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Abstract

This research is a study of designing and experimental kit simulation with differential
relay to protect a transformer. The simulation is consisted of breaker tripping unit module,
lighting module, ground fault module and coutroi stop clock set.

The results of the study are the ability to set Id, and Id, a1 20%, 22.5% and 25% and the
suitability 1o select the limited resistance of short circuit at 800 {210 W. Tripping could be
occurred within 130 ms to ?8) ms. Furthermore, the setting high value percentage of Id is
possible when the short circuit has been increasea which resulted in shortage of transformer life

span if the experiment is repeated.
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n1slEsmduuusad utleafuwsanilas

2.1 $1nduuHAA N (Differential relay 87)
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ponsNgUnsaifl Relay Hosiueg Swananduriosliifius Seting Ao il Faul Tuginsal
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iingetn Relay 11 Cument 11930 CT ¥ 2 Swvpandeutas dofugumisves ¢ Suily fadmua
Zone NATHIIUUOY Relay uaziifodo ldn/Touves Relay i8N0 Self Protection INF1ZAWID
Detect Fault 118107471 Self Protection Avtiiy Fault inmizimaaluniteuasinfuiosnin
HAAMSHIILYS Relay 1H1UMS Check AIMMANFA BN Tasumse wilaeis 2 §w dnfa
15199 i 7099 Relay 1047 U Overload Ypenoutagld M3 Check MINSTUATUANAISAUYSS
Kelay 11 1714 Check tduiaveenszianiniy 12864 Check osvaeyu 20 mrwina Tundfonvaed
1'% Connect 11 Y-Y finvziliosueq Phase-Shift iuufeados #20 1ue wu v-A, A-y dofu
nssuafA CT uAnzdweandoulamdh Relay sxdeagnudluibes Phase Shifi newidue Tavd
wangad

_¢io CT My v isvamantoutasiaiufiumny Dela

- do cT Hunny A ifiovaa 2andontlasietudhuny v

Tuns@ifi liansan Ratio tieaavinavesnszual g Relay whiu'ld suludesld Aux.
cT wswtiuvinanazyulfimingau (Relay Jogiiufiiiu Digital Relay 2 lusuiudeld aux. cT

ﬂ'f)ﬂgjﬂ'lﬂuﬂﬂ 5129zl Parameter 1Ty Software 197 Set 14

AT CT Ratio 102 Aux, CT Ratio tiia 1¥ilnszumdn Relay feaz SA niloulasvua
115 kV/22 kV, Dynl, 50 MVA IFULL LOAD High Side = 251 A Aszus FULL LOAD
Low Side = 1312 A
@on CT HV = 400/5 Aerhuuy v CT LV = 20005 serfluuuy v luasifinszdd Aw €T
w8 Fnfwswede CT W 2 Aadwiuy v ﬁgdﬁjfiﬁlu ndafen WIS VYINAIAE Phase A28 Aux. CT.
nass nszuaty CT HY = 3.13 4 oty SdpamsIaszumdn Relay 5 A Aa8dl¥ Aux. CT Ratio
3.13/5 UARBIUUY Y-Y Aszuaiu CTLV =3.28 A Saitu Srdesms nszumids Relay 5 A #0414 Aux.

CT Ratio 3.28 x V3/5 = 5.68/5 Aonuy Y-A
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2.2 HAY84 Vector Group
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2.4 Bias Differential Relay
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Bias. Current
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Ditf Current
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o funlfomdasdariuaar’ (v) du cr moludind gadeiflumam (A)

MY 1.73 nihves Id,

»
3.7.2 psafianunssuaud (orush current blocking) 2095 NaadUA MY 3.9

16

| _
« XD1-T
] A
a ~ _/-E 181, L1141
l : | s
P 182+ 11.2
G
251 121
Stromguelle -
current spurce | 12
282+ 122
<
381 ¢ L3.1
—
| 13
352 y L3.2
51 2.9 msnaaeumsananunszuaud)
e z =y 1 ' er T o z
1. diudenszuaBunalszunu 1.5 oihwesnszuasyysunsznt hiafanu
(NO Blocking) ¥a@a LED TRIP 93 liadNuaadnag
2. fmaea LED AyGD @aumann vaininiy 1al 3.5s wasa LED
TRIP
MINATOURAIT NN 3.1
131991 3.1 naRarInsTuAd@ A @I OuaI % Id, (5% - 42.5%)
t % TA i < i 7.5 I 10 I 125 i 15 ] 17.5—[ 20 | ZES_I 25 | 215 30 325 3s ns 40—|;42.5

Currenl setling
LS (A)

0.075 01125

[

0.15

0.1875 \ 0.228

|

0.2625 | 0.3
\

0.3375

0.375

0.4125

045

0.4875

0.525

0.5625

0.6 0.6375
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3.8 wdeutlaa Irtfhwae 1ifi Tnuaa

:} ¥ ar UI (E) r 1 97 ‘:; . ] : -§
TuvuziindemladslineTnan sy nszualuardfivaaiadu primary miniu s
usumguinndmasida uazsnaszualraaulunnunin

lo =1,Cos8,

o [Y o o = o
I Wunsznadi lnphase iU V, Mfannnssuagafslunnuman
Tu=1,8ing,

Iy dupssuamanladed ARavnnszeadiadunsanimindnames fugii 3.10

D
4

1,=0154 PF=07

P Ty
319 3.10 ni¥eni/as LAYBOLD vz luvie Tnan

I, = AS¥ @M primary vosnsiou)asume liswinaawundemlas LAYBOLD u 745 - 50
3¢ 400/400 V Y/Y

AszUd i, =0.15A

Cos@,(PF)=0.7=4557°

lo =i Cos@, =0.15x0.7=0.1054

I,=1,5ing, =0.15x0.714=0.1074

3.9 PIAA Id, g Id, MMINSAU9INASZN inrush vz nifom)as s Tnan
e wyifeurlas LAYBOLD U 745 - 50
I,=0.154 PF =07

»
> SwdjuDXI-T cTmelursgadediu A msdiude i, st 1722 0
’ ' o 3 4 r ] o :
o dnffuainduuunadn 1.5 Mwesnszualiuds
. nsgnalwarusind = 0.15 x 1.732

=0.2598 A
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[ » ¥ 3
21nA15 197 3.1 THA 14, A 1d, 71 17.5% Ansznadiuas 0.2625 A ualunn
YR mnsznavme hiswInasen Tdvidunaa

¥ »
< TidSuAaid, waz 1d, Aud 20 - 25%

3.10 YRR UM INAY

nsUfude 1d, taz 1d, Eaus 20% s 25% Juhunszue inrush Tuasaed 3.1
safunnaves R, do¢ Bilfifanszuadarens unse dlesvnnmaeuvenindnudesh
3Anaes 9 Megfawarmsdeinnsdaaes Serasdendnsenadareenfiv 20 - 25%
venszin Afe fifceve Suvumanudnmn R,

I, = 20% wsanszuaifanliemlas (1 A)

=02x1=02A

R, =%529=1100 G 1idenld 1000 Q

»
nannTlvesSioagusl 100 ms

E=W.1t
= J2RX1
9 100
= (0.2)* X 1000 X ——
1000
=4 W.s

HenlaeAny 1.5 M1 =4 x 1.5=6 W.s
- Y ar -
enld 10 W.s A9r15199 3.2

A151971 3.2 VUMANUAUTIUTIDIAY

% pistl3udash nszuerianedy PRI | E=W xt
1d, ua 1d, (A) (R, (1) (W.s)
20% 0.2A 1000 Q 10
22.5% 0.225 A 950 Q 10
25% 0.25 A 800 O B 10
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14Ginanaraumsinuvessnunaailesiumiontias SEG (u XD1 - T Taeld

infofiodene il
® iin@Aiimes YOKOGAWA {u 734
® IMnosuNNIABI AR LAYBOLD Ju 727 - 12
® 1NIN83IFBINAILININGS LAYBOLD U 745 — 561
* 5¥a@Wivce LAYBOLD ju 753 - 10
9

® wieulnsauima LAYBOLD 3u 745 - 50

®  Electronic stop clock LAYBOLD 34 313 — 031

o : I o ¥
4.1 MatFuAmsadur uNaaN

» = H T Al
4.1 msSuden 1d, wlamlasgnaefhumi v dau CT vesTiaduuunadaezde

¥
v A mnszum)iudaeziing 1.732 v

> [
4.1.2 fi1 Tnrush Blocking A1 Su@anszuauuunaa N 1.5 meanszumlSods Giad

v 1 dv
HLUARANTUN)

