 % f # it 2 i

TALE €7 234
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-

.RET541 -87T & E

’ﬁ 7 a2 4nde 0t (8 “Start Ratio ¢
Slope of the second line of the operation
characteristics”3k = b » B3 A A% &
“Basic Setting : the lowest ration of the
differential and norminal currents to
cause a trip” > % = #4728 “Turn-Point
2 : turn-point between the second and the
third line of the operation
characteristics” ~ B# P& B K T
“Inst.Setting : Trip value of the instanta-
neous stage” ~ = =X ;g ¥rit @ “Ra-
tio 12f/11F>" ~ T =t 3% & Fr4) vt & “Ratio
I5f/11£>" ~ T =X 3% 4 B PF e ) W B
“Ratio I5f/I11f>>" ~ = = 3% & B &
“2harm.block” ~ I = i A B 4
“5.harm.block™

9.1 Basic Setting : 4-® 24 #ts+ - Basic

Setting ¥t £ & FE T FH~ (2 F (72
TG EA T KT A FI
Basic Setting = 0.5 x start ratio+ P' ;
# ¢ P'=no-load losses of transformer
at maximum voltage - - & §_w
10% % i 3t B Tl oo 0 FaE 2
Start Ratio =19% % :*5& » v 2 & )
Basic Setting & -

Basic Setting = 0.5 x 19% +10%

=195% -
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= 1_|2‘

Operation area

Nominal load

Basic setting

L

Non-operation area

1.0xIn Ibias = \EZ'E\
24 Basic Setting ¥f Relay B){EZ 4%
M E

9.2 Turn-point 2 : % = #4722 _j&_ Basic
Setting % - i 100% slope = —fﬁi i
B ko 4oB 25 ST o

Idiff=‘|l— Iz‘
A

Operation area

Non-operation area

100% slope

. L+l
Turn-point2 Ibias = | 1; 2

25 Turn- Point2 ¥f Relay B)fE 2 4%
s

o EATRRC) O HARERER
A% %k §_“More Stable” and “Less
Sensitive” » & 2. v &% - #EITEEH L
H A f,&ggé?,ﬂiagy‘bfjfa{“More Sensi-
tive ” and “Less Stable” ;- 4k kI > %
SR F EERAE 15 ~ 2 2
o %%:ﬁﬁh%ﬁs 15 %k >

42l % & Stable » @ ¥ % - @&
FTEER G 2 R HERw AR ER
Sensitive &g o

9.3 Inst.Setting : A # % % 7T FH

AT R E LS R RS

Instantaneous * ic # € X 34k @ AL B
oo vERkREEZ S ARR
ﬁ%ﬁj’-nﬁﬁﬂjl&dOkmiﬁ
Rl ke K e

9.4 Ratio I2f/11f> : 11 = = 3 $4 4k
2 W R ERE D S A A RE
THS G P RBE RTINS
Crﬁﬁﬁﬁﬁf?UWﬂﬁﬁﬁiﬁ
EE S ST R

9.5 Ratio Isf/lif> : 12T kA Ak
ZWFRERET KA P LR R
TEH N R BE R
(Overexcitation ) » F# ik & & %25 T F
A E o

9.6 Ratio I5f/l1f>>: m T K FR A AR
2o K ii%%“fl S G A R
THFN O ARA L FREEF S
B £ 2 18 jporz (Overexcitation )3 % >
&%zﬂé?ﬁiﬁ%%?ﬂiﬁﬁ
T RiRERRE o

9.7 2.harm.block : %% =+ = 2. % 2 &
9.8 5.harm.block : %% =+ = 2. & 2 &
it o

> RET541 R B R > 7 2
ﬂwRHMliiﬁﬁﬁﬁﬂﬁﬁi

R o7 RAR RED %@J RIS 22
,baiq; » 4[] 26 7T e
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3

