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SIEMENS

Comparison protection - Principles
Absol ute selectivity by using communications

A S @ &1 B *Directional comparison
—> <=
_ '\> Exchange of YES/ NO signals
protection range |- (fault forward / reverse)
re\{-erse forward forward reverse e C t :
g —> | | urrent comparison
Relay " communication Relay | DI |
—
Sampled values
t 4 Phasors N |
Binary decisions B B
scomparison of
: | ~ momentary values or phasors
| | v
B *|Dl|=]1,-1g]|>limiting value
A
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SIEMENS

Protection Criterion “current difference"
(differential protection)

n Kirchhoff's law: 1, +1,+1; +...1 1= 144=0; /
Current difference indicates fault

n Security by through-current dependent restraint ’
ILHI2]+ ... In] = 1 5

] protection|
n Characteristic: | /Q object [
it _ TN \

Ires \

n Absolute zone selectivity (limits: CT locations)
No “back-up” for external faults

n Differential protection: for generators, motors, transformers, lines and busbars
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SIEMENS

Current differential protection: Basic principle

|, F |, : P

- ' Protection =N ’ - ' Protection A T
i object - object '
1 l ) |l 1 )
i, 2
DI> | DI=I. +1 IlT DI> | Di=l,+ |
=Tl ) 12
_ i
external fault or load internal fault
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SIEMENS

Differential protection: Connection circuit

Traditional technique Digital technique

VIR e SR {/@\ e

L1
2 [ 1] \
—< o IYYN EPVN L2 o Y YN oo,
L3 S@Zﬁ_ 3 [T 1\ v/l [
’_lll ._|||v III—O
3 &
S <
S| o | |g
Dl | |ol || D
3 I 7
Galvanically connected circuits must only be CT circuits of digital relays are
earthed once! segregated and must each be earthed !
Different CT ratios need to be adapted by auxiliary Digital relays have integrated
CTd! numerical ratio adaptation !
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SIEMENS

Generator and transformer differential protection

L LN\

L1 —0Q)
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SIEMENS

Transformer differential protection

Yd5
L1 AP YL Y A
L2 AP -~ | L _ca
L3 AP | e IO
Hi 1 H

________________________________________________________

. Matching I
. transformer Dl Dl Dl

_________________________________________________________
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SIEMENS

Current transformer:

Principle, transformation ratio, polarity

ol—l> | Iy 12
T g Bw i : ° ® ® °
ulC Rk @|1)W1_|2)W2 Y [ ]u
. 1 2
P
o—/| Fly i :i e °
u, | S BW @ wWoW .
2.5 D) 2 ! 2 Polarity marks
—
Function principle
14 i2 o ,r\'f\\ ‘o)
.| E L
o ° S S,

Equivalent electrical circuit

Designation of CT terminals
according to IEC 60044-1
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SIEMENS

Busbar differential protection

Analog protection 75510/11/13 Digital protection 7ss52

7SS600 with digital measuring relay (DI)

DI Central Unit

‘ Optic
URE I S R e o
I N I | | ' — - = =
ig-_l iE-_—_I TE:_I %g;_l [?I BU| &|BU| S |BUl F |BU
T T T T BU: bay unit
t t | | t |
©Q® ©Q®
Grid Grid
infeed Load infeed Load
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SIEMENS

Line differential protection

50/60 Hz current comparison
through wire connection

Iy I
—» —>
H-Y —r

— |2
Dl
1 DI DI M
Il P —

Phasor with digital communication
via OF, microwave or pilot wires

Iq

12

> >
'A A'A ]
t L
: 2 dedicated O.F. : Iy
v uptoabout 35km |
Other  —31 Pcm |- >l PcM  [¢— Other
services— | MUX [~ MUX [* services

O.F. or Microwave
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SIEMENS

Two wire (pilot wire) line differential protection
V oltage comparison principle

@ ifo\’ Grid
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SIEMENS

False differential currents during load or external faults

Dl 5= total false current

DI, = CT false current

DI . = Inaccurate adaptation (CT ratios, tap
changer)

H—-
=
o
=
(6)

Io/1,
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SIEMENS

Percentage differential relay

A=1pn-1,

stabilise

S=1,+1,

Basic-
pick-up value (B)

I+ 1,
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SIEMENS

Differential protection: analog measuring circuit
Rectifier bridge comparator with moving coil relay

Iy protection V) ' Fault characteristic
| Obj ect i (single side infeed)
l 2 Al = o/
ul - 12‘ /', o
* Relay characteristic

7/
0/.
l v L+ 1, > kgl - 1
., kl
i K=+
klxl_Res k1:+|__ReS| ki_I_Op‘ k2>|—0p - ‘ ‘ kz
Sl =|I, +]
=k {l,- 1,) YU DA\l =kAl+) o
Tl R e
w, . W, with digital relays: SI =1,/ +|1,
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SIEMENS

Multi-end differential protection:
Analog measuring principle

| j -l 1
1 2 cee N k:"ES E
ssé*ﬁ 3e<¥ 3e<X g ¥) 3¢
=yttt =] T =l |81
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SIEMENS

Optimised relay characteristic

- —
é I: Load
. 2000A 300A
Ideal fault characteristic 5
lop = 7
P / o lop =2000A |5 =2600A
‘|1- |2‘ internal P relay characteristic
o fault 7~ | o
/‘ e P R—
s CT saturation @_'_? ?“_@
. -
__________ DI
— Hedth _
ection object IRes = 241 |
,R%:‘ll‘Jr“Z‘ protection objec _ e N
I - --- - >
g ,
lop = 2%l el
Op =241 | cos
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SIEMENS

Digital differential protection: Relay characteristic

lop
Positive current polarity T
~ e
?—i _T |
Dl ld >
_ _ Settings:
IOp_|SI|_‘l +12‘  Pick-up value Id >
IRes =2|I| = 11‘+‘12‘ « slopek,

» slope k, with footing point |,
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SIEMENS

DI /SI und I,/1, diagram

Interna ~
faults R4

ke T k(361100

slope

s SI=[1,[+]L,|

@ i+ 1g]> kg #[14]- 150)
@ |u+i|>8
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SIEMENS

Polar diagram of differential protection

1+ 15| > kAl - 1] b-Plane (remote/local current)
L, 11,0 L L.
1+T ‘ 1+b‘ | Im% L_l% Protection | *
-1 > k or — Sk E):‘I—Z ObjeCt
1-12 1-b P
1, D
with b==2 ,
= |_1 | -
+1  Ref=%y
- ) H | I_lg
1+k
Restraint area
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SIEMENS

Polar diagram of digital differential protection:
Basic pick-up valueB >0

13+ 1o]> ko{Jig] + 1)+ B

or
> kx§1+

0 B
2. B

5

1V
1115

1+|-2

120 + 12

270

B/I,=0,3 al(F): k=0,3
a2(F): k=0,6
a3(F): k=0,8
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SIEMENS

Mixing transformer of composed current differential protection

Composed current during

>3 & Iv symmetrical 3-ph fault or load
\ 4 o
| €  7SD503: I, = 100 MA
— 113 ¢ : m "
13 §  7SS600: Iy = 100 mA s~
—— ¢ 7SD502:1,= 20 mA
¢ 3¢ e | "
—> " F ¢
| 33 ¢ 1 214
]
y |, =~ /34, .
Mixing i
transformer

lL3

Im =24+ 3+34E

/\ =S¥ 1*+3% 2+44 3

[P
P composed current (vector sum)
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SIEMENS

Mixing transformer:
Pickup sensitivity of standard connection (I,,= 2l ,+1,3+3l¢ )

Per unit composed current

J Highest
‘| sensitivity

Fault type Composed current related to 3-phase
symmetrical current
L1-E ImLze=5lL1 lLo=13=0 ImLe/ lm=5/ ©3=29
L2-E ImLo-e= 312 lL1=13=0 Imoe/ lw=3/ B=173
L3-E Imize=4 13 lL1=12=0 lmiae/ lw=4/ B=23
L1-L2 ImL12=5 11+ 312 IL3=0 L2/ Im=2/1 B =1.15
L2-L3 Imizs=3 1o+ 413 IL1=0 Imos/ Im=1/ GB=0.58
L1-L3 ImL1z=5 11+ 413 IL2=0 ImLis/ Im=1/ @B =0.58
L1-L2-L3 |Imiazs=51a+ 32+ 4ls| [lual =l =il |Imeazs/ Iv=B/ B=1

Differential Protection Symposium

Belo Horizonte November 2005
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SIEMENS Composed current differential protection

Behaviour during cross country fault (isolated/compensated network)

L1internal und L3 external:

lya= 54 - 4. = 1A und |, o= + 44, o
DI = [lya + lygl=5lcund SI = [lya| + sl =5% —~  Trpping
DI/SI = 5/5=1.0

\

L2internal, L3 external ~
lya=- DA und |y, 5= + 44

Dl =|lyya + Iysl =34 und SI = [ly al + [lysl =54 Tripping if Kk-setting < 0.6
DI/SI = 3/5=0.6
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SHEMIENS Composed current differential protection

Through current stabilisation with unsymmetrical earthing conditions

r\'/\‘ N\ “— W

P !l

= l alie g'0'g

P I v Al
-..--“" —I' /7

l “— "M
l ‘ 2 1 3 \ ‘ 2 \ l =i
=20+ L3+ 3l =211+ 1l g+ 3 -l
=2 «(-Ip) + 1 (=1 + 3:0= =3I =21+ 11+ 33l =+12 I
=[ g w2 [ =9I |
IRes:“Mll +|I|v|2| =15 '||: k=9/15=0.6 Op Fault L2 E
Faults in other phases:
Fault L1-E: I, = (3+12) -I. = 15 I, -1
Res— (3+12) - | =15 | } -
Fault L3-E: = (0+12) -1l = 12 -1, _ |
Res_ (0+12) - | =12 -, } k=1 Res
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SIEMENS

High impedance differential protection: Principle

Behaviour during external fault

with ideal current transformers with CT saturation

EcT-1=2XRL +ReT )isc

Ect-1=(RL+ReT Jisc U, :N |
URr=(RL +RcT isc

EcT-2=(RL+ReT )isc
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SIEMENS

High impedance differential protection:
Calculation example (busbar protection)

Given: n=8feeders R, = 3 Ohm (max.)
ey = 600/1 A % pick-up.= 20 MA (fixed value)
U,y =500V _
R, = 4 Ohm Ry = 10 kOhm

[... =50 MA (at relay pick-up value
| . = 30 MA (at relay pick-up value) var ( y P D )

Pick-up sensitivity: Stability:
- . R
IE- min =cT AIR- pick- up * lvar +nX mR) | F- through- max <'CT ﬁ’d R- pick- up
. .= 590 x{0.02 +0.05+8>0.03) 600 10,000
1 | F - throuh- max < YY) >0.02
| =186AX31%)

|F- through- max <17kA=28X
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Digital Differential Protection

Measuring Technique
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SIEMENS T Merz and Price differential protection

Patent dated 1904

/Tl - z
Hi

T

LAY
FAR AL AL LAY

x
o \[ \x\\\\]

a: feeder, b: generator, c: substation, d: primary winding of CT, e: secondary winding of CT, f: earth or
return conductor, g: pilot wire, h: relay windings, i: circuit breakers, k,I: movable and fixed relay
contacts, m: circuit, n: battery, o: electromagnetic device with armature p.
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SIEMENS - Electro-mechanical differential protection

based on induction relay

= Schutzobj ekt =

\\
a—k
; B
l_l_l_l
> . [
k==
— g |
1.3P L.
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SIEMENS

Electro-mechanical differential protection

Rectifier bridge comparator with moving coil relay

Il
—

Protection

|

object

I2
4—

—

—

) 1o

|

| e =K1 - |_2)® D'h

at=|

IOp' ‘IRes‘

“Re§ “O&
+«—— .
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SIEMENS Differential protection

Analog static measuring circuit

— Protection «—
! object ! l
ill _ [
IRes_k>(|_1_ |_2) 2 1 — I I_
R -Dl— walll Bl A Il Re s| *Rs -
S /s P
— \VAAXAL V1 -
— N +_>—|:|-K
E / Ry |i|:§-|<]-> - V3
+
/
{ 1 V2 I op xRS‘
IOp :|_1+|_2
URef
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SIEMENS

Digital differential protection
Measuring value acquisition and processing

0.67 ms (18 degr. el.) T2 A
i . z
_>Il<_ clock
Ml Filter i '
1_ - 94 . Processor system
e K13 e A i
L2 S&H!
IL3 i i CPU
UL1 i PN A
UL2 i i ~ D RAM
uL3 i RN
UE i EMUX
a.s.o. i i ROM
n3ep > ADN ] -
NS

AR

Differential Protection Symposium
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SIEMENS Digital protection:

M easurement based on momentary values

DT gmp. COrrespondsto Dj ( 60Hz: 0.67 ms=18%¢l.)