4.2 MINATBUNTZIA Blocking vauzviisuilashitwlvaa

A15NAAEY Inrush Blocking 14 220V his18Tuan (No load)

XD1-T

¢A0.145A
¢B0.142 A
C0175A )
/ . PF 0.7 ninuilag
"m‘_!. j s n—m‘\
" W \PF IUB\
- . 18,
o { .g\ JECRE w-,\-m-,I
220V o= Y
3 i s
1¢ [ Psa
Fai A S S A,..‘,.,,,w_.,.m,M_mmmm,_“m,,_,_m.m,.,.m,,m..ﬁ...,,,,.wl‘,

719 4.1 HAAINITNATBUNTZUT Inrush Blocking 1 1M Tiivie Tvan
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110319 4.1 UTAINTINAABLNIZABUNIZNA Inrush Blocking 1 e lis s Traaniie

ung LABOLD 3u 745 - 50 1aufiuaduuunadiagu XDI - T Aswananslua1sied 4.1

r L 4
A5 1N 4.3 BaAIMIUTVAL % 1d, 1AznIZUA Blocking AvIaiRg?

% 1d, aralsude 1.5 01 % 1d, (A) Blocking/No
5 0.075 Blocking
7.5 0.1125 Blocking
10 0.15 Blocking
12.5 0.1875 ~ No
15 0.225 No

4.3 MINAABY Inrush Blocking 3¢ 320V liv1wTvaa

I
PFO7 i : \ :
21858 i [
~ 1s, 18 ] 10,
L& Sy — : ,,,,,, R 40 A WO o i >, . : ......
> i
e.pazh i ! i |
5 s v, £
Ly el A L A WS e - !
st 1 ! >, !
1 | ! Ay - |
| | 1 "ﬂ»—';ﬁ g‘ ]
{ N 1 2 : |
b IR ) \ || e :
I A tmapa sty
! I ' E !
| i | 1_3 t
! [ [
! i i “ !
t " | = |
| ! | 1 |
8.175 A 38 t 1w, i
N A ! Ny S 3%, ; . ; !
Ly {prremrcovieen ‘A i i it & | i s I
A, X |
1 | [
'
| ! | S |
ik ,f | A i
e | Ynd ap1-1 | | ndonUamnanmet 5= 50|
1 | 1
[

1M1 4.2 uamapsnATOUASZUA Inrush Blocking 3 1@ livioTvaa
o] = o ' 1 = o ’ Qs 3
awgilii 42 Smduvunadeiy X1 - T nehdndugadaiiuaam (A) duiu
nazuanisluTdoelia 1.73 mwesnszuafida arzuameluFmduas it Tvaamagaga

1A10.175 x 1.73 = 0.3 A AUARIHANITNAADUATEUT Inrush Blocking AIA1T 197 4.2



A13197 4.2 nAAIM31SUAY % 1d, uazaszua Blocking Aoanndavuz ludwivaa

%1d, msUSude 1.s i1 % 1d, (A) Blocking/No
5 0.0750 Blocking
7.5 0.1125 Blocking
10 0.1500 Blocking
12.5 0.1875 Blocking
15 0.2250 Blocking
17.5 0.2625 Blocking
20 0.3000 No
225 _ 0.3375 No
25 0.3750 No

4.4 NIINATOLNIZIA Blocking vos3advazyiaunegnlvana

AN 4.3 sazuaasnisnanenTua1s 199 4.3
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4.5 67un1Nn3y

4
Sidnuusnaniloafumientlas SEG {u XDI - T aunssilfudeni % Id, anndu

semuUnd uag % 1d, ihuduluszumnudes

0,
- Id= vold, when In=1 4
@ duszulng In
Id = %ld, ——— === ==~ = ———— (4.1)
D
@ Fusemuldes Id =%Id, +(Is—1) /;;‘;2
fdmuald  1s-10M
%% ld
Id =%Id, < (16 —1) 2ot - - e - (4.2
0168y ( )100 ( )

910 {4.1)1{1® Id = 5 % Id, = 5/100 = 0.05

1d = 42.5 % 1d, = 42.5/100 = 0.425
%ld,

100
1§10 % 1d, = 5% AL % 1d, = 5%

910 (4.2) e Id = Yld, +(10-1)

Td = 0.05 + (10 — 1)(5/100)
=0.05+0.45=05
A2 % Id, = 42.5% Uaz % Id, = 42.5%
1d = 0.425 + (10 - 1)(42.5/100)
=42

24
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asinaaslugilh 4.4

8 Setting 1d2

=42.5%
5 4
425 —»
N 425
L/In
] !
Coarse tripping characteristic
Setting Id1 = 100 %
1
P IS 8 B8 B e B 1 Setting
Il 4 1 1 IR g e Id2=5%%
0.5—»}— Setting Id1 =425 %
0425—> —t y =ttt 4 ~05
- Normal tripping characteristic " 7 |
Setting Id1=20% [ 0|
0.2 77
2 7 .
gw [nrush RURERS oy
0.1 blocking Y
// // /// 7
Setting Id1 =5 %
0.05 >
0.01 L
0.1 N —_— 10

1s/ln

71l 4.4 1unInT1lvesTiaduuLAAA1S 1828 Inrush Blocking yaaniialila
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4.6 nAININI
|
Tasln@sadjuiifnszue 1d Hoendn 1 A namanitezalszane 100 ms uadnszud 1d
i 1 A Yuhl panenstdszing 40 ms Hansnaasu@InI s e Inana1esg uasiiondnnos
x ] o ¥
13 Blocking 191899710 inrush current veandailas Tua1s1a¥i 4.3 3e9e@a % 1d, uag % Id, Aaua 20 %

2. ;
yu'lal daaaslugilias

., Stop Clack

R

LOAD 100 % =1 A

11l 4.5 udenlaszunsumsainiunanimil

4

o

A
|

931 4.5 Anuieinlag 800 VA 400/400 V — 230 V Aoinnenia 2 Auswnszua Tneadun 14

¥y ¥ [
1.15 A 5798 e sl Tnasdu 1, 1dgwaszumyinhy 1 A Auiaaddumsied 4.4

= A A o & ST o
A1 4.4 saaanamsnidusesad Wisnszne W50 38U

%malfudn | nszuadiasdu 1y | % nsuammmmden | namensal (ms)
Id, e 1d, |
20% (0.2A) 0.200 A | - 220
22.5 % (0.0225 A) 0225 A - 270
25% (0.25 A) 0.268 A 18 % 360
27.5%(0.275 A) 03204 45 % 400
30% (0.3 A) 0375 A 75 % - 400
32.5% (0325 A) 0.429 A 10.4 % 400
35% (0.35A) 0.480 A 13.0% 380
37.5% (0.375 A) 0526 A 15.4% 400
1405 (B4 4A) 0.555 A ; 123% 2ne
42.5 % (0.425 A) 0.640 A 21.5% 300




a = YA ' < = fd
¥INA13199 4.4 I0IMINTilvesTindegsznizg 220 ms 14 400 ms uazlinleTiFuAnTzua
’ A t 1 = o o.: v T -~ : ; @
ANAAABUBYIZNIN 0 % D4 21.5 % S1TUAS 1d, 1Az 1d, 06751319 20 % D13 25 % Madidwen1d

[ » X r
Az IHIINIAUANA 0.3 A D42.12 A dwaasluaisan 4.5

3 ] > [
13190 4.5 uaasninanivesiodiiedTud 1d, naz 1d, 139 20 %, 22.5% uaz 25 %

Line LOAD B -

I, (A) PF, 1, (A) PF, (1;) (A) (ms)
1395 | 0965 4 4 0.30 150
1.437 0.96 0.35 150
1.584 0.96 0.50 150
1.673 0.96 1A PF=1 0.60 150
1.822 0.96 0.75 150
1.970 0.96 0.90 150
2.065 0.96 1.00 150
2400 | 095 1.36 130
2.620 0.96 1.60 100
2.960 0.96 1.94 80