¢ &) 233



87T PROTECTION

Differentact

DIFF6T_1
DIFF6T
— TRIP
— 1L2 CBFP
—— 13 STATU!
—— 1Llb
—— 1L2b
—— 1L3b

~—— BS_STAS

—— BS_INST

= TRIGG

© GROUP

e——| TAP_POS

— RESET

=

DIFFTR
INT2BOOL _10
INT2BOOL

IN BO InstTrip Phl
Bl ——1InstTrip Ph2
B2 —nstTrip Ph3
B3 [—StabTrip Phl
B4 |____stabTrip Ph2
B5 StabTrip Ph3
B6 ——SBlock Ph1
B7 |——sBlock Ph2
B8 L—sBlock Ph3
B9 | FBlock Ph1
B10 ——FBlock Ph2
B11 ——FBlock Ph3
B12 ——WaveBlock Phl
B13 ——WaveBlock Ph2
B14 ——WaveBlock Ph3
B15 ——

26 87T suitEHiRERIEREE

BL 6 ¢ 7] 23
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P RBRE2 BRRG - S RRE

f‘i@fﬂ}’ BBMEE - RFREREZ

*o w2 BREELT 2 CT ®

’4}; 9 #Eﬁ.‘/n 13’3@3@]&?%?,‘%3@?’?5;

*
B E AR sk %%:ﬂﬁ#w«'59%
T 31@15]i§-,_ 2 CT,; MERpZ2Z 3 B

CT L3 dpl 2@ Al 2 TRE B>

FOUR-MRRI2 S e CT g 5 - B

R.S.T 7“3-' ’ '&L"ﬂ 28 ':"—i——,-’[: 5 tbﬁﬁiﬂ@fﬁ'jrt

25 RST =43 BRplZ RST = 4p
. RETH41 ;27 A ¢ 7 F2 A H v  fi > 4o

RPN BILET o0 §F A

Bit number Meaning of the bit
O(LSB) Instantaneous stage trip in phase 1
1 Instantaneous stage trip in phase 2
2 Instantaneous stage trip in phase 3
3 Stabilized stage trip in phase 1
4 Stabilized stage trip in phase 2
5 Stabilized stage trip in phase 3
6 Second harmonic block in phase 1
7 Second harmonic block in phase 2
8 Second harmonic block in phase 3
9 Fifth harmonic block in phase 1
10 Fifth harmonic block in phase 2
11 Fifth harmonic block in phase 3
12 Waveform based block in phase 1
13 Waveform based block in phase 2
14(MSB) Waveform based block in phase 3

o e o

B 27 87T tH@ BB NTHE

M, SRR=BRE=-GAEHN

'
-

YREBDUA G2 WH S
FEZAEE (2 E*a
BREE S Y o Flpt
»d 3 RET541 2% 2% 4
v RETS541 & ¥ 12 % % &
A Rk .

%2
w2 BB EBERE - 4oB 28

Ed
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fu
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&

1”3“

i F
?
2 %
&

=
&=H

«%ﬁi

’

B
W=
W 3 s ¥R

)’.

3

%@29%ﬁ’w%%@wii$1
- U EL @ 5 500/5=100  #r2 ¥ - B
Bk Es 3 ET 100 0 FIEORR RIS R
B E R oo AT AR L2 L R B
@4 #E— B CT (Interposing CT ) %™
ot jn Bl @£ 100 2% 5N F T -
Byt on Bt B §_ 100/5=20 - T pt ot
Interposing CT Ratio ijfu;iéﬁﬁ*“ 100/20 =
55 Gl4c 25A/B5A o dopt - koo MR ]S
# CT Ratio )’jfu#wa i]}u'a nEE RST
Z 47 nie ~ RETH41 &7 £ & T &%)
#7 o

HV Side HV Side
cT
cT 200/5A
Diff6T Diff6T
MTR
MTR
3L5MVA
132/33 KV
CT
cT
cT 500/5A
LV Side LV Side
(@) (b)
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28(a),29(b) BERIF=HHE2REBFN

b 3: #BREEFE S 3L5MVA - 132/33
KV > % & 2] CT Ratio = 200/5 » <
/% 2] CT Ratio = 500/5 * 100/5 »
4ol 29 7 o