~ I

n-1 _ when n sampled values exceed the
cos(TXDJ ) pick-up limit I_

~

|RMS:ﬁ

Di =w*DTearmp. = i—i <3600
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SIEMENS Digital differential protection:

M easurement based on momentary values

=1ms (50 Hz)
=0.67 ms (60 Hz)

DI DI
Operatingquantity: DI =|I o +1p)|
Restraining quantity: SI =|I p| +|I g|

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 1012005 page 35



SIEMENS
Discrete Fourier-Transformation (Principle)

Correlate:
Multiply samples and
add for one cycle

2p i

in
SIN=q

> oo = lsio P e

} Correlate lcgy™ ) j |
IC(k)“
| [T T T T 1 [ |
J
2p i p
cos < lso
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SIEMENS
Discrete Fourier-Transformation (calculation formulae)

AN s
N

_2&Nd L

T T T T T T[T [T [T[T[T[1 IS_%E SIn())’ﬂ’ﬂt)’an
0123 N ;

—

n
] 1
| I
| I
I |
' ' | =2do,! +acosw>n>m>fu
(I) |1 |2 1‘3, I O II\I cNg T el nd
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SIEMENS

Orthogonal components of a current phasor

dependent on the position of the data window

Data window .‘_—:F =wi

{ \ 4 F

\ lg=_"x o (Wx)sinwt>dt

2 F-360°

IE =lg+|X¥C < . .

lc == x ol (W>)>xcoswt xdt

e S F-360°

TR0

: I 2 2

/1l B =0
I 2 2

Differential Protection Symposium

Belo Horizonte November 2005
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SIEMENS
Transfer function of a one cycle Fourier-filter

1/EHl/%!eI !
1,0 A

0,75 |
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SIEMENS Digital protection
Fast current phasor estimation

- N i

<>

) ) AY
k-N Kk
N\ J
N
Data window
¢ s
(1) =Asin(ot) + B><,;cos(wt) e UI+Cxcos(ot)
8 ;
Task: Estimation of the coefficients A, B, C on basis of
measured currents and voltages
Method: Gaul¥'s Minimization of error squares: Delta = quality value
Kk = sampling number
ko N =length of data window
Delta= 3 ((nXDT) (n))z ‘ MIN n  =variable
n=k-N DT = sampling interval

sampled values
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SIEMENS

Differential protection with phasors (principle)

A B
: /\‘ [ |
e as,
DI ___] Dl
IBC ! IBS

o)
@)
\\

v

- === =g

DI

DI>

trip

restraint

S

DI =|Ia+1g|
Restrainin g quantity : SI =|I | +|I g

Operating quantity :

Differential Protection Symposium

Belo Horizonte November 2005
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SIEMENS  Digital line differential protection

Synchronisation of phasors (ping-pong time alignment)

I £ Y ]
r e 1 1

I
AT ]—— = — B B(ta3)
D | € — — — — — — — ngl IS 1 \

‘IB(tBB)
2
tBR
a= tBS - tAS >G60°
P
1

Signal transmission time: tpry = tpro = > (tAl -tTAR -tD)

Sampling instant: [P R
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SIEMENS : .
Split path data transmission

Impact of unsymmetrical propagation time

| )
>
¢ r

Dl |« " DI
(0]
. DT[ms] Noatdl
DI =1>sin = I>sin 10ms
Example:
Transmit channel time 3 ms o
180

Receive channel time 4.2 ms 1.2msx———
® time difference D=1.2ms DI =Isin 210ms =1>0.19 DI = 19%!

To keep the false differential current below about 2 to 5%, the
propagation time difference should not exceed about 0.1 to 0.25 ms!

Otherwise:
® more insensitive relay setting
® or GPS synchronisation

G. Ziegler, 10/2005 page 43
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SIEMENS
Synchronisation of Differential relays via GPS

7XV5654 Sync-Trans. 7XV5654 Sync-Trans.
ki Xl ko ki X1 ko
+ - 24V + - —. 24V + -
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SIEMENS
Devices for GPS time synchronisation

N GPS receiver with 2 optical outputs
(7XV5664-0AA00).
Output for IRIB-B telegram
and output for second/
minute pulse

N Galvanic separation between the
receiver and the tranceiver
7XV5654

N Optic/electric signal
conversion in the tranceiver

N Distribution of the electrical
signals via Y-bus cable to
port A of the relays (telegram)

Outdoor antenna
FG4490G10 for GPS

SIEMENS

n Electronic contact for the GPS receiver i (S P
minute pulse in case of 7XV5664 L b B
synchronisation through binary Szl
input with battery voltage Tranceiver SN D

7XV5654

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 45



SIEMENS Additional components for SICAM SAS
GPS-System

« 24 satellites move in a height of
20 000km on 6 different paths
“ NG e Transmission frequency 1,57542GHz
h For a continuous time reception min. 4
satellites is necessary
 High accuracy : 1 usec

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 46



SIEMENS
Operating characteristic of digital differential relays

=lly+ Ll

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 47



SIEMENS — Differential protection
CT saturation with internal and external faults

DI
,_mtion o@_;

—> 4
|, P
Internal fault External fault

)

.....
- ~ - ~
-

d ~ -

P

- -~ -
————————

S1= 1,0+ I /[ ~/F™

DI=|l, +1,|

t=0 t=10 t=20ms t=0 t=10 t=20ms
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SIEMENS Saturation detector:
Locus of DI/SI for external faults without and with CT saturation

Lop(n) =iany *i2(n)

A 7 i
i i(n)
5 External fault  go¢ ol
7 with CT RN
. &0 \ - S 12(n)
@ e’

N TN e * iz
External fault
(ideal CTs)
4 1 -3/—4-5 S
0 ~——J:<-T———i—:—<——_—o-_—>—o—’—’ | — "1(n) '2(n)‘
10 9 8 7 6

. i i =0 = —
iRes(n) = 11(M)] +i2(n)| n n=10  n=20
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SIEMENS pifferential current caused by transient CT saturation (ext. fault)
with operating and restraint current of busbar protection 7SS5

“-\. | Res= llal + Il

[\ lop= Iy +1,|

Differential current appears only every second half wave!

E 1
ut [,
ap.

ufi
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SIEMENS " Tripping logic of digital busbar protection 7SS600/7SS5
with saturation detector (simplified)

di
—Res 5 k[A/ms] A
at X 3 ms
D A _
: : N Trip
I > | —
Op ~ "set A D 1-out-of-1
N— —Qg,
: : D N H —
lop > K>IRes — S 2,150 ms
/
Saturation ®—| Adaptive restraint 5 _
detected . > Trip
|
|
Transient !
blockin
g L-da
N 2 f-2
-out-of-
| | n=2 P
3 ms _
Trip
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SIEMENS

Transformer differential protection 7UT6:

Saturation detection and automatic increase stabilisation

e Circle Diagra

Mno{Secondany)

G0

4.5 —

4.0

345 o

30 <

248

20 <

045 <

0.0 —

-0.5 o

_____ M =B} 55 Time Signals - FRO00015.CFG: 18.06.2003 14:16:23.071 =10|
o | | T
7 k1uiL1-511A
10
5 -
Internal { 002§ ogo nnz 0.04 {f‘{DB /kns A\m /3\12 /0\4 /\
iy Rk RRAICATATATAY
7 | ~/ \VAX
/ d Restrain
W2ILT-S20A
5 -
1, FNIANAWAWAWAWAW/
/1 T AT AT AT TR TRy
/ \ -10 |
/ / -15 o
/ / Mo
Area of 05 LM
/ l add-o_n 5100z opol | oo oa : : 0.14 LE
restraint g - ; , , | |
KA D=L K1 1Rest-L1
Relay TRIF ]
Relay PICKLIP 1 ]
Diff picked up 1
Diiff BI. exF.L1 ]
. . . . . . _| DifBlLexFL2 I
0 2 4 6 a 10 12 14 16 Diﬁg_'ﬁe}flféﬁg '
1=
linC{Secondarnd Diffs= TRIP . . . . . . . .
kDL UIRest L1 ———— -0.02 0.00 0.02 0.04 0.08 0.08 0.10 012 0.14

tis
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SIEMENS Transient CT saturation

causes false differential currents

+

DI
Wave shapesimilarto _—
transformer inrush current ?

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 1012005 page 53



SIEMENS

Adaptive restraint against CT errors (7SD52/61)

CT Error approximation (no-saturation)

A

Load range Fault range

Error —>
%

ALF'/ALFy* Iy o ALF’ elycr

Detection of CT saturation
(wave shape analysis)

o.m 0.0z ficd 0.04 .05 0.06 op7 002 &vs

00.0%
18.73

16.5%

25 gy

16T sgy  TAE
g 100 35T 35% 34w

p:]
054 056 054 Lk ey

pzr 0Hpag

oc 50 100 1500 00 250 3000 350 400 450 G000 550

HarmanicsiHz
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SIEMENS Adaptive 87 restraint (7SD52/61)

considers current CT- errors

| External
1 2 Fault

: "7

I
|
|
|
|
l Trip Area Trip level —
I With |
: saturation | -2
I -1
I Block-Area |
| |
I ? Trip level | v
| ;
| | Without : Max. error (&)
Diff> X : : saturation
O '4' > g Max. error (g)
e | ! - | with
OO " S — e saturation.
es
Current summation: lpies = |11+ lzl

Max. error summation: lgestraint = Slgor = Ipite> + €cma 11 + T €cr2 °l2
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SIEMENS

External fault
Increase of stabilisation after detection of saturation

Begin of saturation

(12
12.5 -I
D I 20
100 H
10 4
75 -0.035 0o 0.0ks 05 o.0fs 1 ollzs E
0 —t U } } } }
=
(]
=
(] 25 4 " o HE = BTIERY
L;j-é A kZil1_1 K1iE (K1:E = -K1:iL
= v " | ncrease of
....l_n 4 .
0.0 : > 15 I’eStl’aI nt
10 4 I :
25 | Restraint
5 D
5.0 0035 D00 0.07s|  0.100 . ts
1] f t f } } } }
K1:iD1 AN E
75 4
U U Diff active
i 2 4 £ g 10 12 14 16 -Diff== FIt
lIA(Secondany S I |-Diff= FIt,
k10151 ———— 0035  -0.000 0.025 0.050 0.075 0.100 0,125 s
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SIEMENS et charge comparison supplement

speeds up phasor based line differential protection (7SD52/61)

‘ | | | | | | | j >
o oo ony o o om ] o ; W
N
o
o
iL2KA
ol
]
o ! | | | : : ‘ ;
e
o] aw o do o/ o wum p o o W
o
" 3
w
‘ : —/\ 1/1\ : T
um\/w o \/(W o \7 ocs v oor R
o om ois o or

DiffG-AUS f———————————————
: : :
002 001 000

A | v v

1 cycle data windows for phasor

comparison

= TEe e SRS S TR e Ee e -Synchronized with fault inception
Y4 cycle data windows of fast charge Released by .. >>
comparison Y Laitr
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SIEMENS Generator, Motor and Transformer protection: Adaptive algorithms to
upgrade relay stability and dependability with CT saturation (7UT6)

87 algorithm
Operating characteristic

Measured value Sampled
processing momentary values
Mean values
i : Pl s = iy | + 5] :
L%L’ Side 1 \ { b ' ’ lpes = Mean('Res)
I ) L : o Fundamental wave
—A> Side 2 lop =iy + 1y R ;
lop = RMS(iniseom; >

»

|Op1

L 4
e ”
| i1

vV V

For security: /

Adaptive restraint

For dependability:

Fast tripping using sampled momentary values
ensures fast operation with very high currents before
extreme CT saturation occurs!

Motor start— I
DC component

Saturation detector

\ 4

Harmonic Analysis:
-2nd Harmon. Blocking
-Cross Blocking

\4

lOp“

it +————

\

»
»

31

Trip

|0p>>
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® TanNING

é

Current Transformers for Differential Relaying
Requirements and Dimensioning

Gerhard Ziegler
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SIEMENS
Equivalent current transformer circuit

N
1$=1, X—Nl
—Il> JXl Rl — ’ JX2 R2 —I>2
_o_rWY\_:
P1 ¥l S1
Nl N2 U2 ; Zm Zb
|_|_I -
P2 Ideal transformer S2
X, = Primary leakage reactance
R, = Primary winding resistance
X, = Secondary leakage reactance
Z, = Magnetising impedance
R, = Secondary winding resistance
Z, = Secondary load
Note: Normally the leakage fluxes X, and X, can be neglected
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SIEMENS
Current transformer:

Phase displacement (d) and current ratio error (e)

|1
1w,
WiWy X, Ry
o ‘A4 AT mmm 7o
— —
l; I, UZN Zg
. W Em
'1:\/\/_; L, 1, R,
o— — o
Iml ‘Em UZN RB
o O
X, I

G. Ziegler, 10/2005 page 48
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SIEMENS _ o _ _ _
Dimensioning of CTsfor differential protection

CT classesto IEC 60044-1: 5P or 10P =1 %" Rer
Specification: 300/1A 5P10, 30VA R £50hm
Ratio | o/ 1 o J | Rated burden
nom e (nominal power) P,
5% accuracy ! Accuracy
al=nxlIn limit factor ALF
Actual accuracy limit factor Dimension criterium:
in operation is higher asthe CT . . B +Py |
is normally under-burdened : ALF =ALF YN ALF's —SC-MaX -
Operating ALF: ALF' 1 7B In

K+ (over-dimensioning factor) considers the single sided CT over-magnetising due to the d.c.
component in short circuit current | .

K+ values required in practice depend on relay type and design.
Recommendations are provided by manufacturers (see Application Guide)
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SIEMENS

Current transformer, Standard for steady-state performance

IEC 60044-1 specifies the following classes:

Accuracy class

Current error
at nominal
current (In)

Angle error d
at rated current
In

Total error at n x In
(rated accuracy limit)

5P +1 % + 60 minutes 5 %
10P + 5% —_ 10 %
Differential Protection Symposium Belo Horizonte November 2005 . Ziegler, 1012005 page 50



SIEMENS

Current transformers, Standard for transient performance

IEC 60044-6 specifies four classes:

Class Error at rated current Maximum error at Remanence
rated accuracy limit
Ratio error Angle error
TPX : A 0 .
(closed iron core) 0,5 % + 30 min e £10% no limit
TPY
with anti-remanence +1,0% + 30 min é £10% <10 %
air-gap
. € £10%
TPZ +1,0% + 180 + 18 min negligible
linear core (a.c.current only)
TPS Special version for high impedance protection No limit
closed iron core (Knee point voltage, internal secondary resistance)

Differential Protection Symposium

Belo Horizonte November 2005
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SIEMENS
Definition of the CT knee-point voltage (BS and |EC)

British Standard BS3938: Class X

or

I[EC 60044-1 Amendment 2000/07:
Class PX

Specify:

Knee point voltage

Secondary resistance R

ISC- max .
In-CT

Ukn 2 KT XReT + RB- connected) %

Differential Protection Symposium Belo Horizonte November 2005 . Ziegler, 1012005 page 52



SIEMENS - . .
CT specification according to ANSI C57.13

ANSI C57.13 specifies:

e Secondary terminal voltage U,

at 20 times rated current (20x5=100 A) and
rated burden

e Error <10%

Example:

800/5 A, C400 (Ry= 4 W)

Resulting magnetising voltage:
Eq » (Uans +20°5°Rcr)
= (205625 rateq + 206 Rcr)
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SIEMENS

Current transformer saturation

Transient saturation with offset current
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SIEMENS CT saturation

Currents and magnetising

A
Ip

-~
-~
el
~-~- -
I~ ————
~
\ S

— saturation flux
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SIEMENS
Transient CT saturation due to DC component

—
Q
.
.
o
PPl
.
s

/\ /\ Short circuit current

\
............. IBVAY,
F2 i N I I DC flux non-saturated
Fs N/ \/\/
'’
Im \ Magnetising current
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SIEMENS

Course of CT-flux during off-set short-circuit current

L primary current
d.c.component

\/ \/ 1)
T Total flux
A ré

d.c. flux Fac

n SN NG

transient ———<

V V UV V V.

a.C.