3.130 0.96 v v 2.12 70

s &

tazgiil 4.6 naaeTureIn1Ing tueddiad Aans 70 - 150 ms
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t (ms)
F

200
160
120

40

guntansvassiag
i z 3y e

3 -’z ¥ 4 @ 3 i
119 4.6 SrunansnTilvesTeeang 70 - 150 ms 1H9UTUAT Id, haw I, 139 20 %,22.5% 11ag 25 %
4,7 MINATOLATILMAUNIUI 1030 -
4 » T '
dnlsuds 1d, naz 1, Tidand 20 % 84 25 2% (RuAINTzIA inrush) AszuAsINAUAIER 0.2 A

019.0.268 A YU1A R, #9813 149 4.6

#13199 4.6 YUWANUA N LT IasAUEIeT WA 1 A

% mavfuda | memedndu | aaneea 3 E=Wxt
" 1aIn1InT1 (ms)
Id, nag 1d, (A) AN R, (Q) (W.s)
T
| 20 % 0.20 1000 Q LISO -300ms | 66-132
E ns% | 023 950 O 150 - 300 ms 76— 152
J 25 % 0.275 | 80 G 150 — 300 ms L 9-18

4.8 prinareunInIUvesTiad i InuRIAITANTINAAD
a4 W - A w o o 3 4, .
i.i'.‘h_sn1ﬁﬂﬂﬂﬂumaﬁnauﬂmamqﬂimﬂu IAIATUATTIUATUNIY R, A9 LUATS N9 4.7, 4.8

1as 4.9
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M3 4.7 n3vesTindanumsmiamsnanesie 1d, = 20 % uaz 1d, = 20% :
NI (A) Tunauasadng R, (Q T ]
1, 1, I, 100W | 200W | 1000Q | 950 Q | 800 Q (ms)
0.353 0 0.22 - - 1000 Q - - 150
0.359 0 0.23 - - - 950 Q - 100
0.396 0 0.285 - - - - 800 Q 140
0.78 0.46 0.22 100 W - 1000 Q - - 170
0.795 0.46 0.23 100 W - - 950 Q - 160
0.839 0.46 0285 | 100W - - - 800 Q 110
1.2163 0.92 0.21 - 200W | 1000 Q - - 170
1.235 0.9 0.23 - 200 W - 950 Q - 180
1276 | 0916 | 0285 - 200 W - - 800 Q 130 |
M3 4.8 nivesSindetnummiantimaneuile 14, = 22.5 % unz 14, = 22.5%
7L (A) Troeumaing | R, (Q) na1nInTy
I, I 1, 100W | 200w |1000Q | 950Q | 800 Q (ms)

0.353 0 0.22 - - 1600 Q - - 160
0.359 0 0.23 - - - 950 Q - 140
0.396 0 0.285 - - - - 800 Q 130
0.78 0.46 0.22 100 W - 1000 Q - - 200
0.795 0.46 0.23 100 W - - 950 Q B
0.839 0.46 0285 | 100W - - - 800 Q 160
1.2163 0.92 0.21 - 200W | 1000 Q - - 200
1.235 0.9 0.23 - 200 W - 950 Q - 250
1276 | 0916 | 0.285 - 200 W - - 800 Q 210




A13199 4.9 n3vesTminnumimBanisnaneiie Id, = 25 % ua Id, = 25%

30

AL (A) Tvaauaeadn R, (Q) 215Nl
1, I, 1, 100W | 200W | 10002 | 950Q | 800 Q (ms)
0353 0 0.22 - - 1000 Q - - Taim3l
0.359 0 0.23 - - - 950 Q - TsinTy]
0.396 0 0.255 - - - - 800 Q 100
0.78 0.46 0.22 100 W - 1000 Q - - TinTy
0.795 0.45 0.23 100 W - - 950 Q - inal
0.839 0.46 0285 | 100W - - - 800 O 170
1.2163 0.92 0.21 - 200W | 1000 Q - - hiny/
1.235 0.9 0.23 - 200 W - 950 Q - hinsd
1276 | 0916 | 0.285 - 1 aow - - 800 Q 280
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5.1 aplen

o o o - o = o ¥ % 9
IARan INANB YRS IaBIanINEMsl MsAanSliuranesdrsTmonvuradradesiundouslaudy

o

A

iU

1. NISNATBUATIA inrush blocking veansisutlaanuind ¥ ad liinan1s blocking
Ui 1d, Send 20% 'l

2. nunageummisvedadinenszuniinsdunui: nlsuds 14, uaz 14, 20%
waz 22.5 % oz hiliedisudnszionaamies uadniiuds id, uey Id, FuuR 25%
1Az 42,5 % vEin AN ARADUBgSTHINN 1.8% 1A 21.5 % veas LU

3. nenameunmnsilvedng el iudem 1d, nag 1d, Bgii 20% , 72.5 % tiaz
25 % A vy nohidunsnamsnitvesiaiegszning 70 - 150 ms (s iy
Tramidiudi (1 A)

4. mmaaeaiievinsnanesiuumamiaiiosie Tnaauasaidaonaealdvua
100 W §1u3% 2 1iWa Wi Id, 140 1d, 7 20% 1Az 22.5 % iz R, YHIR 10W
161800 ©, 950 € naz 1006 Q¥slumame lisrwTnan swinands 200w
SiadeedenTilTuanAus 100 ms - 250 ms S1uRa 1d, ung 1¢, § 25% wae R, e
950 Quiaz 1000 Q Tadez linTil uad r_ fif1800 Q Tndeznidlunad

100 ms — 280 ms

5.2 YoaueNy

1. mieemssiunmyeiganansslinunmamiounlslfiniemaneniiaduuy
wad e laomme

o' Al & N A
2. mmﬂﬁauiuﬁmumimau 9 mai:‘uuua‘liuauﬂﬂu
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S.H. Horowith; A, G. Phatke, Power system Relaying, John wiky and Sous Inc. 1985.
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SEG. XDI - T Transformer differential Protection Relay. Schaltanlagen — Elektronik — Ccrate GawabH £
Co. KG. (http://doc.seg-pp.com/doku. pdffplixdl_t/xd1_t_e.pdf)
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1 Application and features

Power konsformers are clossified os one of the mos!
voluoble equipments in o power system, hence their
protection is of very high importance. The tronsformer
differentiol protection provides fost tripping in cose of
o foull - before severe domoge spreads out.

The XD1-T reloy is o sirict selective obiject prolection
for tworwinding tronsformers, Within o very shor time
this relay delects foulls occuring within lhe zone fc be
protected and which require immediate tripping and
isolation of the transformer. Such faults are:

» short citcuits between turns, winoings ond cables ir
side the ironsformer housing

o earh raulls inside the housing

« short circuits ond earth foults outside the housing but
within the profected zane e.g. at bushings ar suppty
[ines).

The XD 1T is olso able to delert other operationol
cenduions {e.g. faulis cutside the protected zone, cir
cuit clasing efc } i.e. it does not issue Ifpping com-
mands for foulls or ony other transient phenomena out
side the protectec zone

Additianal to the ronstormer differentiol protection on
overcurrent reloy os bockup protection is recom-
mended. For this application we offer the reloys
MRIT/IRIT/7XIT.

The relay XD1-T of ihe P2OFESSIONAL UiNe has the fol-

lowing speciot fectures:

« Fault indicotion via LEDs

» Extremely wide operating ranges of the supply volt-
age by universal widetonge power supply

« Very fine grodec wide selfing ronges

» Extremely short response lime

+ Compac) design by SMD+echnalogy

» Very low C.T. burden

» Adjusiment to tronsfarmation ratio and connection
groups without extemal interposing C.T.s

« Twa stage hipping choracieristic

« Galvonic insulation between all independent inputs

« Additional prinfed circuits "Saturation Detection” can
be retrofited at o loter fime

o Selfsupervision of siabilization circuits

* Wide seifing ranges

TD_XD1-T_01.04_Gb



Figure 2. 1: Cunnection diacram

Analog inputs

The onolog secondory currents of the HV side ore fed
io the protection reiay via termincs 131 - 352 and
the secondary currents of the LV side vio terminals
48] - 652.

Auxiliary voltage supply

Unit XD1-T needs a separote ouxiliary volloge supply.

Tnerefore o DC or AC voltage must be used.