HV z_ Scaling 2z 3 % %:
| ___ S, _ 315MVA
T J3xU, HV  /3x132KV

=137.8A

|
Scaling = —"* = 200A 1 451
lrw 137.8A

V 2z Scaling 2.3% %:
,___ S, _ 315MVA
T BxU, LV 3x33KV

=551.1A

|
Scaling =Pt = S0A 5907
v B5L1A

. BEREBRERE

BOSRBRELAG RETIALEH G
LhkEib mg LA FHELT L
FE o AT R FEPIGETE P B R AR MR
B~ FHGES  HYREKRE BT BRR%
o T AR N mERET AR (T
REFEF o
51 A RETH541 % & B iR ¢ Fem
PREAT A LREERERESRC
o X RBRRRERMRS N kg
RET541 2% 3 il i o LR SR
B % YnDl1l: P B 12 % 13
2 BB N T ORI BRR

>3\ Fikpfe RET541 2z TYPE |
2 TYPE Il z 2%7> ;% k3% RET541

EEHERET Y-A &£9742 22 30
OB o A BERE A YSY 2
BRSNRE 300 B R
52 d B 31 % 327 » pLftin®

TALE €7 234

5.3

5.4

5.5

5.6

5.7

5.8

7E RBEESER LY & Delta 3 0
mBERBERE Y 2Z3EmR G
FPEGERRRE KBRPITIER L
4 w 1800 =+ p AT inin » B
23w a1l d o AF TYPE
| 238 * {550 0

R BLE TR T RER A
B2t YnD11 E_MCOR fplAE A 3 R R
30° > 4B 33 #5oF e

A N RE 16 fror BE A
RET541 % & #¢ -
CT connection : TYPE |

E‘G*

» HV connec-

tion : Yn > LV connection : D » Clock
number : 11
# RETH541 87T x = @23 K k&

B oo - btz “RETS541 - 87T %
WP 0 B K TLE AL Basic set-
ting : 20% - Starting ratio : 30% > Turn-
point2 : 1.5 x In » Inst.setting : 10.0 x
In -
2T AAL RE > BB R
(ST i)irp_rf\*:«ﬁ%]/\ 1
ﬁ%lx\ HV-side : 1.05A > LV-side : 0
A (B3 RET541 current terminal
HV and LV sides : 5A * HV and LV
2 scaling =1 ) » &% k%% Ib
=0~0.5 z_#> (F3 {4+ o

iz . RET541 % 00 i
0.21 - %] % # i¥ g-(Operation Point)
AR TR Lbﬂijj}‘%ﬁvlk' e
B 34 777
Pz &

‘:‘J-a~~\,

1=

HV @] RST & 4 3.7
A,0° » 37A~,240° - 37AZ
120° > LV @] 4 2.3A ~£210° >
23A 90" - 23A~330° k=%#FE Ib
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Drawing 1
:__ %jg CH 10, VT2 .ls-l-
] §E|£ —oH e o EUERTR_ENPSREERWUM
- n
&I 18 ot | IGASK—eN
" T =

HA

22/6.6K0 TR S
It =S _CH & BT+ | 9'Ep
Th,, R | B
v 1121:- =" 1 ’—? §E|E _GH 3 TTZ | | {1A,54)
\L.. ?Eﬁ: CH Z. CTH

CURRENT DIRECT ION

THREE

L L
a
31 RET541CT #ZAR
Orawing 2
3 o - [
L - (7 | )
J:’:P n - EE CH 10, vT2
T d ﬁﬁﬁ: CH 8. eT?
= 2 Eﬁ: CH 8. CT6 | N o IL{14,54}
1
:_..E E I ﬁlg: CH 7. CTS
E= o 1
Ej% 2650 e
i :_‘i oy 1; ﬁli CH 5. CT4
K i =1 CH 4. CT3
L] -_—
¥ ®£FF = § :‘ﬂlg: GH 3. CT2
i ﬂ|§:— IL{14,54)—=N
l M % ﬁlg: CH 2. ET1

,_

32 RET541CT ¥ZEAR

Ratation direction

c A B C=HV Side
abc=LV Side

£ &7123 FU R AR R E LSRR RS



36

33 Clock number 11 ¥|E =A=

R B R ggf}_ﬁrv [:oe )

=3

2

¢ &) 233



—Cm— Stahilized stage InstSetting ® OCperationPoint
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Idlin
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B 34 ENEHBIFEEETR

—o—Stabilized stage InstSetting ® OperationPaint
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[3] ABB RET54_

[4] ABB Finland RET54_

THAIEE PHASE

NT DIRECTION
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Crawing 3
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