é__t u
i® =24, TP - cos(n!
e U
e u
oT T. ---— _t
L PS e TP e TS)_sinot
Fac. To-Ts
t t
F ol TS o=
Kig)==12 =—FL2(e TP e Ts)+1
Fac. Th-Ts

Xp

P
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SIEMENS
Theoretical CT over-dimensioning factor K¢

KTF A
¥ (K »1+wTy)
60 —
5000 Closed iron core )
50 —
20 1000 T -
— TS [mS] > é’N ('st— N
K =1+ WwTs¢—=
500 Wiy
30 e -
250
20 — '
""" < 100  Linear core J
10 i
i | I > Ty = network time constant

(short-circuit time constant)
50 100 150 200 Ty [ms]

Ts = CT secondary time constant
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SIEMENS — CT with closed iron core,
Over-dimensioning factor K+ for specified time to saturation (t,)

tM
2.5 cycles

2.0 cycles
— T, +—
1.5 cycles Ky _1+WTp #l-e *

1.0 cycles

0.5 cycles

| | | |
1 1 al 1 1

0 20 40 60 80 100
T, (ms)
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SIEMENS
Transient dimensioning factor K’ for short time to saturation ty,

@ .M F M
- " Ty © .
Ktd- Envelop =1+WT,¢1- e ij th(Q,tM)=wap>cosq>(;1- e P j+st- sn(th +Q)
E 3 & 5
15 ' \ ' T
Ktd(0,tM) A
— 101 - .
Ktd(80, tM) 7
Ktd(90, tM) s
Ktd EnvelogtM) | }
_ - ==
| r,
0 IO I
1.0 20 40 60 80 100 % 12345678 910
0 tM 100 0 t™M 10
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SIEMENS

CT over-dimensioning factor K¢ (t,,, Ty)

In the case of short time to saturation (t,)

Krr 4 f
35 10 ms
3
8 ms

N
N O

15 6 ms
1
4 ms
0.5
2 ms
0]

0O 20 40 60 80 100
Tyinms

10 ms

8 ms

6 ms

Q (t,,TN) 1
(el. degree) 160
140
120
100
80
60

40

4 ms

20

2ms

OO 20 40

60 80 100

Tyinms

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 61



SIEMENS Current transformer
Magnetising and de-magnetising
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SIEMENS  Current transformer

Course of flux in the case of non-successful auto-reclosure

B A
/ J t-, = duration of 1st fault
g ;' tyr dead time
i ’ t-, =duration of 2nd fault
' ‘ i ‘ -
t
-
try tor te,
e tF1 tF1 U tDT+tF2 é tF2 tF2 u
B & XN X p— B N - XN X — B !
max :gHM@ TN.e TS)ie TS +g1_+m(e TN e TS)i
B_ é TN-TS L,J é TN-TS L,J
e u e u
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SIEMENS
Current transformer

Magnetising curve and point of remanence

/
up to about 80% ——— . i
<10%
negligible
o
H=1i,6 xw

I: closed iron core (TPX)
ll: core with anti-remanence air-gaps (TPY)
lll: Linearised core (TPZ)
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SIEMENS Current transformers TPX und TPY

Course of the flux with non-successful auto-reclosure

I

V\/\/ $§ V\/ £

BR

closed iron core (TPX)

core with anti-
T \ . remanence air-gaps (TPY)
R

o
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SIEMENS Current transformer with linear core (TPZ),

Course of the flux with non-successful auto-reclosure

N
N
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SIEMENS
Dimensioning of CTsfor protection application

. Rated CT burden: A
alulil, :anI+RN Internal CT burden:  P=R, xl,?
R+PB  Ri+RB

Actually connected

ALF'= ALF %

ALF :ALF'M:ALF'M _ .
P+ PN Ri+RN with:  Rg=R +Rg= total burden resistance

R, = resistance of connecting cable
Rg= relay burden resistance
Theory:

- lsc No saturation during B vax Xn
'3 X ' —_ —_ —_
with ALF™ Kop N total fault duration: K e = I_S, =1l+wTw =1+ _N
Where K is the total _ é tw ty
over-dimensioning factor: No saturation for \ A WXIWXTs T
5 the specified time t,,; K ' = gl-"'—.l. T (e '"-e s
KoD * KTF *KRem g Inols
0 g . . 2 2
Krem =1+ Arer;sgence Practice: Remanence only considered in extra high

voltage systems (EHV
Kob =KTF o= $2al

Kig-values acc. to relay manufacturers’ guides
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SIEMENS  Practical CT dimensioning

using dimensioning factors K4 (required minimum time to saturation)

|[EC 60044-1 and 60044-6

300/5 A, 5P20, VA (Rb= 1.0 W),
R.=0.15W

ALF 3 Ko XK

ALF = RCt + Rb- rated AL E
I:\)ct + I:\)b- connected

IF- max Rct + Rb- connected
ALF3 Kiq * I X =T
pn ct b- rated

BS 3839 (IEC: 60044-1 addendum)

| .
Eq = I—mXthd "(Rct + Ry, con.)"‘sn- CT
pn

Uk » (0.8...0.85) E4

ANSI C57.13
300/5 A, C100 (Rb=1 W)
E, » (U ana T 20)5)Rct)
= (20 >6><Zb rated + 20 >6cht )
I Rct + Rb-connected

20 3 K, x—-m x
Ipn Rct + Rb- rated

Transient dim. factor: K4
1+X/R =1+w-T,
1 (87BB:0.5)

2 to 4 close-in faults
5to 10 zone end

No saturation:
Differential relays:
Distance relays:

faults
O/C relays: I>>ALF > (I>>__. /1))

Differential Protection Symposium
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SIEMENS Coordination of CTsand digital relays
Summary

Digital relays use intelligent algorithms and are therefore highly
tolerant against CT saturation.

In particular differential relays allow short time to saturation
of ¥ cycle and below.

Determination of transient dimensioning factors for short time to saturation
must consider the real flux course after fault inception.

With time to saturation < 10 ms, the critical point on wave of fault inception
Is not close to voltage zero-crossing (fully offset current), but
varies and is closer to voltage maximum (a.c. current).

CT dimensioning is normally based on relay specific K., factors provided by
manufacturers

In practice, fully offset s.c. current has been assumed while remanence has
been widely neglected for CT dimensioning.

A new dimensioning factor is discussed in CIGRE WG B5.02,
composed of more probable transient and remanence factors.
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SIEMENS
CT dimensioning for differential protection (1)

1. Calculation of fault currents

110/20 kV
@ 40 MVA @ @ OH-line: ‘
110 kV, 3 GVA 0.=129% = 8 km. €4
§ z,'= 0,4 Wkm
1200/1A 200/1A 200/1A
7UT61 75D61
Impedances related to 110 kV: Impedances related to 20 kV:
26,20 26, 20
UN“2kV < 2 UN“ 2KV “ 2
Net: Zp = € °_10"_,030 Net: zy=—©6 HB-20" _4g139
Ssc'[MVA ] 3000 Ssc'[MvA | 3000
28,20
(o N A 2
26/ 20 N [%] _ 20% 12%
U N2k 2Y 2 Trans.© 7+ = € B urlhl_0° 2% 150
Trend. . zp e € B urle] 110° 12% o Tren T PyTMVA] 100 40 100

PN-TIMVA] 100 40 100
Line: Z| =I[km]xz| '[Q/km]=8>04=320Q
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SIEMENS
CT dimensioning for differential protection (2)

@ IFl:l.lxuN/JE:1.1>¢10kV/J§:17_3kA @ | :1.1>UN/\/§:1.1>QOkV/«/§:955kA
ZN 4.030 BT zy+Zr 013Q@+120

_ LIUNA3 | 11R0kV/YE
@ e = 11UN/MA3E 11><110kV/J—_173kA .| = =2.8kA

Dimensioning of the 110 kV CTs for the transformer differential protection:

Manufacturer recommends for relay 7UT61: 1) Saturation free time3 4ms for internal faults
2) Over-dimensioning factor K3 1,2
for through flowing currents (external faults)

The saturation free time of 3 ms
corresponds to K2 0,75
See diagram, page 59

Criterion 1) therefore reads: For criterion 2) we get:
| 17
ALF3 K1p 4 FL = 07585390 _ 43 ALF3 Kp % F2 12,2730 7
IN 0 IN 300

The 110 kV CTs must be dimensioned according to criterion 1).

G. Ziegler, 10/2005 page 71
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SIEMENS
CT dimensioning for differential protection (3)

We try to use a CT type: 300/1, 10 VA, 5P?, internal burden 2 VA.

+P -
R + Foperation ALE's 2125

R +Pated 2+10
Chosen, with a security margin : 300 /1 A, 5P20, 10 VA, R,.£ 2 Ohm (P, £ 2VA)

ALF 3

X43=16.1 (Connected burden estimated to about 2.5 VA)

Specification of the CTs at the 20 kV side of the transformer:
It is good relaying practice to choose the same dimensioning as for the CTs on the 110 kV side:

1200/1, 10 VA, 5P20, R,£ 2 Ohm (P, £ 2VA)

Dimensioning of the 20 kV CTs for line protection:

For relay 7SD61, it is required: 1) Saturation free time3 3ms for internal faults
2') Over-dimensioning factor K3 1.2
The saturation free time of 3 ms for through flowing currents (external faults)

corresponds to K22 0.5
See diagram, page 59

Criterion 1') therefore reads: For criterion 2') we get:
ALF3 K1E P8 =05:22 = o4 ALF' 3 Kp x4 Fa-12x80 168
IN 200 N

The 20 kV line CTs must be dimensioned according to criterion 1°).
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SIEMENS
CT dimensioning for differential protection (4)

For the 20 kV line we have considered the CT type: 200/5 A, 5 VA, 5P?, internal burden ca. 1 VA

R +PR ion 1+1
operatio XALF'=——x24=8  (Connected burden about 1 VA)

R +Fated 1+5

ALF 3

Specification of line CTs:

We choose the next higher standard accuracy limit factor ALF=10 :
Herewith, we can specify: CT Type TPX, 200/5 A, 5 VA, 5P10, R,£ 0.04 Ohm ( P£ 1 VA)
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SIEMENS

Interposing CTs, Basic versions

- Relay
E'I
|
Rel
g :

separate winding connection

. W
I, =—X,
W

2

auto-transformer connection

. W,
I, =—>—X
W, + W,

1

No galvanic separation!
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SIEMENS

Interposing CTs, Example

1A 15A
—> —>
g W= W=
600/1 A % 21turns 14 turns Ry
1
W_=16
1A 1Al turns ~ LOA
— —>
600/1 A § 05A T 5 Wy=32 R
%:l turns B

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 75



SIEMENS

Interposing CTsin Y -D-connection

Yd5
| VP I2a—c
la—» ° ﬂﬁﬁﬂ m
]
| — VY I2b-a
| VY I20—b
e fYYY\] [ l&/Y'
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SIEMENS False operation during external fault
of transformer differential protection without zero-sequence current filter

Ll o YN YN ==
L2 AP LYY Ly —aa [
L3 AP ‘vl Ly A0 \ a
§¢ 0—|II '||_'
v i?
v > > »
| ==
o L —
| ] oy —
v v
E]' IEI’ 'i' DI>0 without delta winding!

G. Ziegler, 10/2005 page 77
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SIEMENS
Zero-sequence current filter

e, | Liee =
E- E-— ﬂ’ — |.......
|
T R
| 1 +1 -0 ) 133 =13 = ':«;c‘Wl a’l ===
T WM+ Lo W2 * 135 W3 = w3 3 3
Lip >+ Lop W2 * L3 W3 =0 P _W_Lgella_ lia *lp +lac @
— a -
LW+ Lo g2 +1 5,3 =0 > W2 3 2
— — & i+ 14~ 0
|—3a ~3b " -3c |—2b:ﬂ§|_]b'_la . _1Ci
— W .
Logtlog+1pc=0 ) 2 o
o=@ liathntlc?
L2c =3, ghe 3
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SIEMENS  Biasing of transformer differential protection during external earth fault

with zero-segquence current filter (closed delta winding)

%
L1 N v
L2 | oo ] e P [ a
L3 | { o ] Ly _n \

~h
M|
L
> >
|||
-

55

With deltawinding: DI=0 ! T

Qi
-
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SIEMENS Current matching with interposing CTs (1)

Calculation example

110kv +16% Y d 5 6.3 kV
7511A 539 915A  1200/5A
Ll Y, _YYYN__— T
L2_| rYYY\L EPON
S PO ~~r | [rrven | =Ry
._lll _ III_-

0.719A l T 3.81A

3’%: 2,20 ]
In-Relay = 5A
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SIEMENS Current matching with interposing CTs (2)

Calculation example

Current transformation ratio:
We take through flowing rated current as reference:

ilOkV-side:
Mean current value of upper and lower tap changer position:
10,000kVA

1= = 45.2A = 1000KVA g5 5p | _ 4024625 _ag,

J3X110KV +16% J3X110KV - 16% 1- mean — =23.
6 kV-side: |2 = M = 9O15A

J36.3kV

The corresponding secondary currents are: 5

: 1 - —

i1=53.9>=0.719 A and '2—915*@—3-813

The current in the star connected winding of the interposing transformer is ll
The current in the delta connected winding is: i2 /\/5.

The ratio of the interposing CT must be :

wy _ip/+/3 _3.813/4/3 _ 2.202
Wy, g 0719  0.719

= 3.06
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SIEMENS
Link selectable interposing CT 4AM5170-7AA

_ s1 . P2
Iy v o

-
BCDE FG HI KL MN

wwwwwwwﬁ

>IIIIII‘::‘ E

Windings
0,013 0025 008 0,75 0,013 0025 008 075 RinOhm
2 4 14 32 2 4 14 32  U-max.inV
S S S 1 5 5 5 1  Rated currentin A
w_i/\3 _3813/V3 2202 _, chosen: WL _16+16+2 34 _ .
w, I, 0,719 0,719 %) S 7+2+1+1 11

Connection and links as shown.

Differential Protection Symposium Belo Horizonte November 2005 . Ziegler, 1012005 page 82



SIEMENS Designation of transformer or CT vector groups (1)

Clock-wise notation according to |EC 60076-1

12
1 9 1 6
0 0. O.(YYY\i_5
10 2
4 YL | ey g
9 3 ° 0 ° 0
8 2 8 2
8 4 g —I .’W“—— 1 (13)
7 5
6
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SIEMENS Designation of transformer or CT vector groups (2)

Clock-wise notation according to IEC 60076-1, examples

i & “Z
ST R
il €

Yny0d5

Dyn11 .
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SIEMENS

Frequently used vector groups (IEC 60076-1)

oo |

C S| A

i Ddo

iy A

i
Uily <

}

UJA_M A
L <

i L
i

1
il >
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SIEMENS

Finding the vector group by using the clock principle

Proceed in the following steps:

1. Starting on the high voltage winding, the phase connection terminals are
numbered with 0, 4, 8 (always 4 x 30°= 120° phase shift).