Unit XD1-T hos an inlegroled wide range powar
supply. Voltages in the renge rom 19- 300 V DC or
36- 275V AC con be opplied at connection termi-
nals Al ond AZ.

1 AD1-I_01.04_GB

B DOEDE

Contact positions

14 12 1 24 Praal

"+ Operclion without fout
or dead condilions

14 12 i1 2 2

4

G DG D ey D =

: J T . Conlact positions offer
. fipping

i Al> Al>

Figure 2.2 Centact positions of the oufput reio; s



3 Working Principle

3.1 Operating principle of the differentiol
protection

The fundamental operating principle of Iranstormer Gil-
ferential protectian is bosed on compericorn of the
fronsformer primary ond secondcry winaing currenis.
For en ideal Ironsformer, having a 1:1 retio and ne-
glecting mognetizing current, the zurresls enlering ond
leaving Ihe trensformer must be equal.

During normel operation or when o shori circuit hos
accured oulside the pratected zone, the C.T. secon
dory currents i the differentiol circuit neutrclize each
other. In cose that o ciffetentic] curren: 1, occurs, o
foult in the Ironsformer is detected.

Protected Zone

comparision
Iy

Biasing circuit ]

>k

Tripping :
charactenistic ‘

Figure 3. 1: General amangement of differentiai protection:
Id = differential fripping) curent
Is = stabilizing currer:

37

Beccuse of aifferent problems, however, in proctice
measures for caeplion and stabilization hove 1o be
token 1o ensure o blefree funclion of the transtormer
differential proleciion:

» Due to pessible mismatch of rofios omong different
current franslormers.

» Phose differences between primory ond secondory
side, cousea by transformer veclor groups, hove to
be duly consicered.

» Swilching operaliors in the ¢+id have ic be recoyr
nized cs such.

» {nrush currents of the Irensformer must not result in
mcloperation.

3.2 Balancing of phases and current
amplitudes

First of ol the phose ditference between primory and
secondory side, which is caused by transformer vecior
groups, hos lo be compensaled ond the current ompli-
fudes 1o be bolanced, Unlike mast other differential
proiectian relays available, this scheme includes inter-
posing C T.s ntegroled in the differentiol reloy, exira
interposing C.T.s ore nol required.

Connection of interposing C.T.s is dependent on the
vecior group of the power frunstarmer. For instonce,
for transformers with sior [Y) windings the inlerposing
C.T:s ore connecled in della |A] to reject residual cur-
rents [i.e. currents Howing ic the iranstarmer cue to on
earth fauk cutsice the proleclec zone and which
woulo prodice ¢ differentioi current |j ong 1o prevent
maloperation of the differential pratection.

TO_XD TG0 04_G5



3.3 Tronsformer regulation steps

The XD1-T cen universlly be used i.e. ofso for regulat-
ing fransformers with an odjustable tronstormation ratio
to sicbilize volioge fluctuations of the supplying sys
lems. Since, however, s a result of vecter group bat
ance cnd fronsformation ratio balonce the cifferenfiol
prolection is adjusted ic the nominal fransformotion re-
tio of the ronsformer, an apparent cifferential current |,
arises proporfionally to the flowing laad current. Mal-
operation of the profection is prevented by the toad-
proporional siobilizing current |,

3.4 Working principle of the C.T,
saturation delector SAT

With many transformer differential prolection systems,
reloy instobility may couse to frig if the main current
transformers salurale. In the rersient condition of saiw-
rafion the C.7.s on bath enos of the pratected zones
ao nat produce lhe correct secondory current cecord-
ing lo the rrmary currant. Tha differential reluy meas-
Lras a differential current on the secondary C.T. side
which is not present on the primary side. Hence o nui-
sonce tipping might occure.

Such transien! phenomenc causing C T. saturation
MOy occur due fo:

* Heavy Ihrough foulls (external shod circuit|

« Sloding of big motars

» Magnetizing inrush currents of trensformers

* Inlernai faulls

38

The figure 3.2 explairs the scturafion of the C.T. core
due to a shed circuit current. In the inslont of a shod
circuit often a DCcomponent is present in the current.
The high primory current induces o Hux in the C.T.
core, recching the soturalion level. The ironcore re-
lains the high flux level even chier the primary current
falls 10 zero. In the time periods of scturation the C.T.
does nol ansform the primory current 1o the secondary
side but the secondary current equals zero.

RSNV An v A

Figure 3.2: Cunent ransformer sonuration

a) Primary current with DC offset
b} Core Hux density
¢ Secandary cureant



Dissimilar salurotion in cny difierential scheme will
produce opercling currenl.

Figure 3.3 shows the differential measuremenl on the
example of extremely dissimilor saturation of C.T.s in o
differenticl scheme. Fig. 3.3 shows the secondary cur-
renl gue to C.T. soluraltion during on transfarmer fouit
finternal faull]. The differentiof current ic represenils the
foult current. The differential reloy must irip insiantane-
ausly.
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Fig. 3.3 shows the two seconocry currents in the in-
slont of on heavy externol foull, with current it sup-
posed fo C.T. saturation, current i, without C.T. satura-
tion.

The differential current id represents the measured dif-
ferenticl current, which is on aperating current. As this
differential current is coused by an external fault and
dissimitar saturation of the two C T s, the differential re-
loy should nol trip.

secondary oulput current from saturated C.T. {thearetical}
O; Internal fault fed from side | anly
measured differential curreri

as infig. 3.3 for on internat foult
normal currenl from C.T. secondary on side 2

The wove forms for the aiferantial current |, for internal and external
foulls are seen lo be diferent for the two cases cansidered.

Left Single endl fea: i, =
1. =
L=
Right External fault: i
i2
i1,i i2=0

i

id=i2-i1

/

—

i1, i2 /|>i i1 /i2
[/
% A\ ¢
id | Rid#.?—ﬁ

Figure 3.3: Current comparison with C.T.s saturated by DC offset in foult currens wave form internal fault
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The saturation detector SAT anclyses the differenticl
current of each phase seporately. The SAT medule cif
ferentiotes the differentiol current and defects:

* Rale of change of differential current dfi }/dt
« Sign of dfi,)/dt

+ Internal /external foult

« Duraiion of sofurction, within one ¢ycle

¢ DC or AC soturafion

The instan! of on extreme rate of change of differential
current dii )/dt clearly marks the beginning of o C.T.
saluration,

The sign of this dlia)/dl volue distinguishes the internal
fault from an external foult.

One detected exireme dlil/dl value per cycie indi
cares a saturalicn due lo DCeurrent conlents,
Whereas two extreme dli}/d1 volues per cycle indi-
cate o C.T. soturotion caused by o high allemating
current.

The legic conirol evoluating obove information de-
fivea,

Only external faults fead 1o blocking of the Frip circuit:

* In cate of cetected DCurreni saturation the differ-
enlial current meosurement is blocked completely
until: the transient condition ends, or an inlernal fault
is detected {instontanecusly, or AC~current saluralion
is detected.

* In case of detectec AC<urrent saturation only the
iime periods of saturolion ore blocked during one
ycle. This means thal even under severe saturation
the diffeceniial relay evaluates the differential current
in "sound” fime periods. This is o majer advanioge
io relays solely applying harmenic filters for saluro-
fion delecting.

« All delected fransient phenomeno change the trip-
ping characleristic lo the "coarse Iripping characler-
isfic” {pl. ref. 1o Technicol Dota).

TO_XD1-[_01.04_GB
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This logic coniral circuit provices ¢ continuous sell di-
agnostic, limiling any blacking function to maximum of
1.7 seconcs.

This approach has several odvanloges. For exampie,
o C7. s~tuccied os a result of an external fault, the
reloy remains slable becouse the measuring systern
recognizes the cifferentiol current is due to C.T. saturo-
fion arising from ¢ faull cutsice the prolected zone.
However, it on inlerncl fault cccurs, this is immediotely
recognized, blacking is overriaden ard the relay trips
immediately.

Similerly, it ¢ foult occurs during magnetizing inrush of
o tronsformer this is immediolely detecled and the dit-
ferentiol reley operates correctly trip~ina the trans-
former.



3.5 Transformer inrush

When e Irenstarmer is first energized, a tronsient in-
tush current Hows, This inrush current occurs anly in ihe
energized winding ond hos na equivalent on the other
side of the ionsforn.er. The full amount of inrush current
cppears cs cifferential current ond waula cause the
differential reloy 1o irip if there is no stebilisation
agoinst the infush phenomenaon.