2. The opposite end of each winding islabelled with a number incremented
by +6 relative to the phase connection (6x 30°©=180°).

3. The secondary windings are numbered the same. In this context it is
assumed that the polarity of the windingsis the samein the diagram. (If in
doubt, polarity marks may also be applied.)

4. The phase connection is |abelled with the average value of the
corresponding terminal designations belonging to the winding terminals
connected to this phaseterminal, e.g. (6+4)/2=5

5. The difference between the high and low voltage side terminal numbers of
same phases corresponds each with the vector group number, being Yd5 in
this case.
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SIEMENS

Checking the connections of transformer differential protection
using the clock-wise notation method

Yd5
L1 o oy b 9vyn 6 S o
Lo |6 O S 11
16*'4— 4ﬂm10 mlo! 9 _9'%3
13 | | 8rvyi2] | LBryyn2 1 oA
v — | —
2 8._||| A |I 1 7
6/YYY\ 12| —6/YYN\1211
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SIEMENS Current distribution in Y -D-transformer circuits

for different external fault types

N> L M >
o s 4 45 = |
I i | L e [ SuuE e
/__mm_ ) )| W ——ron | L« |
JYYY\ JYYYL
J3 —
§<—m Y!\ —
.,
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SIEMENS Checking the connections of transformer differential protection

using the arrow method (two-phase fault)

Yd5 L
V3 > 3
L1 P «— [YYY\ LYY S S
L ~ Tl ?
L2 AP— = LYo o
L3 A < IYYYL nm o
‘—lll |||—0
3 =
. DAERRE
< | WA | e
> L W | L MNeee
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SIEMENS Checking the connections of transformer differential protection

using the arrow method (single-phase earth fault)

Yd5 1
= == ;I = —r—
= e AL e
L3 o — v "Y_Y!Y\ — - —
b PR ii
|||_>_>_>§‘§' = v
! BiE
s
— 1 | [
. Y/ LY
N «— mm YYY\ 2>
- 3
D[ D | D J3 Dy5
 — —
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Digital Differential Protection

Communications

Gerhard Ziegler

SIEMENS
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SIEMENS Comparison protection
Absol ute selectivity by using communication

A I I B * Directial comparison
eo—r— —— distance protection |
9 @ Exchange of YES/NO signals

(e.g. fault forward / reverse)

 Current comparison (phasors)
differential protection

Protection Communication Protection | DI |
—

v

samples, phasors,
binary signals

I
LI\ |_B

|Q|Z|I—A'I—B|>Ipick-up
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SIEMENS
Signal transmission channels for differential relaying

Pilot wires

- AC (50/60 Hz), voice frequency and digital communication (128 - kbit/s)
- for short distances (< about 20 km)
- influenced by earth short-circuit currents!

Optical fibres
- wide-band communication (n - 64 kbit/s)

- digital signal transmission (PCM)
- up to about 150 km without repeater stations
- noise proof

Digital microwave channels 2 - 10 GHz
- wide-band communication (n - 64 kbit/s)

- digital signal transmission (PCM)

- up to about 50 km (sight connection)
- dependent on weather conditions (fading)
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SIEMENS
Analog pilot wire differential relaying

_______________

® Pilot wires are normally operated insulated form earth

® Voltage limiters (glow dischargers) connected to earth,
as used with telephone lines, are not allowed!
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SIEMENS  Relay-to-Relay pilot wires communication

New technology on existing (copper-) pilots

Traditional:
I_ NN AN
i rri
I filaiyitgty L
= | : & ||
a M A | 1
13 m A s e 7 | = s Hi
13 & T | el
L e e e e = = - | Comparison of analogue values L e e — — — _I
Modern: 1
[ [
o ’E‘ voooooooowooq:g‘ """ >
[ ] lh‘l E “ - :J:'
‘:__I 2z Digital data transmission ﬂiﬁ

_|

64 kbps bi-directional

4 value digital code (2B1Q)
Amplitude and phase modulation
Spectrum mid frequency: 80 kHz

Composed current
measurement

Phase
segregated
measurement
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SIEMENS Wire pilot cables

Longitudinal voltage induced by earth currents

Relay A Relay B
1 I I
‘ I — I\ l

TR H 7
N T E ,°

I coupling along

/@T E/2 the pilot cable

: R B) Unsymmetrical
& ! @ TE Coupling along
v r__L_ the pilot cable

=& SiE A) Symmetrical
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SIEMENS _ o _ _
Disturbance voltage caused by rise in station potential

AAA é
(@) (@)

G
STP —
PGA I
_:# = =T == ='=t
RGP

Legend:
Rg station grounding resistance
STP station potential
PGA potential gradient area
RGP remote ground potential
E station potential rise against remote ground (ohmic coupled disturbance voltage )

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 93



SIEMENS

HV insulated protection pilot cable (example)

core dia- pilot pilot
meter resistance capacitance test voltage (r.m.s. value)
Core | Loop core-| core- | triple | pair | pairto
core | shield | core to triple
mm Wkm | Wkm nF/km to pair | core
triple
core
KV KV KV KV KV
1,4 11,9 2,5 8 8
0,8 73,2 60 2 2 2 8

Symmetry: better 10-3 (60 db) at 800/1000 Hz
better 10 (80 db) at 50/60 Hz

(U, <104U)
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SIEMENS American practice

Neutralising reactor to compensate potential rise at the station

Gas tube
Relay é 1l % ?F L%lj N &
el "38T M0 . L
neutralising .
reactor

Relay | = & e

potential
gradient

potential at insulating M
transformer and relay / N ol ____

Voltage profile at the
neutralising reactor

potential of the

potential of the
remote earth

pilot wires
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SIEMENS

Optic fibre (OF) Cable
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SIEMENS
Opitic fibers and connectors

Multi-mode fiber (IEC 793-2) Mono-mode fiber (IEC 793-2)
Type 62.5/125 mm Type 10/125 mm
for 850 and 1300 nm for 1300 and 1550 nm
Cladding Core ST connector

1 1 \ O ]
] Coating i
~— N L
T L C connector
)
e A - -
| 62,5mm | g _Ibf':m— ' o
o L
125 mm % 125 nmm
250 mm o 250 mm
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SIEMENS
Optic fibres. Principle of light wave propagation

n
r 4 2
r|‘1 Ag An
A) Graded index Nt i 2
fibre n oy -
Input impulse Output
e impulse
Refractive index profile Geometric design Wave propagation
n
r A2
A
rI]1 . rL AE AA
B) Mono-mode .
: ]
fibre >N ’ \ > >
t t
Input impulse Output
Impuis ' impulse
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SIEMENS

Optic attenuation of a mono-mode fibre

10,0
50

Attenuation
(dB/km)

1,0

0,1

Infrared
absorption

Rayleigh
dispersion

0,85

v

— ] ] ' ] — ]
1,6

[
>

Wave length (mm)
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SIEMENS Optic fibre connections:
Coarse planning rules

Optic component:

Attenuation:

Mono-mode fibre at 1300 nm

at 1550 nm

aorc = 0.45 dB/km
Aorc = 0.30 dB/km

Gradient fibre at 850 nm

aorc = 2,510 3,5 dB/km

at 1300 nm | apec = 0.7 to 1.0 dB/km
Per splice aspL=0.1dB
Per connector FSMA | acon=1.0dB
FC acon= 0.5 dB

Reserve ares = 0.1to 0.4 dB/km

Total attenuation of the OF cable system:

aTOT :| >e'OFC +n>aSPL +2>aCON +I a

RES
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SIEMENS

Optic Fibre signal transmission system:
Calculation example

Task:

Given:

Seached:

Solution:

Optic fibre signal transmission device 7VR500
Estimation of maximum reach

Device data: Sending power of laser diode: as=-14 dB
Minimum reception power: ag= -46 dB
Optic wave length: 1300 nm

The optic fibre cable is shipped in sections of each 2 km.

For reserve, 0.2 dB/km have been chosen.

Maximum distance that can be bridged

The cable length is: I=x2 km

The number of splices is: n=x-1

The admissible system attenuation: - 14- (- 46)=32 dB
Therefore:

32dB = x>2km @,45? +(x- 1)>0,1dB + 2>0,5dB + x x2km @,2?
m m

we get: x=22 and =44 km
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SIEMENS
Radio (Micro-wave) Signalling

1
‘/
|
| !
1 |
' repeater , :
station ! !
' |
| / > < ) :
radio- !
_ link I _
terminal terminal
station station

* Line-of-sight path (up to about 50 km without repeater)
» 150 MHz to 20 GHz, n times 4 kHz channels analog and n times 64 (56) kbit/sdigital (PCM)
» Advantage: Independent of line short-circuit and switching disturbances

» Disadvantage: Fading and reflections during bad weather conditions
Additional pilot links necessary to sending/receiver stations
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SIEMENS
Digital communication

u Wide-band communication via optic fibre or digital microwave
u ntimes 64 (56) kbit/s channels

U pulse code modulation (PCM)

U transmission via dedicated channels or communication network
U access through time division multiplexers

u interface standard for synchronous data transmission:
CCITT G.703 or X.21 (wired connection)

u interface standard for asynchronous data transmission:
V.24/V.2810 CCITT or R$485 to EIA (wired connection)
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SIEMENS . ..
Function sequence of message transmission

Sending side

Message

Digital coding

Segmentation into

information blocks wide band
transmission
Error control modulation
Parallel-to-serial block e f —1 .
conversion synchronisation base band

transmission
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SIEMENS

Structure of aremote control telegram

A

Transmitted frame

Start Control Identification Information Error check End
Start sign Kind of telegram Address User data Checking End sign
Block limit Transmission Origin Measuring Check bits

cause . values
Destination
Telegram length Status
etc. Commands
etc.
< Information field >
< Block length >

v
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SIEMENS Digital communication

Synchronous transmission mode

« all bits follow a fixed time frame

 synchronism between sending and receiving station. (separate
clocking line or signal codes with clock regain)

* block (frame) synchronising by opening and closing flags
* suitable for high data rates
« used protocol: HDLC (high-level data link control)

» cyclic redundancy check (CRC) or frame check sequence (FCS) by
16 or 32 added check-bits (probability of non-detected telegram block
errors: 10~° (CRC-16) or 10719 (CRC-32))

* used for high speed teleprotection

HDLC telegram frame | Opening Address Control Information Field Frame Check | Closing
format Flag Field Field FCS Flag
to 150 3309: 01111110 | 8 or more bits | 8 or 16 bits iy Bz 16 or 32 bits | 01111110
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SIEMENS i i
Multiplexing

Frequency Multiplexing

/\/\/\/\/\/\]\/\/\ f1 — \ Fe +f,+, / M — f1 /\/\/\/\,\/\/\/\/\

WMNW 2 —-TJ

Coded voice tones . Carrier frequency,
300 to 4000 Hz C eg. 100 kHzwithPLC C

<

EC

Time Divison Multiplexing (TDM)

Yy 125 115 Iplul“m“m
5 = — e Bl
MY\ ooeessmss /M
U U

I T 17—
64 kbit/s channds Clock > 2 Mbit/s Clock
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SIEMENS
Communication through transmission networks

Network node
circuit / packet switching

trunk

Station
user terminal point

Transmission path

=] B

loo
P User/

Destination
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SIEMENS

Structure of a modern data communication network

SMA4IT

Long-distance
Application .

Metro/Regional

SMAS/1

| Network
! STM-4
622 Gbit/s
T
Multi-service %“*’; = 2
Transparency . R
J- E'. =
/ Access i
SMATK o . smAa/1 Metwork SMRAST | i
([ TIEETT FEETT
- A STM4 ©T._ Large Enterprise
A \ 622 Gbit/s
SMATK 7
i - _-“'“lf‘”“ = Jf{}'
_ Local \ §
sk - Cross-connect —
SMATK-CP
LAN |
Interconnection - SE. '

(HAHHHRHRH

LAN Site A LAN Site B

@Networks are plesiochronous (PDH),
synchronous (SDH) or asynchronous (ATM)
@Data terminal devices (e.g. relays) are
synchronised through the network

@Rings guarantee redundance.

@Data of different services (e.g. telephone and
protection are commonly transmitted

(time multiplexed)

@Protection relays must be adapted to the given
network conditions (e.g. changing propagation
time due to path witching.

POTS: Plain Old Telephone Services

ISDN: Integrated Services Digital Network
STM-n: Synchronous Transport Module level n
SMA: Synchronous Module Access

ATM: Asynchronous Transmission Mode

ISP: Internet Service Provider
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SIEMENS

Comparison of Switching Methods

Circuit Switching

The physically assigned channel is
established before and disconnected after
communication

POT (Plain old telephony), ISDN

Digital networks on basis of PCM with
plesiochronous digital hierarchy (PDH)

Reliable and fast transmission possible
when connection is established.

Circuit establishment requires a free
channel from Ato B

Connection occupies channel also when no
data is exchanged

Deterministic data transmission (fixed data
transmission time per channel)

Packet switching
Data stream is segmented to packets

Transmission runs connection-oriented or
connection-less

Synchronous digital hierarchy (SDH), ATM
Backbone

Cannel not occupied during whole connection
time

Channels can be used quasi-simultaneously

Data transmission by principle time is random.
SDH and ATM can provide virtual circuit-
switched channels. However, split path signal
routing may however result in unsymmetrical
signal transmission times.
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SIEMENS

SDH network: Split path routing

Node |- ===-- +| Node |~
F e =====- E ®

! Standby \

|\ path /"

try

Node > Node
B ¢ C
o5, L
Relay o | Relay
End 1 P End 2
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SIEMENS
Digital Transport Systems: Bundling of channels

: PCM 7680
PDH Hierarchy
Plesiochronous (almost synchronous) PCM 1920 —M
PCM 480 ] v .
_ 1M X 565 Mbit/s
PCM 120 — ] u  o—
M
PCM 30 SN u >——— 140 Mbit/s
M X :
] Ty >—r 32 Mbit/s
— X7 8Mbit/s
X" 2 Mbit/s
64 kbit/s
SDH Hierarchy
Synchronous
SMT-1 SMT-4 SMT-16 SMT-64
155 Mbit/s 622 Mbit/s 2.5 Ghit/s 10 Ghit/s
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SIEMENS
PDH (Plesiochronous Digital Hierarchy)

Multiplexing structure:
@Base rate 64 kbit/s (digital equivalent of analogue telephone channel)
@Equipments may generate slightly different bit rates due to independent internal clocks

@Bit stuffing is used to bring individual signals up to the same rate prior to multiplexing
(Dummy bits are inserted at the sending side and removed at the receiving side)

JIntermediate inserting and extracting of individual channels is not possible, but the full
multiplexing range has always to be run through.