Typically the inrush current contains three companents
that distinguish it from other fault currents:

The DCcomponent:

The DCcomponent is present ot leas! in one
phase cfibe inruch cusrent, dapending on the
instani of energizing.

The second harmonic:

The secanc hormonic is present in ol inrush
currents cue fo unidirecioncl flux in the
transtormer —ore.

The Ffin harmonic:

The fifth harmoric is present when the
tronsformer is subjected o a temporary
avervoliage.

The filter medule "SAT" dedects not only C.T. saturction
due 1o external faults but olso the inrush curcent of the
transtormer to be protectec.

The differenticl current i, of ecch phase is onclysec
seporalely. The signol of i, posses a filker arrangement
detecting transient condilions due 1o the DC-
component, the secona harmenic and the fifth hor-
monic.

Thus cll three componenis are used for aetecting an in
rush current. The limits for blocking of the difterential
profection cre:

DCcomponent: 20%...60% ol i,
2ng harmoric: 20%...50% of i,
Sth harmoniz: 10%.. 25% of i,

4]

The resfrcining influence, resp. the blocking depencs
on the combinatian of the three componenis. If only @
single component is present, the highest value applies.
if ¢ mixture of oll three compenents is present, the fow-
est values apply.

With this combined measurement of the three restrcin-
ing components XD ]-T achieves:

+ Relicble inrush stahifisation
« Fosl ripping # the incoming Irorsformer is defective
» Reslraining feature against C.T.saturafion.

Whereas o complete blocking of the protection is orly
performed during the first energizing of the trens-
former, the harmenic contenl supervision reslrains dur-
ing normal operalion ogeinst phencmena like C.T.
sciuration. This meons thal inlernal faulis will be de-
lected instantaneously (ms), whereas extemal foulls do
noi cause tripping.

The inrush blocking is siopped when:

» The differential current |, falls below the tripping cho-
raclerisiic, or

» the differential current |, shows on internal faul, ac-
cording 1o he harmonic conlent, or

o the differential current I, exceeds 15 x nomingi cur-
rent, of

* 3 fixed pericd of fime has elopsed.

The basic relay version without module "SAT" does
not provide the harmenic resirain feature.

For epplicaticns on bigger transformers or for genero-

iortransformer proleclion we recommend the use of

module "SAT".

TD_XD1T_0¢ 04_GS5
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4 Operation and setlings

All opercting elements needed for sefling paromelers
are localed on the fronl plate of the XDT-T as well as
oll display slements.

Because of this all ogjustments of the unit can be
made or chonged without disconnecting the unit off
the DIN=il.

— _
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Figue 4.1: Front plate XD1-T

For adjusiment of Ihe unit the ronsporent cover hos 1o
be opened as illustrated. Do not use forcel The Fans-
parent cover has two inserts for lobels.

Figure 4.2 How to open the Iransparent cover

LED:

LED ,ON" is useo for displey of the recciness for ser-
vice lof ooplied cuxiliary voltage Uv}. LEDs L1, 12 L3
and TRIP cre provided for foult indication. LED AZ/CD
indicotes inrush stabilization. For ieloys with an oddi-
fional SAT mcdule, chongeover 1o 1he coarse meosur
ing element is indicaled.

Reset push-button

The Reset push-bution i usec fer acrnowieogement
onc reseting the LEDs ofter tripping

Potentiometer

The 3 patentiomeler on the lowsr righ sice of tha fronl

plale are pravided for adjustmant o tha intzrposing
C.Ts frefer to chapler 5.3.1j.
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4.1 Poarameter setting by using

Dip-switches

The XD 1-T provides two DIPswilches for the adjust-
ment of the tripping characleristic:

l,; represents the setting far the iripping area below
nominal current. The i, setling relales ta the nominol
current of the reloy ond is independent aof the through
current.

l, represents the sefting for the ripping crea chove
nomincl current. The 1, sefling relaies 1o the “stcbilizing
current Is". Whereas Is is the current flowing through
the prolected cone. This biasing areo is importanl for
external foults. The higher the currer: due 1o an exter-
nal fauli, the higher is the biosing influence.

On through foulls, large differentiol currents may be
produced by the transformer iop changar or cue to
mismolching of the current ronsformers. The biosed
slope characteristic prevents incorrect operation of the

rekry under these conditions.

With the odditional moduie AT the tr pplno cheracter-
islic changes to "crarse” in cese of oelectea ransient
phenomena, os explained above. The fixed rripping
values for the coorse measu ement are:

I, = 100%1,

L= G0% s

4.2 Sefting recommendations

The rripping charocterislic should be selecled accord-
ing 1o the known mismalch of the secondary currents
fed lo the relay plus o sofety morgin of 1010 15 %.
This setting ovoids moloperation coused by nomal
lood condilions.

Mismolch of the currents may be producea by:

» Rolio error ond phase shifing of the C.T.s. E.g.: For
prolection C.T.s of 10P20 raling the rotio error of
nominol current is mox. 3 %. At 20 fimes nominal
current the rotio error reaches 10 %

TD_X5:-1.071.04_G3

» load tap changer {LTC). The avtametic LTC may
vory the ralio of the protected transformer as much
os £10%. This causes a currenl mismatch of the
scme amount,

« Die Abweichung, die sich durch die Transfarmator-
Schaligruppe ergibt, sollte durch die inlernen
Stromwondler und deren Biirden kompensien wer-

den.

Considering the example above, both settings 1, ond
l,, shouid be set fo:

3% + 3% for C.T. errors

10% kor ransfarmer step changer

15% safety margin .
Arrives to a sefting of 31%. The nearest possible sel-
ting is 30%. Hence both DIPswilches should be sef lo
30%. The piciures below show the DIP-swilch setfing
as well os the octual tripping characierislic.
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Figure 4 3: Adjustnent example



For this DiPswilches for i, and I, have e be in the
following positions:

rigure 4.4: Adjusment of step switches
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5 Relay testing and

commissioning

Correct connection of primory ono secondory side of
the C.T.s as well os the carrect connection ond od-
jusiment of the internol metching C.T.s cr= the condt
lion for o perfect service of the differenticl relay.
Therelore please abserve:
The order form shoulo be filiea with greot care.
The transformer differentiol reloy will be
preadjusted of SEG occarging lo the order form.

When taking the relay inic service the cammissioning

checks expbined below shoulo be followed.

The fesi instructions following below help 1o verify the

protaction reloy perfarmonce before or during commis-

sioning of the prc'ectiun system. .To ovoid @ reloy
damoge and to ensure o correct reloy operolion, be
sure that:

= the cuxiliory power supply raling corresponds 1o the
auxiliary volloge on site.

+ the raled currenl correspond to the plont dala on
sile.

* the current lronsformer circuits ore connecled o the
relay correctly. Please poy speciol offention ko to
the primary connactions of the C.T.s.

» the input circuils and ouiput relay circuits are con-
nected correctly.

5.1 Poweron

NOTE!

Prior to swilch on the quxiticry power supply, be sure
thet the cuxiliary supply voltage correspands with the
rated dalc on the type plote.

When the ouxiliary supply is swilchea on please
observe thal the (ED "ON" s alight.

5.2 Secondary injection test

Tesi equipment:

» One cdjustable curreni saurce up to two times nomi-
nal current of the relay

e Ammeter with class 1

» Auxiliary supply source corresponding with the nomi-
nal auxiliary supply of the relay.

» Power diode (10 A)

» Swilching device

¢ Test leads and lools

NOTE!

Before this lest is initiated by means of secondary cur-

rent, il must be ensured that the relay cannot cause

any switching actions in the sys'em (shul-down risk].

TO_XD+T.01.04_GB



5.2.1Trip level L,

Inject & current inlo each current input cccording to the

lest circuit below and check the current value af which

a trip eccures. The tipping values should correspond

la:

s For the relay side connected Io the starside cf the
iransformer: 1.73 times the setling of 1 ..

* For the reloy side connected ta the delta sice of the
transformer: 1.0 times the setting of 1,,.

The difference of tripping levels is explained by the in-
termo! matching C.T.s. The storside matching C.7.5
are inlermnally connectad in della ond iransform the cur-
rert 1o a value 0.58 times the inpui current.

The delia side malching C.T.s are internally conneciad
in star. Hence the tranzfor ation ratio is 1.

' wprr
2 ® é 181! 111
1 S
I ; | 1"
P 183, Li2
251 124
Stromquelle —
current soutce 2

Figure 5.1+ Test circuit

5.2,2Inrush blocking
' xor-T
151! L
e
I I
152 112
251 123

Stromguelle
currant source

Figure 5.2: Test cireuit For inrush blocking

Adijus! the input current la opp. 1.5 times nominal cur
rent. Swikch aff the curent.

Swilch the current on with the same adjusiment. Ot
serve lhat the inrush blocking LED lights up and no tip
occurs. Observe that clter o biocking time af 3.5 s the
LED extinguishes and o trip occurs. This is caused by
tha maximum blocking time supervisian. Swilch the
curtent off. If scluration deleciar SAT is used the moxi-
mum blocking time is reduced 10 1.7 s.

12 /4571 0:.04_GB
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5.3 Primary test

The lest of the correct connection of the main C.7.s
aond the correct matching of the internal measuring vat
ues can only be done with the transformer in service.
A minimum load of app. 50 % of the transformer load
is recommended to ovoid malinterpretatian of measur-
ing volues. At low currents the mognetizing current of
the transformer has a high influence on the test resulls.
Moake sure that the trip circuit of the differential relay is
blocked and connot couse unwanted fripping. On the
other hand 6 backup proteclion, like an overcurrent
relay, must protect the transformer in case of fauls |

5.3.1Adjustmen* of the interposing C.T.s

The correct connection and aecurate odjustment of the
C.T.s con be checked with a voltmeter. For this 7 ter-

minols ore provided at the lower lerminal strip. The os-
socicted adjusiment polentiometers cre crrangee abo-
ve these terminals. Differences of the main C.T.s up
15 % I, cun be adjusted by the potentiometers.

iL3 O--

\.

Figure 5.3: Connection of voltmeter

Informalion abaut measuring results con be found on
the following table.

(%)
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Measuring 1 {111 - GND) 550 mv
ai Measusing 2 {211 - GND) 550 mv Correct conneclion
Measuring 3 (111 - 2L1] 1100 mV
Measuring 1 {1L1 - GNDJ 550 mV
bl Measuring 2 (211 - GND) 550 mv Current ficw of 0 CT. (51 and $2) is mixedup
" Measuring 3 {1L1 - 2L1] Omv
Measuring 1 (111 - GNDJ 550 mv Phose position mixecup le.g. one current from
c] Measuring 2 {2L1 - GND) 550 mV phcse L1, the other one from phose L2
Meosuring 3 {1L1 - 2T} 550 mV
Measuring 1 {111 - GND) 550 mV Current flow and phase posilion of a C.T. is
d) Measuring 2 [2L1 - GNDJ 550 mV mixed-up
Measuring 3 {111 - 211 Q50 mV

Table 5. 1: Measuring results

The inlernel mecsuring voliages proportional lo the in-
put currents may be measured as follows. The meosur-
ing instrument should be a digital mullimeter zof 1o AC-
voltage measurement, ronge 2.0 V. The readings
stated below refer te nominal current of the transformer
[referring to the order form]. Any curent value below
may be celrulated proportionally.

Please also note that due 1o the C.T. errors and the
fransformer magnetizing current the mecsuied values
might deviai= up to 10% from the theoretical vatues.

Nominal load current of the fransformer is generally
fransformed to the internal meosuring voliage of

550 mV AC. Both omplitudes of the measuring volt-
ages of one phase, e.y. 111 ond 112, should be
equal. The phase angle of the vollage: of one phase,
e.g. 1L1 and 112, must be 1BO degrees. A slight de-
viotion might be coused by the magnelizing current of
the transformer.

Herce the differeniici mecsurement in one phase, e.g.
leod 1 connected to TL1 and lead 2 connecled 1o
2L1, must read rwice the volue of the measurement
111 to GND.

In case there are devialions from the expecied volue
please check all wiring lo ihe reloy. This check must
include the connection of the primary C.T. side cnd
the secondory side. In mosl cases a wrong conneclion
of the C.T.s is lhe reoson for maloperation of the dil
ferentiol prolection. If ofl connections ore correct ond
the internol measuring volue slill shows deviations from
the expected volues, please check il the Ironsformer

group given on the type plate corresponds to the trons:

former vector group.

If the single endec reasurements fe.g. 111 - GND}
differ within one phase, e.g.:

111 - GIND: 400 mV
211 - GND: 500 mV
1l -201: 1000 mv

but the Jittererisl mecsuremert equals the sum of both
the deviotion may be bolenced using the cencerned
prtentiometer on the front plate.

5.3.2Funchion test

Attention!
Disconnect oll leads for cajusiing the interposing C.T.s
ond periorm the following funclion test:

locd the transformer with minimum S0% load. Assure
that the kipping of the trensformer C.B. does nol cause
unwanted cameges {blackout].

To opercte the differentiol reloy use a sharting link be-
tween one of the phose terminals ond GND, n.g.
connecl tL1 10 GND. The reley shoule trip immed-
otely. If nc inp cccurs. mcke sute thot the ioes current
exceecs the set value of |
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6 Technical data

6.1 Relay case

Relay XD1T-Tis designed to be fastened anto a DINTail acz. to DIN EIN 50022, the same os ol units of the
PROFESSIONAL UNE.

The front plote of the relay is prolecled with o sealoble Irensporent cover {[P40).

2247

_ -
|
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110

75

Figure 6 1 Dimensionad drawing

Connection terminals

The connection of up to a moximum 2 x 2.5 mm* crosssection conauciors is possible. For this the fronsporent
cover of the unit has 1o be emoved isee poic. 4).
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6.2 Technical Data
Measuring input
Rated dota:

Roled current |;;
Roled frequency f:

Power consumption in current circuil:

Thermal withstand capcbility
in current circuil;

Auxiliary voltage

" Rated auxiliory voltages U,,:

General datg

Dropoul to pickup ratio:
Returning timz=:

Retuming lime ofler tripping:
Minimum opercting time:

Qutput relays

1A/ 5A
50-60Hz

oll,=1A
atl,=5A

dynomic current withstond [halfwave)

for 1 s

for 10°s

contiauously

<0.1 VA
<05 VA

A9

250 x 1,

100 x |,
30 x1,
4xl,

35-275VAC | =40-70Hz}
19-390VLC

>Q7%
<50ms

100ms £10ms

40me

The outpul reloys have the follawing characteristics:

Meximum brecking copacity:
For DCwoltage:

Mex. rates meking current:
Making curreni:
Mechonical lile spon:
Elecirical life span:
Cenlaci maoterial:

250V AC /1500 VA / conlinuous curreni © A

ohmic '1/R=40ms L/R = 70 ms
300V DC 0,3A/90W 02A/63W| O1BA/54W
250VvDC| 04A/100W 03A/70W|[ 0,15A/40 W|
110v DC 05A/55W 0,4A/40W| O020A/22W
60V DC 07 A/A2 W 0.5A/30W| 030A/17W
’> 24VDC| 60A/144W| 4,2A/100W]| 2,50 A/J6OW

64 A [VDE 0435/0972 and IEC 65/VDE 0860/8.86)
min. 20 A (16 ms)

30 x 10" operating cycles
2 x 10° operating cycles at 220V AC / & A
silver cadmium oxide {AgCaO)

TD_XD1-T_01.04_GB



System duta
Design stanaara:

Specified ambient service
Storoge lemperoture ronge:
Operating temperolure ronge:

Enviranmentet pratection class F
as per DIN 40040 and per
DIN IEC 68 port 2-3;

Insulotian test vollage, inpuls
ond outpuls between themselves
and 1o the reloy frame as per
VDE 0435, part 303 ond

S 2355

Impulse test vallage, inputs

and autpuls between themselves
and fo the reloy frame as per
VDE 0433, port 303 and

IEC 255-5:

High frequency interference

tesi valloge, inputs ona oulputs
between themselves ond 1o the
relay frame os per IEC 255-6:

Electiostolic discharge {ESD]
lest os per VDE 0843, pert 2
IEC 801-2:

Radiated electramagnetic fielo
tesl as per VDE 0843, part 3
IEC BOI1-3:

Electrical fast transient [Bursi]
tesl as per VDE 0843, par 4
EC 801-4:

Radio inlerference suppressian
test os per DIN/VDE 57871:

Mechanical tests:
Shock:

Vibration:

Degree of proleclion:
Weight:

Mounling position:

Overvoltage class:
Relay cose materiol:

TDADITO 04_G5
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VDE 0435, T303; IEC 255-4; BS142

-40°C ta + 85°C
-20°C 10 + 70°C

relative humidity 95 % of 40°7 for 56 doys

2.5kVielf.), 50Hz; 1 min

5KV; 1.2/50 5, 0.5 )

2.5 kV/1Hz

8 kv

efectric tield strength 1O V/m

4kv/25kHz, 15 ms

limit value class A

closs 1 as per DIN IEC 255 part 21-2
class 1 as per DINIEC 255 pod 21-1
P40 at closed front cover

ca. 1.5kg

ony

I
sellextinguishing

~i
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Tripping characteristics

Setting 1d2
il — TTIT 60%
4 ; 2.5%
e A
T T Ty
T . / i
Id’qt{ L : / ]
|

RN /’ |
¥ PP stic [N
o* rL / _

P4 Y SO0 0 e %

FSetting Idb = 42,5%

10!