Hierarchical level Europe USA
0 64 kbit/s 56 kbit/s
1 2'048 Mbit/s 1'544 Mbit/s
2 8'448 Mbit/s 6'312 Mbit/s
3 34' 368 Mbit/s 44' 736 Mbit/s
4 139°' 264 Mbit/s 139'264 Mbit/s
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SIEMENS

SDH (Synchronous Digital Hierarchy)

Multiplexing structure
@ SONET (Synchronous Optical Network) first appeared in USA (1985)
@ ITU-T (formerly CCITT) issued B-ISDN as world wide standard (1988)

@ All multiplexing functions operate synchronously using clocks derived from a
common source

@ Designed to carry also future ATM

SDH SONET
STM level Aggregate Rate  QC level STSleve Aggregate Rate
dC-1 STS1 51,840 Mbit/s
STM-1 155,520 Mbit/s  QC-3 STS3 55,520 Mbit/s
STM-4 622,080 Mbit/s  PC-12 STS12 22,080 Mbit/s
SZM-16 2'488,320 Mbit/s  (PC-48 STS48 2'488,320 Mhit/s
STM-64 9'953,280 Mbit/s  (PC-192 STS-192 9'953,280 Mhit/s
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SIEMENS
ATM (Asynchronous Transfer Mode) and Broadband B-ISDN

Features of ATM:

@ Synchronisation individually per packet Voice Audio  Fax Data Video

| | I
@ Packets carry each complete address of | '
destination so that each can be separately v l v ¥
delivered (Datagrams, here called Cells)
@ Information stream is segmented into cells
that are 53 octets long
|SDN

@ ATM sets up a virtual switched connection
and sends data along a switched path from

source to destination E

@ Requirements on bandwidth, bounded delay
and delay variation can be set by the user

@Single cells can be inserted or removed at the
nodes, as required

@ The predominant use is for net backbones
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SIEMENS
TDM over optical fiber

Optic fibresin the
core of earth wires
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SIEMENS
Bit error rate (of data channels)

_ number of faulty bits
Bit error rate: P = :
total number of sent bits

Typical bit error rates of public services:

Telephone circuits ca. 10°
Digital datanetworks (Germany)  ca. 10%to 10”7
Coaxial cables (LAN) ca. 10°

Fiber optic communication ca. 1012
Utility conditions (CIGRE SC34 Report 2001):
Fiber optic communication ca 106

Data networks (PDH, SDH, ATM) ca. 10®
Microwave ca 103

Requirements acc. to CIGRE report:
Protection and control

in general: <10°
Function guaranteed up to < 103 however downgraded (reduced operating speed)
Line differential protection < 109 and < 10 during power system faults
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SIEMENS
Error detection methods. Cyclic redundancy check

01111110 01111110
Flag | Address | Control Datafield Check field Flag
1(X) 1(X) + R(X)
Sender o > > Receiver
: |
Division
| Division R(x) = CRC by G(x)
1 byGK)

binary: 1 1000 0000 0000 0101

Reduction of the block failure rate by the factor > 10-° against the
. faulty

bit failure rate! data block

(CRC 32: > 1019) aabloc

error free _
CRC 16: G(x) = X16+ X5+ X2+ 1 data block ‘_@__O>

\
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SIEMENS
Data integrity (line differential protection 7SD52/61)

Received data —— Block failurerate

l P=105

Error detection
e.g. CRC =32

|

Residual data @ ——

Block fallure rate
R=10%
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SIEMENS
Residual error rate

R = number of not detected faulty telegrams(data blocks)
total number of sent telegrams(data blocks)

Residual error rate:

Practical range of protection and control systems: R<1019t0 101

Time between 2 not detected errors: T=" n= length of telegram (data block)

V>R

v= transmission speed in bit/s

Example:
Telegrams of n =200 bit are continuoudly transmitted at 64 kbit/s.
R T typical application

10”7 20 hours cyclic transmission (metering)
1010 | 2.3 years

101> | 230000 years remote control and protection
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SIEMENS Protection of ashort line lines
Differential relay using direct digital relay-to-relay communication

C il

ISAG[C ———— === === === - - ———~- ©17SA6

Communication via direct relay-relay connection

Fibre type optical wave maximum permissible
length Attenuation distance

Multi-mode

62.5/125 mm 820 nm 16 dB ca. 3.5 km

Monomode

9/ 125 mm 1300 nm P9 dB ca. 60 km

9/ 125 mm 1500 nm P9 dB ca. 100 km
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SIEMENS
Line differential relaying using digital communication

A B
H3 T@ . $?:H
D o el Lkt »o1 D
7SD52 [P+ - ————===—=qQ~-" "~~~ ~—~—"—-—--—- ©1 7SD52
1T 3
. 1 (OH D o
Chain topology or QO 7sps2fo—
redundant ring topology Enl
C typical <1.5 km
« multimode fibre
! 62.5/ 9/ 125 rm
0) Communication 9)
= network El' Communication
T T converter
X21 or X21 or
G703.1 G703.1
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SIEMENS  Djfferential protection

with communication through data net

I Microsecond exact time keeping in the relays

n Each relay has its individual time keeping
n Sent and received telegrams get microsecond accurate time stamps

I Special relay properties for network communication
m Measurement of propagation times and automatic correction 0 - 30 ms
m Detection of channel switching in the network
m Unique address for each relay (1 - 65525)
to detect signal misdirection (channel cross-over of loop-back)
m Measurement of channel quality (availability, error rate)

I Change of the network path -> Adaptive add-on stabilisation
Settable time difference to consider given data transmission asymmetry

I Adaptive topology recognition
m Automatic recognition of connections and remote end devices
m Automatic re-routing from ring to chain topology if one data connection fails
In case of multi-terminal protection, remaining relay system continues operation
if one line end is switched off and the relay is logged out for maintenance
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SIEMENS
Individual time references by synchro-phasors

Definition of a synchro-phasor:

Synchro-phasors, are phasors, which are measured at different network locations by
independent devices and referred to a common time basis

Time reference
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SIEMENS
Phasor synchronisation between line ends

SRIL L. IB(tAss)

™~

‘IB( tg3)

. L _ _1
Signal transmission time: tpT1 = tPT2 —E(tAl -tAR -tD)

Sampling instant: tgs =tar - t1p2
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SIEMENS
Specification of data channel for line differential protection

based on Cigre Report: Protection using Telecommunication *)

Datarate 64 kbit/s (min.)
Channel delay time: <5ms
Channel delay time unsymmetry: <0.2ms

Bit error rate normal: <10°

during power system fault < 103 %)
Availability: > 09 99 %

*) Report of WG34/35.11, Brochure REF. 192, Cigre Central Office, Paris, 2001,

*) It is suggested that for a BER of less than 106 the dependability shall not suffer a noticeable deterioration . For a
BER of 10 to 103 the teleprotection may still able to perform its function although aloss in dependability isto be
expected.
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Digital Protection
of
Generators and Motors
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SIEMENS
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SIEMENS

Generator differential protection

- { o (\ AN /\ M

AP YYN —AA

\/ "|_"
[SH{S]

N

Connection circuit

NN

H—
N—

I I I I
3 4 5 6 I,

Operating characteristic
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SIEMENS
Generator HI differential protection

0 A A
S8 S oV B AW S sV T
3 \/ IlI_I_”
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SIEMENS
Transverse differential protection

ol —o
P
b

— b

S —
b D
D D
O

L SHiSH
- SHisH

T % g
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SIEMENS
HI earth current differential protection

Differential Protection Symposium Belo Horizonte November 2005

G. Ziegler, 10/2005 Seite 120



SIEMENS
Earth current differential protection for generators

f—\\ o fY\h !I\/\ L1
e

T o 1 |

I |
L
U . P!
""""" -+ - . I
1.5 g L\ 1 ' | I
— - 5 ::3 : | I
) : : \ : (- -c = T | !
(Y I S S __9 . I
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' i — .
b — S R

|
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Py | . '

Tripping
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SIEMENS
Motor starting current

20 T

IRush/IN

Ist/IN 50

-5 T |Uuuu

0 50 100 150 200 25 300

— t,(ms)
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Transformer
Differential Protection

Gerhard Ziegler
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SIEMENS

Transformer: Function principle and equivalent circuits

Wy W,
I, . I
o, r~ > \ 2
oO——1 D‘\ - - S 0
1 & 1 ! )
L R v
= ~ Vo = o}
F ol F c2
N g
Equivalent electromagnetic circuit
|1>W1+|2>W2:| >W, i )
j j TK TK |1>W1: I2>W2
i . << o——1—~YY \—o B .
At load and short-circuit: m 1,2 U 1 T — ? T U, X1k = Xg1t X 5
1712 _ :
o o RTK - Rl+ RZ
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SIEMENS

Typical Transformer data

Rated power

MVA
850
600
300
300

40

16

6.3
0.63

Ratio

kV/kV
850/21
400/230
400/120
230/120
110/11
30/10.5
30/10.5
10/0.4

Short-circuit
voltage
% UN

17
18.5
19
24
17
8.0
7.5
4.0

No-load magnetizing
current
% In

0.2
0.25
0.1
0.1
0.1
0.2
0.2
0.15
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SIEMENS

Transformer Inrush current

s J[U [\L‘U

Inrush-current of a single
phase transformer

Source: Sonnemann, et al.: Magnetizing Inrush phenomena in transformer banks, AIEE Trans., 77, P. Ill, 1958, pp. 884-892

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005  page 126



SIEMENS

Inrush currents of a Y -D-transformer
Neutral of Y-winding earthed

Source: Sonnemann et al. : Magnetizing Inrush phenomena in transformer banks, AIEE Trans., 77, P. 1ll, 1958, pp. 884-892
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SIEMENS

Inrush current : Content of 2nd und 3rd harmonic

100 -\\\
VA
60 v\

0 \ Y m@

I m)
T Im@
20 T—

— \/i\\.ﬁ—r

90° 1800 | 270°  360° Width of base B
240°
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SIEMENS

Inrush currents of a three-phase transformer
recorded with relay 7UT51

E Analog and binary recordings

Zoom Output  Curzor lines Subwindow  Testz Curves Help

NS  Flit.Event 00004

tr105UTS13,111)1

Current WWind. 1
la
2982585 om

-3.0004

Current YYind. 1
]
2952485 cm

-3.0004

Current Wind. 1
I
2962455 cm

-3.000+4

Current WWind. 2
la
2952488 cm

-3.0004

i

3.0004

30004

F.0004

3.0004

i

WL

=] E3

Date Eﬂ

W

-

0,000 ""u'l:i'at‘uUUUM@JUUU%@UUU%UUUUWUM

o by P b b M

L by b B P b

Wwvﬂkﬁawuuwwwwmwwawu

o Sl S e S il B et T -l B s B}

W dadg

O P O O

SRR AR RS AR RRRIRRRY

0,000 0,080 0,160 0,240 0,520

0,400
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SIEMENS

Transformer Inrush current:
Amplitude and time constant

12

_—

Rush N
- N
| AN Rated power
N 10 N .
— ~ In MVA
. N
e SN 0,5....1,0
N N
6 ~ < =l 1,0 10
4 ~— \\\\ >10
—
2
5 10 50 100 500

Rated transformer power in MVA

time constant
in seconds

0,16....0,2
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SIEMENS

Sympathetic Inrush

Wave form:;

1
— % % Transformer
IT x being closed
@_:'i T1

resistance | 2
— Transformer
already closed

T2

Transient currents:

* il Current circulating

\
/ between transformers
N

~

b
T
......
L

T1 T2
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SIEMENS

Transformer overfluxing

Deduction of wave form Harmonic content
%
100
l150/150 |50/ InT/
80 - -~ o
v'e ™~ -~ - i
60 ,’ |259/|_50_. /‘ S
40 et g s A
A 3 50/ 2. / T~
20 Le*” - /.. ~~~~~~~~ = =~
O / ....
100 120 140 %
> U/U,
20 ms
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SIEMENS

Vector group adaptation with matching CTs
Current distribution with external ph-ph fault

Ef==ii
fin 31 El §ﬁ‘ | ; |
3 @ ?
R T
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SIEMENS

Vector group adaptation and | ,-elimination with matching CTs
Current distribution with external ph-E fault

A |_A) Yd1l la
A —o =
IB 3 g o b /
B —> —1 - S
IC, - | ! JC \
C — A 3 £ Py
z". R e
o—1—¢—|li
3 313 i |
’ IT:3 3/1?@@ — @@ |
—— -3
C, C, A, By C, 3001 % ¢ e X 30°
S S A ,
B, A, A, B, a a
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SIEMENS

Traditional |,-elimination with matching CTs
Current distribution in case of an external earth fault

) 3 B ] [
5 — S e
3 £t | \
C A T -
¢? “— «— 3 ;v «— —
! i o
a ! i $=
3 33 R
ENETE ¢

—
—>
«— «—

T§T§f§_ @
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SIEMENS

Traditional |,-elimination with matching CTs

Current distribution in case of an internal earth fault

clek]

A ! —>
S E .|
B G
T —>
[ E] -\
c A +“—— «— <+ y —
' ? | S &
} $ =
o L
3 2 3 |
ESESE | *
3] 3] 3 o i 7 @ Sensitivity only 2/3 I!
@D 87T
t¢ T ' i — @ Non-selective fault
® - indication!
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SIEMENS

Traditional |,-correction with matching CTs
Current distribution with external ph-E fault

" 3 E — | b /
i 3 & | \G
C aa r ] c
i “— «— 3 g" «— «—
l $E- T I ®
¢? ; II' T?_‘J‘;
3 313 o t
ENETE= - | f f
EIEEIR=1IEN

@ &rD

«— «—
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SHEMENE T Traditional 1,-correction with matching CTs
Current distribution with internal ph-E fault

A —
=S T
B G
¢ 3 ET < _> \
c N «— o <«— — c
j? NEER A
AN
t I [N »
¥ n
3 313 M l
EIREIE IR
_»_» 87T.|¢-
_>i_»—> <« <—
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SIEMENS

Transformer differential protection, connection

AN

-
11 lm— - IB1
1 4 1
& U
UA L2 la— <|_BZ B
(110kv) 13 le— = T (20kV)

. HI_u- 1 Digital protection

rg é g contains:

Adaptation to

e = / ]‘  Ratio U, / Uy

Z
Z

7  VVector group
/

Software replica of matching transformers
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SIEMENS

Digital transformer protection
Adaptation of currents for comparison (1)

CT1 W1 w2 _ CT 2
P~ JR-prim — YYYL _rYyn <«— Jr-prim A
N R G I —_— 7
JS-prim — «— Js-prim
A= YN | Ly & —AA
o JT-prim — A AV «—Jt-prim o
| B m— | —
Ty a
JR-sec J o IR, 0- IR* | Com- |__Ir**| Vector | Ir* 0- | Ir IC\)I ; Jr-sec
JS-sec " IS elim. | 1S* parison | Is**[ group Is* olim. ke Is ; Js-sec
JT-sec | m LT T DI | jp+| adapt. | | Lt | g | Jtsec

> —_— < — <

SN

___SN
|N-Transf-W1:J§T 'N-Transf-WZ—\/gTN2
N-1 .

IR I ' JR- sec JR- sec 'y | _ Jr- sec Jr- sec
|S:IN—Pr|m—CT1 JS- sec| =KCT-11JS- sec ls| = IN_P“m_CTZ Js-sec [T KeT- 2% ds- sec
IT N- Transf -W1 IT- soc IT- sec I N - Transf -W2 - s -
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SrEmEnE Digital transformer protection
Adaptation of currents for comparison (2)

CT1 W1 w2 _ CT 2
P~ JR-prim — YYYL _rYyn <«— Jr-prim A
N R G I —_— 7
JS-prim — «— Js-prim
A= YN | Ly D oy
o JT-prim — A AV «—Jt-prim o
L == I —d 1 1
o o
JR-sec I(\)I R ) . [AR] Com_ | _Ir+| Vector | I f o |, Ir I(\)I , Jr-sec
JS-sec | | IS elim. | 1S* parison| Is*| group Is* olim. ke Is i Js-sec
JTsec | m LT | [T DI | p+| adapt. | | |t | o | Jtsec
> — “ — S
_1 1
Io_§>((IR+IS+IT) Examp|eYd5; IO:§>‘(II’+IS+I'[)
l*=1g- 1, Lo e [1R*] |1, ** 255 . -1 0 1|t Iex=1p- g
> =1g- 1, . s = {ls™|H[1*" IS**Zﬁl -1 0|xlg* Ig*=Is-Ig
l;*=1:-1, I 5.1 I * I, ** l¢** o 1 - It * lt* =1t - Ig

Belo Horizonte November 2005 G. Ziegler, 10/2005 page 141
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SIEMENS

Adaptation of currents for comparison
Relay input data

Input data:
*n times 30° vector group number
(only for 2nd and 3rd winding, Winding 1 (reference) is normally:
1st winding is reference) _ _
o *High voltage side
*UN (kV) Rated winding voltage
*SN (MVA) rated winding power At windings with tap
«INW (A) Primary rated CT current changer:
eLine or BB direction of CT neutral Uy = 2><Umax U min

U +U v
*Elimination / | ;-treatment max min

Correction /

without

«Side XX Assignment input for REF

INW S (A) Primary rated current of neutral CT

*Neutral CT Earth side connection to relay: Q7 or Q87
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SIEMENS

Digital transformer protection
Current adaptation, Example (1)

Sy = 100 MVA
U= 20KV  Yd5 Upo= 110 kV
3000/5 A W2 W1 600/1 A
> _'t'\'f\‘_ NYY\_ f Y Y Y \ _'A‘/\I_
7621 A I 2.400 A
aa YYY U LYY Y VN

— 1 | «——— —>

A ~d | Lrrrn _on

I
I—
!
=
| |
LNy
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SIEMENS

Digital transformer protection
Current adaptation, Example (2)

20-kV-side 110-kV-side
100MVA _ 100MVA  _
| N- Trafo - W2 — = 2887A | N- Trafo - W1 — = 525A
/3 x20kV /3 410kV
1 1
J = ——x13200 4,4/~+/3 A J ek =——*X400=4,0A
rst-sek = oo /3=44/3 RST-sek = ¢oo
~ 3000 600
I =—x44 457 /3 A I =—xX1=457A
Norm 2887 / \/7 / \/7 Norm 505
|0-elimination: Vector group adaptation: Yd5
| ** -1 0 1]||457//3| |-457/3 et 2 -1 - 0 4,57/3
|S**:% 1 -1 O0|x 457//3=[2x4,57/3 Ig*|==x-1 2 -1x- 457|=|- 2x4,57/3
3 3
I ** o 1 - 0 -457/3 | * -1 -1 2 0 4,57 /3

|, g =l %+l **= 457//3-457/J3 =0
|, o= lg*+1 ** =- 2x457 /\/[3+2x457 /A/3=0
|, .=l %+l **=  457/y3-457/J3 =0

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 1012005 page 144



SIEMENS

Current adaptation (1)
Practical example for the need of matching CTs

M atching CTs recommended, if *) To keep thg specified measuring accuracy of 7UT51. For protection only
K Wan n>4 or k Wan n < 1/4: *) necessary if 8 <k_ Wan_n <1/8

345 kV, 1050 MVA
500 kV, ¥ v ¥
1500/5 A 1050 MVA Y Y Y

1213 A T Y Y Y\

(1050 — A —

MVA) = 1000/1 A

= | M —{ 13,930 A
~AAAAT - (1050 MVA)
404 A l LA, A
13,8 kV, l 43,43 A
30 MVA W W1/02n
MM

2000/5 A

3¢

l 8,786

|
7UT513 (5A Relay) ket o = 8,786 _ 176<4
T S = J
- 5
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SIEMENS

Current adaptation (2)
Practical example for the need of matching CTs

105040°
V3500

I
n- Tr-W1- sec= 1213A
1500/5

KcT-1 2% =0,809

=1213A

In-Tr-w1=

=4,04A

1050%0°
J3345

I
n- Tr- W2- sek= LS7A

ln-Tr-w2 = =1757A

=4,39A
2000/5
4,39

kCT_ 2 :? :0,878

1050403

J3438

|

W3 s A3980A
—>""1000/1
4393

kcT-3=—F— =8786>4

=43.930A

In-Tr-w3=

=43,93A

Relay

Transformer

winding 1

Transformer
winding 3

40:In= 15 Bit +sign
=215=32.768
32.768 |15

40:In 32.36

1| 0,122%In 0,099%

351,44

1,072%
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SIEMENS

7UT6
Operating characteristic

| |
|
| e | = - ‘
Diff/ 'n .
. { 3& J //\é\i’/ | DIFF >>
<
7 ] 7UT6 \Q<</ /7
/
6 loier = 11+ 1| L’
, o
Istap = [14] + [12] , Tripping area
5 1 P
4 // |
’ Stable operation
31 L7
//
2 - P
7/
1 Additional stabilisation
IDIFF> — for high I,

o 1 2 3 4 5 6 7 8 9 10 11 |gp/l
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SIEMENS

|,-elimination / correction: Summary

e |,- elimination necessary at all windings with earthed neutral or
with grounding transformer in the protection range

Earth fault sensitivity reduced to 2/3 !

Incorrect fault type indication!

e |,- correction provides full earth current sensitivity and correct
phase selective fault type indication, however requires CT in the
neutral-to-earth connection of the transformer.

e As an alternative, earth differential protection can be used to
enhance earth fault sensitivity.
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SIEMENS

Transformer winding to earth fault
Solid earthed neutral

I

per unit
10 /
/
/
Ug ‘ 8 7
] el /
thR > 6 ‘/ )
N ,/ |~ 7
(1 ) N T LTk
—) | F 2 = >
IK 1 P - -
p——— = =
- _ 0 20 40 60 80 100

Short-circuited winding part h in %

Source: P.M. Anderson: Power System Protection, McGraw-Hill and IEEE Press (Book)
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SIEMENS

Transformer winding to earth fault
Resistance or reactance earthed neutral

> %
hpg 100 — >
> I P -~
- I
Infeed side v —L | v e ///
-
‘ IF ] 50 — _ - ,/ |
= = - —
= = O _": 4/
20 40 60 80 100
— h>U R Short-circuited winding part h in %
e =
RE
1 U U
I _h)WZ I —hy U2n xl IK:hZ 2N R
K=y TE = F V3 Uy

Source: P.M. Anderson: Power System Protection, McGraw-Hill and IEEE Press (Book)
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SIEMENS

Transformer winding short-circuit

|

100
I, Ik
X In 30

60
40

20

Source: Protective Relays, Application Guide, GEC Alstom T&D, 1995

~-—..

5

10

15

20 25

Short-circuited winding part h in %

10
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SIEMENS

Restricted earth fault protection of relay 7UT6

KO= 4
KO= 2 0w L]
K | A
- 0 i (o* o) N [ ——
KO= 1.4 TR \
160 : \20 T
DI
KO=1 . ’ ‘\ — <+—
w0 Blocking o = o™

200

Polarised earth current
differential protection
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SHEMENS Restricted earth fault protection 87N (7UT6)
Application aspects

n Increased sensitivity with earth faults near winding neutral _
Preferably used in case of resistance or reactance neutral earthing

N Sensitive to turns short-circuit
N 10/ IN amplitude and angle comparison
n 2nd harmonic stabilised

n Can protect a separate shunt reactor or neutral earthing transformer in
addition to the two winding transformer differential protection

n Not applicable with autotransformers! (as only one stabilising input at transformer
terminal side, -- high impedance principle to be used in this case.
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SIEMENS

Transformer HI-earth fault protection

Lo ,
-| mr | -||—I_' =

m

DI->
IN x DI_>

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 1012005 page 154



SIEMENS

HI differential protection of an autotransformer

s = Lo YYNLIYmM A
) N i A — &
e o YYY LU YYN
Yy 1
B |:> P
87 87 87
- J
® ®
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SIEMENS

HI earth fault protection of an autotransformer

‘%I |
N

DI> r

‘
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SIEMENS

Transformer tank protection 64T: Principle

QL LA
p

------------------------------------
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||
,,,,,,,,,,,,,
b, N,

%\ Insulated —ﬁj

'n

|||||
llllllllllllllllllllllllllllll
lllllllllllllllllllllllllllll
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SIEMENS

Transformer protection, Relay design

(UTG differential protection

|2 | - ' for
| ::u A ~——ga ®Transformers
L] =
Y TP - ®Generators
_ui % 1____I §§§ _  = = p ® Motors
I;‘UT_6‘-|3. e 4 :

Fig.1  SIPROTEC 4
ZUT6 differential protection relay for transfarmers,
generators, motors and bushars

7UT612: for protection objects with 2 ends (1/3 x 19" case 7XP20)
7UT613: for protection objects with 3 ends (1/2 x 19" case 7XP20)
7UT633: for protection objects with 3 ends (1/1 x 19" case 7XP20)
7UT635: for protection objects with 5 ends (1/1 x 19" case 7XP20)
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SIEMENS

7UT6
|ntegrated protection functions

Function ANSI No Function ANSI No.
Differential 87T Overfluxing V/Hz 24
Earth differential 87 N Breaker failure S0BF
Phase overcurrent, 50/51 Temperature monitoring 38
Neutral overcurrent | >, t S50ON/51N Hand reset trip 36
Ground overcurrent (I, t) 50G/51G L. .

Trip circult supervision 74TC
Unbalanced current |,>, t 46

Thermal overload IEC 60255-8 49 SMETRY MBI e ETERIME GemmEneE

Therm. OL IEC 60354 (hot spot) 49
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SIEMENS

Application range (7UT6)

3

—A
Di
D

3R |

aa ‘ -
Di

Shunt Reactor Two winding
transformer

a

(G D

[a
Le

| . .

Generator / Motor

Three winding Transformer bank
transformer (1-1/2-LS)
CAANY/ CAANY
Y Y . Y Y.
D) 1 DI

s

Busbars

Differential Protection Symposium
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SIEMENS

Digital transformer protection relay 7UT613:
Current inputs and integrated protective functions

YN ynO d5
% A~ ~ aaa% Ty
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SIEMENS

Operating characteristic (7UT6)

7
/ _
| its >> 7 V4 ~
L ocus of /
| 6 internal faults v
Op I 4557
| 5 7
n / operate
4
/
3 /7
/
2
A /
1 // 5\096 ///
lgig > = el
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SIEMENS

7SA6: Temperature monitoring

— RS485 Interface

7XV5662-(x)AD10 7XV5662-(x)AD10

m Two thermo-devices can be connected to the serial service interface (RS485)
® Monitoring of up to 12 measuring points (6 per thermo-device)

- each with two pick-up levels
m Display of the measured temperatures

- directly at the thermo-device (which can also be used stand alone)

- at the relay
m One input is reserved for hot spot monitoring (measurement of oil temperature)
m Thermistors: Pt100, Ni100 or Ni120
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SIEMENS

7UT6: Temperature monitoring with hot spot calculation (1)

Example: Natural coolin
P g _ y Qy=hot spot temperature
®h - ®O + ng >4<

Q.= oil temperature

H,=hot-spot-to-oil temperature gradient

k= load factor I/In

L. *H—]—F—L 3 | | Y= winding exponent
f e e A (h : B e
F [‘l e Aging rate:
e gil = o1 Y 980 s reference for
Temp. i V = g_mg h — 2(®h - 98)/6 the aging.of _
—] Agingat 98°C Cellulose insulation

HV ,._ I;( B
LV S ' i

e

i =

Mean value of aging during a fixed time interval:

1 "
XV Xt
T,-T 0’

1 T

| =
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SIEMENS

7UT6: Temperature monitoring with hot spot calculation (2)

I& RTD-Box Measuring Yalues - 22.09.2003 - Diffes =10

B i : 5 e i _ x EE
lg-gThermal Meter - 22.09.2003 - Differential FUT |O] =| Hurmber HMeasured value | vale <]
Murnber I Measured value | value a |IIIIEIE-8 Temperature of RTD 1 7300 ‘ﬂ

01060 Hot spot temperature of leg 1 10z =i

01061 Het spat kermperature of leg 2 102 = — Y 1.6 [o)
0106z Hat spot temperature of leg 5 102 = ®h - ®O + ng >4( » 73+ 23)115 - 102 C
01063 Aging Rate (L) 1.6
01066 Load R L ing lewvel -10 % _ _
01067 Load Reserve to slsrm evel 5 % \/ = 2©n-90)/6 — 5(102-98)/6 1 g
108°C 0
c [*C]
V. T 98°C  t 1m0
3 : 102°C \ t Q,
— Qo
73°C T 80
Q,, Hot spot e —
temp. [ - e
/’ 1.6 - + B0
oil temp. 1 - -
%r)om therI?no- V(relative | 1.15 1%
levice) aging) |
evice L (mean
k (I/In
(Iin) value of V) )g g 20
J-#__
] ]
0.0 10.0 20.0 a0.o 40.0 t a0.0
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SIEMENS