102
fo!

Figure 6.2: Tripping rcnge

t [ms]_

100
80-
604
40

20 4

5
Lyl

Figure ©.3: Tripping time

'8 1o/ 1.0" G4_GB
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Accuracy details

[
for l, < b ex 3hip~'dset 100%
. . lN
|
i .
ol 21, e=| 2 4= 00y
i 5
where e = relalive errar

ls = stabilizing current
I, = roted current
ls.. = measuring dilferenfial current -which results in tripping
l,.. = differential current setiing
Nole; The accuracy detoils quated are hased an inlerpasing current transfor-
mer with exoct ~orreclion rohia.

Accuracy af reference condifions:
» Temperoture range

-5°C...40°C es25%
* [recuency rongs
50 Hz. .60 Hz: e<25%

Il the aperating tamperature or frequency are aulside the ranges quole, odditional errors are:
* Temperalure range

20°C.. 70°C: Eu<25%
¢ frecuency range
45 Hz...66 Hz: ew=1%

To¥D T_0F 04_6G5
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Differential protection relay

XD1-

Transformer pratection {two windings)

Primary raled curem

1A
5A

Secongary rated curent

LA
SA

none

Laiching relay and manual reset

SP

none

Exira equiorent for eliable funclioning during CT saturation *

SAT

* Please leave box empty if option is nof desired

Tronsformer rated capecily

Vector group
vollage

Current transformer ratio

Roted currert

High volloge sice
Low volioge side
High voltage side
Low volioge side
High volioge side
Low volioge side

MVA

kV +

%o

S -y

Important instruction |

In order to ensure the balencing of the transformer differentiol circuit, the voriotion of the current referred! 1o the
current tronsformer secondary shall be in the range frlom 50 % [0.5 Afar 1 ACTand 2.5 Afor SACT) uploo
maximum of 110 % (1.1 Afor 1 ACTond 5.5 Afor 5 A CT). We requast you ta kindly consider this tactor
while choosing the loyout of the tronsformer.

Please check by meens d the following formulc the correcinass of your dato: S=U-I- V3

Tachnical coto subject to chonge without nofice !

o

TDXD1-T_01.04_GB
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Project: SEG job.mo.:
Function group: = location: # Relay code -
Reloy functions: Dete:
Setting of parameters
Default Actual
Funrtion I_Unit settings seftings
Id1 ﬁlDi[‘ﬁ-:*renliol current 1 ‘ % In 3
ld2 ‘ Differentiol current 2 % In 5

1D_XD1-T_01.04_GB
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g
GOOPER Power Systems

MD32T Transformer Differential Relay

Electrical Apparatus

150-30

The MD32T Transformer Differential
Relay is a member of Cooper
Power Systerns’ Edison® line of
microprocessor based protective
relays. The MD32T relay offers the
following functions:

M Hiah and low set diffarential
elemeris for each phase with
multi-slope bias characteristics.
The MD32T is suitable for
protecting any two winding
transformer or a three winding
transformer with unit-directional
current flow,

E |ow set differential clement
response iime of less than 2
cycles, high set response time
under 1 cycle.

B Programmable Znd and 5th
harmonic resiraint elements
which may be reduced auto-
mailically during transformer
energization or at any time by
an exiernal trigger.

A Restricted ground fauit element.

B Automatic CT ratio cainpen-
sation for all transformer
winding and CT connection
canfigurations through
programmable vector groups.

M 16 cycle oscillographic records
of trip events. An oscillographic
record may also be triggered
externally.

The MD32T also shares the
following features common to alt
Edison® relays:

B Simple five outton man machine
interface (MMI} allows access to
all functions, settings, and
stored dala without the need for
a compuier,

M Bright electroluminescent
dispiay easily visible even in
brightly lit environments.

B Draw-out design permits relay
testing without disturbing
connections to case.

Figure 1.

Front Viaw of the MD32T Transformer Differential Relay

M Modbus communication
protocol and RS435 ferminal on
rear.

B Modular design allows the
draw-out module to be fitted to
a variety of space saving
cabinet styles.

B Three programmable Form C
(SPDT) ocutput contacts and one
Form AJE conlact.

M Pick-up {start-time) elements.

B Programmable reset
characteristics.

B Dedicated power supply/relay
fail output contacts.

Applications

The MD32T is ideally suited for the
protection of any two winding
transformer against two or three
phase internal faults, inter-turn
faulls, and ground faults in
transformers with low-impedance
or solidly grounded neutrals.

Tha MD32T may also be used to
protect multi-winding transformers
whare one winding always acts as
the source winding, and the CTs of
the other load windings are
connected in an appropriate
manner to represent the sum of the
load currents.

For autotransformer-started moftors,
some diffarential protection
schemes include the
autotransformer in the zone of
protection. In this case a rotating
machine differential relay, such as
the MD32G, is not suitable as the
2nd and 5th harmonic restraint
functions common to transformer
differential relays is required. For
this application, the MD32T should
be used,

AugeEt 1337 « Hew |ssus

ez -5l
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MD32T Transformer Differential Relay

Ally 1)

Al
R% = 100 — = 1pp

A‘R A(|1 "l2)}2

tefln s _ L

In In
18

_Ls..z.l_g.-l- IJ._05 .Ro/o

In In {In ) 100
2 - Is_ g, 2R%, s

in=n* 700 G- 29
1_

-‘2518

In

Idin

Q

05 1 2
ls= Effective relay's operzion differertial cument 9

Id= Reday’s setting differential current

25 3

{=d>]for 1Fa7
‘=[d»] for 2FB7

Figure 2.

Dual Slope Bias Characteristic of the MD32T Differential Relay

Multi-slope Biased
Differential Element

Eacn phase is provided with its
own differential element with a
characteristic as shown in Figure 2.
The relay internally calculates the
RMS value of the differential
current compensaled for any CT
ratio and phase angle mismatch.

The minimum differential current
required for operation is adjustable
between 0.1 and 0.5 pu of the rated
current. This setfing is fixed up to
0.5 pu of the transformars rated
current. Above 0.5 pu compen-
sation of the sef point is required
for CT saturation, which may occur
at higher current levels, and for
voliage ratio fluctuations caused by
on-load tap changers, From 0.5 to
2.5 pu of rated current, the slope of
the differential element is
adjustable between 10 and 50%.
Between 2.5 pu and 18 pu of rated
current, the bias slope is fixed at
100%.

Low Set Differential
Element

in addition to the multi-stope bias
charauteristic, the low set
differential element is further
equipped witn programmable 2nd
and 5th harmonic restraint logic.

During transformer energization,
significant 2nd harmonic current is
present, which may result in false
trips. This requires the relay to
suppress its response to the 2nd
harmonic component of current.
The MD32T allows for adjustment
of the 2nd harmonic resiraint
slement over the range of 0.1 to 0.3
pu of the transformers rated
current.

Similarly, over-excitation of the
transformer may result in significant
levels of 5th harmonic current,
requiring similar restraint
characteristics. The MD32T aliows
for an adjustment renge of 0.2 - 0.4
pu of rated current. Either or both
the 2nd and 5th harmonic restraint
elements may be disabled if
desired.