7UT6: Commissioning und servicetool (1)

WEB-Technology

IBS-Tool Access to WEB Browser

Help system in the
INTRANET / INTERNET

Relay homepage address of :

http://www.siprotec.com S http://141.141.255.160
— IP-address can be set with
sk = program DIGSI 4 at the front or

service interface of the relay

=4
1. Serial connection WEB server
Directy or with modem L elieyy Wil

... tostandard DIAL-UP

Server sends HTML pages and
e | we | NEtwork

JAVA code to WEB Browser via

2. HTM L page view DIAL-UP connection
at IP-address of the relay

http://141.141.255.160
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SIEMENS

7UT6: Commissioning and service tool (2)
Display of current phasors of all terminals

SIEMENS

Primary Values

SIPROTEC 4

FUT613

EIRemote
B Remote Contral

EdLocal Measurment Yalues
B Primary Yalues
B Secondary Values

EICharacteristics
& Differential Protection

EAMessages
& Event Log
& Trip Log

EAConfiguration
B Jumper setting

IL181=203 A, 0.0° IL1S2=2.02 KA, 210.1°
— :'I:ggjl 2533 ﬂ : %‘g-}j —— IL252=2.02 kA, 270.1°
f —50.0Hz IL3§2=2.02 kA, 330.1
Version v01.00.05
11 Jun 2003
E*HJEE ??,LLIITTEE11331T5EBD14BBD ---------------
o 141255160

Transformer YNd11d11, 110/11/11kV, 38.1MVA,
IL2S2& wrong polarity
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SIEMENS

7UT6. Commissioning and service tool (3)
Display of operating/restraint state

SIEMENS Tripping Characteristics
SIPROTEC 4
Diff.-Current
7UTE13 1IN0 [3.90; 2.48)
EdARemote

& Remote Control

EdLocal Measurment Values
& Primary Yalues
& Secondary Values

& Ewent Log
& Trip Log

@Cnnﬁguratiun s ) : . Rlesg.-current
& Jumper setting

Version V01.00.05
11 Jun 2003
FLFE: FUTET I SEBDT 4BEO wroveseeeeneen
BF-Mr: FUTE13-Tes

Connect
Host i:141.141.255.160

Transformer YNd11d11, 110/11/11kV, 38.1MVA, IL252& wrong polarity
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SIEMENS

Application examples
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SIEMENS

Protection of atwo winding transformer

753600
| , 7UT512
(50 H (s )
52
w1 0s) (D
W2 (US) I
[ |
52 52 52
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SIEMENS

Protection of athree winding transformer

7SJ600
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SIEMENS

Restricted earth fault protection
for atwo winding transformer

7SJ600

W1 (0S) A @73

W2 (US)
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SIEMENS

Protection of an autotransformer

7SJ600 52

$ 7VH600

52

Load -52

7SJ600

TRW

7SJ600
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SIEMENS

Protection of alarge transformer bank

52

Load =

7VH6 (3)

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 174



SIEMENS

Protection of a phase regulating transformers

Phase regulator

1 1 m

o
)

|
)\ A : v o AI T T
(8w A .
50/50N L Ll | 50/50N
L S e | -: Exciting
@ i ! transformer 51/51N

) i """" -

— oo
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SIEMENS

Protection of a compensation reactor
No phase CTs at neutral side

37

7UT613

)
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SIEMENS

Protection of a compensation reactor
with phase CTs at neutral side

754600

ch E 7UT613

@ |
3T B
¢
'€
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SIEMENS

Differential protection of generation units (1)

5
¢

(o) [oe
F

L&
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SIEMENS

Differential protection of generation units (2)

Di;
d
(:
*) N I %
AN
K &8 3 [
I € I
T
: E— -=-! *) same ratio as generator CTs
| -
|
- 182l Auxiliaries
.
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SIEMENS

Dimensioning of CTs at the station service transformer

250 MVA .
220110k (R Tl Di;
| F{_;lult F1: _
K-T 1 High fault currents in relation to the rated current
¢ apl of the station-service transformer T2 (>100xl,)
/_’I .J C — and long DC time constants (>100 ms) require
250 MVA G K-G _-) a : cog&derable over-dimensioning of CT cores a
10 kV @ TDE ahd e
\l\‘ N 7UT61
25 MVA T2
10,5/5kV
e _ Fault F2:
@ q— EB uncritical as current is limited by short-circuit
~ T SR impedance of station-service transformer T2.

CT é& can have normal dimensions
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Digital Transformer Differential
Protection

|0-correction
+ vector group adaptation

Differential Protection Course PTD Service Nurnberg 2005 G. Ziegler, 512005 page 1
Power Training Center

Copyright © SIEMENS AG PTD SE 2002. All rights reserved.



SIEMENS Transformer differential protection with 10-correction
External fault
L1 L3
L2 ‘4—/ I
3 Yd5 /3
L1 ——— - ﬁ
AP— MY ~YYY, e
/ L2 — —>—>
L’ Py YYY\—¢ _I(YYY\ —
L3 A g | Ly _ o
i L, Ty
| 1.3 - T3
' __T Vector group adaptation
3 1 P B V3
<+— < —> —>—> 2 p— <+—
<«
oy v =L,
- nd Y VAN AR TARLAS
|0-correction T IID \/é
PTD Service Ndrnberg 2005

Differential Protection Course

Power Training Center

G. Ziegler, 5/2005 page 2

Copyright © SIEMENS AG PTD SE 2002. All rights reserved.



SIEMENS Transformer differential protection with 10-correction
Internal fault
L1 L3
L2 ‘4—/ I
3 Yd5 /3
— 1 ] —_—1 1 —
L2 -
e Z YYY\—¢ _I(YYY\ —
L3 A [ rvyog | 'yynm oA
1 | — _I_L
‘_J—“I t i I \-1—“|
v 13 1 %3 Vector group adaptation
T 1 B V3
—> N 2 —> N
oy YN | Sl | N
— <+
o il Ly | i
v I - Iy -
M YN : AL VY
|0-correction D D D \/é
|
PTD Service Ndrnberg 2005

Differential Protection Course

Power Training Center

G. Ziegler, 5/2005 page 3

Copyright © SIEMENS AG PTD SE 2002. All rights reserved.
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Digital Line Differential Protection

Gerhard Ziegler

SIEMENS

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 179



SIEMENS
Line differential protection, Versions
Line differential protection with wire connection
| I
1, current comparison 2 My voltage comparison —24
: v Y : I Y /'\'/\ i
. <« | <
Three-wire S 2 _@ DU D Two-wire
(control cables) -— (telefon pilots)
up to @ > [] U up to about 25 km
about 15 km 1
|, —»
7SD503 1 7SD502/
Line differential protection with digital communication 7SD600
I , I I
L= = I = '
| \J I Y | ! ! I Y '
Y dedicated optic H—T Y line length 2
o . | fibresuptoca. 35km ! v .
ther —» PCM > —» —
) P PCM [ PCM |—» <«—| PCM  [«—
services > Mux "OF or microwave | MUX — —| mux <__’ Mux ¥

G. Ziegler, 10/2005 page 180
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SIEMENS

Digital pilot wire relay 7SD600

—_—
. Combines
=
@Traditional pilot wire protection principle
=l | |
o :
o with

@Modern digital relay technology

@3 Novel features:
§ Self-monitoring and pilot wire supervision
§ Saturation detector

§ Measurement of pilot loop resistance

§ Add-on functions

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 181



SIEMENS Relay to Relay pilot wires communication

New technology on existing (copper-) pilots

Traditional:

H 1A &R -

I
I
: = : : S| Composed current
a P A
L 1S € JAIHRooSocooooooo< I A|F S S Measurement
13 | el !
L e e e e = = = ' Comparison of analogue values L e e — — — -
Modern: l
[EE=E e =mE Phase
o g - = o segregated
= R PN = S S e — el = measurement
| & = ﬁ'i E | - = #i
“!I ass Digital data transmission “L!E:_?_Et

64 kbps bi-directional

4 value digital code (2B1Q)
Amplitude and phase modulation
Spectrum mid frequency: 80 kHz

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005  page 182



SIEMENS o o _
Digital Relay to Relay Communication (Overview)

Dedicated Optic Fiber

L L
101

or

= .<:>®‘ ..... |

N — S

‘ Communication according to given possibilities

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 183



SIEMENS

Converter for digital communication via pilot wire

5 kV
7SD52/61 7XV5662-0AC00 insulated Wire
::|= = . 7XR9516 connection
i OF-cable %_
mutli-mode fibre Barrier up to ca. 8 km
max. 1,5 km transformer

20 kV (optional)

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 184



SIEMENS Line differential protection

with converter for digital communication

7SD52/61 XV 36

Digital

<:> data

\ network

OF |nterface to data network:
Multi-mode fibre X.21or G.703.1
max. 1.5 km (wired connection)

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 185



SIEMENS

Relay to Relay Communication:

Two terminal configuration with hot standby connection

G >

Comms- Loss of main
converter connection
s 0
FO 820 nm
’ E
P
A X21 or
l G703.1
|,
Direct FO- Hot standby
connection. connection
Main _ Data
connec_tlon Permanent Comms
512 kBit/s supervision. network
for the 87L
function
\
I I
-
o)
I | 2 i '
Main connection
1 re-established
Closed ring AN

FO 820 nm

Main
connection
interrupted

A

!

Hot standby
connection
active

Switchover
takes 20 ms

I

Comms-
converter

O
E

X21 or
G703.1
(64 kBit/s)

i

Data
Comms
network

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 186



SIEMENS Relay to Relay Communication:
Ring- and Chain topology, loss of one data connection tolerated

Closed ring @ Chain

side 2 side 2

—| . —
L= afe

'EE llz l EE l| side 3

ﬁ%‘? side 3 ='%j

, LS L+ 1|l , 3E

3 A _3+ 14 I5 =3 A
@ @
lj_+ 12 13

—1 —1
Eﬁﬂ p l + 12 Eﬁﬂ
E 'EHE

side 1 /‘ side 1

Partial current sums

Y T \4 T
= = [=] =
l; L+ -1
1

N
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SIEMENS | ine differential relay with digital communication (7SD52)

Application to 3-terminal line

C
= —_— :I_
e e
et = o
HE

Cable tab 110 kV
8 km, 0.25 nF/km

=40 A
10P10 OH-line A-B 5P20
A 400:1 110 kV, 60 km '
8 nF/km, 1c=10 A 1600:1 B
< ° S
| e == ='|:|_ —] 0 P Digital o H e | R I
- sm —| E PCM communication  J+—>(PCM fe— XX| | &fE | - —---— '
== f /\ network ' B E
OF: 820 nm

Wired interface:
X.21or G701.1
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SIEMENS | ine differential relay with digital communication (7SD52)

Application to tapped line

emmmrmemaa PN E A EE NN EEE RN EEEEEEE R EEEEEEEEEEEEEEREEEmEEE sasssmamnnns]

: | 87L | 7SA52 7SA52 | 87L
: AN N e
O O
7SA52
- 87L
7SA52 -

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 189



SIEMENS | ine differential relay with digital communication (7SD61)

Transformer-line protection

20 MVA, 110 kV / 20 kV,

Yd5
10P10, 10 VA, 200:1 10P10, 10 VA, 600:5
< Jam _~X
Re A0A *
: :
| 1
| 1
I pe— |
I - = — :
| |
> 1

L - LWL E@E S

87T =

50/51

50 BE 7SD61
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SIEMENS
7SD52/61: Biasfor CT erors

Error :
|
% ! i | |

10%
R SR -
) Load range ] Fault range : ]
- |
e f I
ALF'/ALFy* ly.cr ALF’ ely.ct
@ : relay setting parameters Example: 10P10, f_ < 3%, fr=10% at ALF'*ly.cT

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 191



SIEMENS

Relays 7SD52/61: Operating characteristic

IDiff

I piff>

llllllllllllll
’

Tripping
area

Restraint
area

Operation

External
fault

| Stab

g = 13 ¥ 1, +13  (Calculated differential current)

lstap = loife> + S Sync.error + 1| of oy || ¢ foro + [L5] ¢ forg

A 4

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 192



SIEMENS
7SD52/61: Impact of line charging current

i vaVal . ~AA—
|
|
E, TQ L= %I E,
|

lpi =1; + I, + 1o (currents |, and |, counted positive in line direction!)

Without charge current compensation:
Pick-up value: Igg >2,5.. 4 ¢ | e Sengtive setting only for short cables or lines

With charge current compensation:

Pick-up value: Iy > 0,2 ¢ |

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 193



SIEMENS
7SD52/61: High resistance fault sensitivity

230 kV A I, =1000 A B
1000/1 A —_— 1000/1 A
Infeed I ? CE i
1 / Load
7SD52 J= ﬁ] Re 7SD52
line = 120 km o
I.=72A

Channdl unsymmetry: 0.2 ms = 4.32° » 5° (60 Hz)
5P type CT, i.e. 1% error in the load area, set: f -p= 2%
Relay pick-up setting about 4x|: 1. = 30% |, = 300 A

|Op :IA +|B :1000A+||:- 1000A:||:

. D . Dj
IRes = Ipiff > * Fyync tfcta XA +fcre ¥B = Ipif > + (I +|F)>€m7j+||_ >Sm7j+fCTA I +1p) +fcre XL

Ipite > +(2>6in(Dj /2)+fera +ferg )X _ 300A +(2>sin5° / 2) +0.02 +0.02) X000A
1- (sin(Dj /2)+fcra) 1- (sin(5°/2) +0.02)
230kV 230kV

RE. oy = - = 2900hm
Fmax = BXp. i J3%457A

I > = 457 A
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SHEMERS S 29p52175D61: Charge comparison protection supplement

/\ Ql QZ
—_— —
M\ M\
N N
—
1/4 cycle C) T Qs
. n+4 Calculation of the charge
n+2/ n+5 t+T/4 _ _ ng.4 Qpifr =
n+1/ d(t) xadt » (I?n +|I’]T+5 + a In) XAT | Q;+Q,+Q, | Trip
n t n+l 4 Area
nd with DT= 1 ms (18° ) |
4 \ Restrain
Area
Qpirr™>> % — =
Speed 2relays |3relays |6relays
64 kbit/s 21 ms 21 ms 41 ms Settable pick-up value
128 kbit/s 16 ms 16 ms 24 ms 0 0 -0 o
512 kbit/s (FO) 14 ms 14 ms 17 ms rest™

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 195



SIEMENS
Development of IED processing and communication power

Year Memory Processing Bus width Communication
power

1986 192 kB 0.5 MIPS 16 bit 19.2 kbps

1992 768 kB 1.0 MIPS 16 bit 115.2 kbps

1998 8.5 MB 35 MIPS 32 bit 1.5 Mbps (LAN)

2004 28 MB 80 MIPS 32 bit 100 Mbps (LAN)

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 196



SIEMENS 21 & 87 Relay
United full scheme distance and differential protection

Copy of well proven

21 features
138 21 & 87

TR 1
- I.I . r;l

£
wumn B
L]
=
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SIEMENS
Universal line protection relay

87 Differential
21 Distance ~ line protection

67 DEF

For all kind of lines

Short to long lines For all kind of communication:

Parallel lines Traditional : PLC, Pilot wires, Microwave

Multi-terminal lines Dedicated OF

Tapped lines For all kind of operation

Digital microwave

Transformer lines Single and/or three-pole ARC

Comms networks
Series comp. lines

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 198



SIEMENS " Line with larger transformer taps

Release of 87 by 21 distance overreaching zone

& |—— Permissive Allows low setting of 87 pick-up!