To avoid problems associatad with
the harmonic restraint elements
from being too sensitive on actual

faults and blocking the relay, the
MD32T allows the harmonic
resiraini settings to be lowerea {o
as litle as one-half the normal
selfings during a programmable
time period Bllowing transformer
energization. Transformer ener-
gization is sensed via a digital input
connected fo an auxiliary contact
on the transformer’s breaker.

High Set Differential

An instantaneous (high set)
differential element is provided to
quickly remove the lransformer
from service in the event of severe
internal faults. To effectively
eliminate the effects of dc offsets
and harmonics, the relay trips on
the sensing of sequential positive
and negative peak currents whose
magnitude exceeds the high set trip
level.

The high set trip level may be either
sel lo be a fixed value, or may be
biased in the same fashion as ihe
low set element. Due to the oper-
ational nature of the element, no
harmonic programmable harmonic
restraint elements are provided.
This element will operate in less
than 1 cycle {15 msec).
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Ground Fault Protection

To provide greater coverage for
ground faults, the MD32T monitors
the fundamental frequency
component of current fed into the
ground element inputs. Depending
upon the connection, this element
can perform:

8 Restricted ground fault
protection for one Y connecled
winding (87N).

B Residual current (3lo} protection
of one winding (51G;.

B Neutral current protection of
chne winding (51N).

This ground fauit element consists
of a definite time high set element
and a fixed 30 ms response time
irstantaneous element. This
element may be blocked during
transfcrmer energization.

Targets'

Eight bnght LED targets are
provided as follows:

® Cne red LED for each of
the three phase differential
elements.

8 Cne red LED for the restricted
ground fault element.

B Two red LEDs {o signal when
the 2nd or Sih harmonic
currents respectively exceed the
restraint level.

For all of the above, the LEDs fiash
when the element is picked up, and
constantly illuminate upon trip. In
addition, one yellow LED is
provided which illuminates when
the blocking input is active. A
second yellow LED flashes when
the relay is in programming mode,
and illuminates constantly upon
relay or power supply failure.

Blocking Input

An oplo-isolated programmable
blocking input is provided. This
input may be programmed so that
when activated, any combination of
the low set differential, high set
differential, or ground faull elements

While the blocking.iriput is active,
the pickup of any element
associated with the blocking input is
prevented. Sensing of the input

quantities and the counidown of
any timers begins only when the
blocking is removed.

Reset Characteristic

The programmable output relays
may be programmed to reset in one
of twa manners.

B Instantaneously upon the input
or calculated guantities
dropping below the pickup
value.

@ Manual reset (by front panel or
computer command} only.

Measurements and
inrush Values

The following quantities are
continuously monitored and are
available for display at the relay and
are accessible by software:

B RMS values ol each phase's
difrerential cumrent

B Fundamental frequency
component of ihe neutral
current in per unit of the rated
phase current.

B RMS values of the three high
side currents.

B RMS vaiues of the three low
side currents.

W 2nd and 5th harmonic curent
components of each of the
phase’s differeniial currents.

In addition, the maximum values of
each of these quantities during the
first 100 msec after transformer
energization is also recorded. This
makes it canvenient to quickly
review the inrush currents
associated with the most recent
energization.

Last Trip Record

The following parameters are
slored in non-volatile memory,
providing details of the last five trip
events:

8 Which element was the cause
of the last trip.

B8 The values of ali measured
currents at the time of trip.

In addition the relays keep a
cumulative total of the cause of all
breaker trips.

Oscillography

The MD32T stores two
oscillographic records which are
made available for downloading 1o
a PC for graphing. All six input
phase currents are recorded. Each
oscillographic record consists of 8
pre-trigger and 8-post trigger
cycles, for a total of 16 cycles. The
waveform is sampled at 12 samples
per cycle. Storage of an
oscillographic record may be
programmed to occur automatically
every time a protactive element
trips, or to oceur only upon an
external trigger.

Output Elements

The following functions may be
programmed to one or more of the
output relays. The only limitation is
*hat pick-up and time delay
functions may not be assigned to
operate the same output relay{(s).

® Low set differential element.
B High set differential element.

&/ Instantaneous ground fault
element.

H Time delayed ground fault
element.

Diagnostics

Complete memory and circuit
diagnostics are run upon powering
the retay. The revision level of the
firmware is displayed at this time.

The relay runs a comprehensive set
of diagnostics every 15 minutes
that includes memory checksum,
test of ihe A/D converters by
injection of an internally generated
reference voltage, and a check of
the ALU.

The relay provides two manual test
routines which may be run at any
time. The first routine performs the
same 15 minute test and in addition
checks the target LEDs and the
control circuitry to the output relays
without operating the output relays.
The second test is identical but also
operates the output relays.
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TJABLE 1
Functional Specifications

Nominal systemn frequency setting range... .
Programmable rated primary input current of phase CTs

'Irarlsforrmr connection and vector group ...
Differential Element

Minimum pick-up leveld of high set differential element

Progmmmable rated phm-hphasa vonage of transfotmr

Minimum pick-up level of low set differential elament ...

.50 or 60 Hz v i !

....1 - 99994 in 1A steps(High ano low side CT programmable separatety)

...0.20 to 380,00 kV in 0.01 kV s'ers
....(High and low side vottages programmable separataly)

.. Yy0 1o Y20

0.10 to 0.50 pu of ried CT current in 0.01 pu step
...2.0 to 18.0 pu of rated CT current In 0.1 pu steps
...10 - 50% in 1% steps

2nd Harmonic restraint level, .,
5th Harmonic restraint level..........
Harmonic restraint multiplier (raducnon N

Bias percantage slope from 0.5 putn 2.5 pu rated CT cument,

...0.10 to 0.30 pu of the differential current in 0.01 pu steps
...0.20 to 0.40 pu of the differential current in 0.01 pu steps
.-.8.50 ta 1.00 pu of oniginal setting in 0.01 pu steps during energization
.....{2nd and Sth harmonic restraint mukipliers programmable separately)

Ground Fautt Element

Time delay of ground fult element

Harmoruc re'tralnt reducbon timer (s!artmg at transformer energlzauor.) 0.05 to 94.00 seconds in 0.01 sec. steps

Minimum pick-up love! for grourd favlt element........ccoooceeecvecerc e ineereens

0.01 1o 1.00 pu of rated CT curent in 0.01 pu steps
...0.02 t0 9.99 seconds in 0.01 second steps as described in IEC 76

Dimensional and
Electrical Specifications

See Cataloq Saction 150-05 for
electrical specifications and
dimensional information on all
Edison® Relays.

Crdering Information

Construct cataleg number from
Table 2,

Example: MD32TL5JS is an MD32T
with low range power supply, 5A CT
inputs, in a single relay case.

If ordering two or more ralaye to be
fit in a common case, the first relay
ordered should indicate the case
style desired. This relay will be
located in the leftmost bay of the
case. Subsequent relays should use
the C2, C3, or C4 suffixes tc denote
their position in the case using the
leftmost bay as a C1 reference.

©1997 Cooper Power Systems, Inc.

Edison® is a registered trademark af Cooper industries, Inc.

TABLE 2
Catalog Numbers
Description Caftalog vumoer
Sase Relay ML32T
To the above add one 2ach of the
follcwing epplicable suffixes
Power Supply’
24-110V ACIDC L
90-220V AC/DC H
Rated CT Input
1A 1
5A 5
Meodbus Protocot J
Czse Style? ’
Draw out relay only, no cabinet supplied D
Single relay case S
Double relay case T
15" Rack mount cabinet N
Mcunting Position
Denotes mounting position in either a double cz2
case or 19" Rack along with other relays c3
ordered at the same time. c4

1 The power supplies are user replaceable and interchangeable. See Catalog section 150-99,

2 The relay itself may be drawn cut of any of the fisted cases and plugged into any of the other
case styles. The catalog number specified during ordering denctes the type of cabinet in which
the relay will be shipped.

g
COOPER Power Systems

P.O. Box 1640, Waukesha, Wi 53187
hitp:/iwww.cooperpower.com/
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® P.inted on Recycled Paper



	1.Front
	2.Chapter1
	3.Chapter2
	4.Chapter3
	5.Chapter4
	6.Chapter5
	7.References
	8.Appendices