@7 tripping

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 199



SIEMENS | ine differential relay with digital communication (7SD61)

Application to tapped line, Example

400/1A£ DI ';_'_'I_'_'_'_'_'I_'_'_'_'_'I_'_'_'_'_'I_'_'_'_'_'I_'_'_'f DI |— 400/1 A
— —o )
U < > U
l,=8 km |,= 10 km l,= 5 km |,=4 km
“1_10 kV = X, = X, 4= X, 4= 110 kV
Secy T2000MVA - 55y 40W 20W 16W  Sscy' ‘=1000 MVA
Zg =6.05W 1 1 1 Z,=121W
— 7 20 MVA 5MVA 10 MVA
u;=12 % Uuc=8 % U, =10 %
Xeer=7T3W Xee1=194W Xgo =121 W
(o)
S
1.1xUN/V3 1141 kV N-T
lsc » N ‘/_= 0/\/5 =957 A Sl Rush »5><a =5x 35SMVA =018 A
Xsc-T 3Q J3UN V310KV

u Setting pick-up value DI > 1.3-957 A
‘ u or blocking DI viaremote signalling when tap protection operates
u or release of DI by an overreaching distance zone

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005  page 200



SIEMENS Fully redundant line protection
using dissimilar protection and comms principles

A
A

MUX MUX

X
/
’
AS
N
R

PLC PLC

0F|[pe
56| e

Fully redundant 87 and 21 teleprotection remains in operation

In each combination of relay and communication failure!

Differential Protection Symposium Belo Horizonte November 2005 . Ziegler, 10/2005  page 201



SIEMENS  Phase segregated 87 differential and 21 distance pilot protection:

Enhanced selectivity with multiple faults

— 87 differential

—1
"EE' E&' and

15 21 pilot protection

i
o
i

i , )|
|:> Pha-E Z <:|

4
7
Phb-E Z

Phase selective fault clearance and auto-reclosing also with multiple-faults

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 202



SIEMENS  phase segregated 87 differential and 21 distance pilot protection:

Enhanced selectivity with multiple faults

— 87 differential

—1
"EE' E&' and

15 21 pilot protection

i
o
i

i , )|
|:> Pha-E Z <:|

4
7
Phb-E Z

Phase selective fault clearance and auto-reclosing also with multiple-faults

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 203



SIEMENS Two-sided fault locator using 87& 21 relay
communication

Il
Grid 1 i“ >, i Grid 2
, s 18]
| - | =
'HHE

Digital comms

Distance 7’ N

Belo Horizonte November 2005 G. Ziegler, 10/2005 page 204
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SIEMENS )
Conclusions

U Combined distance and differential protection relays , together with
modern comms, allow to enhance line protection in a cost saving way.

UThe dissimilar protection principles complement each other perfectly.

UDistance and differential protection can both be configured as phase
segregated teleprotection schemes allowing absolute phase selective fault
clearance and autoreclosure even with complex cross county and inter-

circuit faults.

UDigital relay to relay comms allows to exchange data for upgraded two
sided fault locating.

UUsing a single relay type for distance and/or differential protection also
saves on cost in investment and operation.

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 205



SIEMIER® 79D51: Phase comparison,

Dynamic supplement based on delta-quantities

11 12
_— _
[ N\ \ |
—< ¢
pPCcCP |77~ > PCP
7SD512 |[¥" 7T Tmmmmm-- 7SD512

L | |
() ’QVQWAWAT i2(1) AWAWQWQUL

Di (t) =1i,(t) -i,(t-2T) A Di(t) =i (t) -i (t -II2T) N A\
\ N~

Sign{Di,} Sign.{ Di, }

[~ + ' + + |
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SIEMENS
/SD51.: Phase comparison

11 12 11 12
— — — «—
[ Ja pa | [ N pa |
Y Y Y il
PVS |=====-=- > PVS PVS |===~==°=- > PVS
7SD512 |¢~~~"~—~—- 7SD512 7SD512 |[¢~~~~—~~- 7SD512
i1(t) —s /\V i2(t) # i1(t) _Qvﬂv i2(t) Avﬂv
+ + : + + | |+ + = +
X Inlal Qinis
E + + | ¥ ¥ + + = ¥
L : - | ] = _J
! o : o ' Full coincidence 'Full coincidence
; no coincidence 5 no coincidence I |
E : :—I Tripping :—l Tripping
External fault Internal fault,

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 207



SIEMENS
7SD51: Phase comparison: |mpact of charging current

undefined
range

I Tripping
=2 range

undefined range due to
discrete sampling :
+1/2DT = + 1,66/2 ms= + 15°

Phase shift | caused by
charging current |

Differential Protection Symposium Belo Horizonte November 2005

G. Ziegler, 10/2005 page 208



SIEMERNS Phase comparison protection 7SD51.

Sampling of the rectangular sign wave and data transmission telegram

" /SN
R

—> «— Sampling interval (1,66 ms)

o i
Sign{i(h} 00—
w T
RN
H_J
Telegram acc. to IEC 60870-5
START |1 1 O 1/ 0|1 | CHECK END Hamming distance d= 4
. /
Y

4 directional signs per phase = 12 binary digits

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 209



SIEMENS

M easurement based on delta quantities, Principle

. . . . DI, DI,: DELTA-quantities
Total situation after fault inception: — g
I P
Z N « Z
|—V|1 Jan Jan .E.
\/

AT

@ Load before fault inception:

(),\]\C)

t ~ Ok

i Ly,
4O O O4¢4—
o \ | S
E, @ Ug t @EZ
O
@ Pure fault part : .Z—V} + 17» 1F %ZF Z,
Rr

Differential Protection Symposium

Belo Horizonte November 2005 G. Ziegler, 10/2005 page 210
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Digital Busbar Protection

Gerhard Ziegler

SIEMENS
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SIEMENS Busbar differential protection, Principle

(Analog technique)

] ] Busbar
1 2 ®e ® 0 n «— — .
Measuring
IOPT Tripping
area 0% Operatlng |
characteristic
lop™ -

D
I Res

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 218



SIEMENS

Part-digital Busbar protection 7SS6

_.4AM i_""""'"":
Y e N - -
1 2 e N : 75D601 !
<> ? | i[b_”"'i

L TTIMTO 1,9\mA:/IN

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 219



SIEMENS

7SS6: Operating characteristic

Internal faults (k=1)

7 Relay characteristic

k=0.251t00.8

y
4>

v

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 220



SIEMENS
|solator replica, Principle, (stabilising circuit not shown)

cgiig :
g _____ I_@T?o_g

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 221



SIEMENS

Decentralised BB-protection 7SS52, Structure

Optic fibre-communication
- HDLC protocol

| "% ... % ...z | Iz

0 EH 0 EH 0 EH 0 EH 0 EH

_1 ﬁ T ﬁ ﬁ v ﬁ ﬁ \é\c/)irrliictions
AR T

.
i
¢

O\
4—6——\
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SIEMENS

7SS50/52: Maximum configuration

4 6 7
r r I R B B B R R
LI L) L)1) L) L) L L L) L) L)
\ \ \ \ \ \
\ \ ® ® \ 0}
[ ] ] ] ]
L BT SR
o ¢ Transfer bus
7SS50 7SS52
centralised decentralised
Bays 32 48
BB-zones 12
couplings 4 16

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 223



SIEMENS

7SS50/52: Acquisition and supervision of isolator positions

/']fl % ( Li 5 Connection to

1

central unit
& |—
HH

+
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SIEMENS

Operating characteristic of BB protection 75S52

~* Internal faults (k=1)

Relay characteristic
(k =0.1 - 0.8)

Optional extension
for networks with limited earth

DI > ] <« current (impedance earthing)
DIE> 1-7'/"/———————___.:

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 225



SIEMENS

BB-Protection 75552
Performance in networks with earth current limitation

110 /10 kV
I = 35MVA —2 KA

10kV /3

- | IF =g =10/4/3KV/6Q » 1 kA

mm--—------ ) I - Restraint current: IR$:E|I|:(2+1)+2 KA
_— | '
I |
/ 5'61}"'?'"'?"' - 5 Operating current: |Op:|z||:|E:1kA
- 7 | lop _1
e TTTTTTTTTTTTTETTI v ______________ s k = P =_=02

Relay operating characteristic
(k =0.1-0.8)

D> ]

DI_>= 500 A 1 ;/4,/4/_/ _____ ;//+4/—/ opE= lE= = 1kA
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SIEMENS

Check zone of busbar protection

Check zone:
@ in the past used with HI protection on EHV level (needs separate CT cores)
@ in general not used with traditional low impedance busbar protection (too expensive)

@ However, now integrated as software function in full scheme versions 7SS51 and 7SS52

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005 page 227



SIEMENS

7SSh2: special restraint algorithm avoids over-stabilisation

I
I
I
! I Check zone
! EZ |
fl---%--- --——-PpPp--------P-------- |
Tll le T13 T14 l13+|4
lop lop
/ l +l,
A A
I
/ I, +1; I
-~ »Z _;I :|
2(“3' +“4| ) |1 +|2 IReS ”3 + 14' IReS

Normal restraint:
Sum of all current magnitudes

IRes = Z[I| =[13 +[12]+[13+[14 +[13 + 14

Special restraint algorithm:
Positive and negative currents are added separately.

ip| = +i2 g+ hd ] =i +)14

Smaller value is then taken:
IRes =[] =13+ 14
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SIEMENS

7SS52: Special treatment of dead zone faults (1)

~—o BB-A Bus coupler CB aux. contacts not connected:
o 87-Atrips bus coupler
BB-B A e Currentinverted in 87-B after T-BF.

Subsequently 87-B trips BB-B

if )f Coupler CB auxiliary contacts connected:

D —O- O « 87-B trips immediately after opening of bus
coupler CB because coupler current is
removed from bus protection.

® time reduction (T-BF saved)
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SIEMENS

7SS52: Special treatment of dead zone faults (2)

-9  { SE A) Bus coupler CB aux. contacts not connected:
BB-B « 87-A overfunctions and trips unnecessarily.
T « 87-B ,sees” an external fault and only trips finally
I 1‘ through BF function (delay T-BF!)
~ B) Bus coupler CB aux. contacts connected:
Q)] (D -+ 87-Aremains stable (,sees“ no fault current)

e 87-B trips immediately

Coupler CB auxiliary contacts connected to 7SS52:
Coupler current is removed from 87-A and 87-B current
comparison with open coupler CB.
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SIEMENS

7SSh2: Special treatment of dead zone faults (3)

Two CTs in coupling bay, overlapping protection zones

. BB-A
BB-B Coupler CB auxiliary contacts
* connected:
I t o 87-A ,sees” external fault and
O1% o remains stable
C‘D (ID e 67-B correctly trips BB-B

87A - \\ \‘878
VN

Coupler CB auxiliary contacts connected to 7SS52:
Coupler currents are removed from 87-A and 87-B current
comparison with open coupler CB.
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SIEMENS

7SS52: Treatment of switch onto afaulted (earthed) bus

BB-A
*— Coupler CB close command is detected by

BB-B bus protection (change of biary input

signal):
I X é e Coupler current is immediately re-
~ \, included in the 87 current comparison
C) x\éo. C) before CB contacts close.
« Selective tripping of BB-B by 87-B.
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SIEMENS

7SS52 : Integral breaker fail protection

Bay : : Busbar
rotection protection?

P P JL SS52
Fault
detection ~: —® |

P 2 T-BF Current DI
K -
Trip  _>— | reversal 87

With line fault and CB failure:

Trip command of bay protection hangs on at BB protection
Forced current reversal of the current of concerned bay after T-BF

Zone selective tripping only of the concerned busbar
Advantage: Reset time (overtravel time) of bay protection does not matter
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SIEMENE T External bay dedicated BF protection

Zone selective tripping viaisolator replica of 7SS52 busbar protection

Bay (feeder) protection

. T-BF
trip > — L

7SS52

S Lo

Fault \

detection "

Isolator
replica

Selective
bus
trip

eo0o0 |

v

 BF trip command to busbar protection binary input
(for security: fault detection signal as second criterion)

« Distribution of trip commands via isolator replica to breakers of concerned

busbar

 ezone selective tripping of concerned busbar

Differential Protection Symposium
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SIEMENS

Fall safe design: 3-out-of-3 decision per bay

DI of check zone DI of discriminative DI of discriminative
calculated zones, calculated from zones, calculated from
from all samples even samples odd samples

N NS NS

Trip-gela)ly

(per bay

B S R
5
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SIEMENS

Adaptive measurement (Booster circuit) (7SS5)

odd  dlg
Samples E

Even dl <
Samples — —

dt /)N “\‘
- L\:'\\\ms\""\

—— Check zone

1ms dt
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SIEMENS Digital busbar protection 7SS5, Measuring technique

External fault, symmetrical fault current

11 12

L Pl |
Y | ?

1
11 V\ ‘ lop= [11+12]

Kl = K-(11[+12])

=l 1112
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SIEMENS Digital busbar protection 7SS5, Measuring technique
Internal fault, symmetrical fault current

11 12
— —
N 4 £\ | 20
O V4 O
A
11 ‘ o= [11+12]
0 1 20 poET s
-1+ \/
1-- []
|2‘ 0.5T ‘.
! : :
ol N %0 Kl =k (12}+]12])
_1__ See®
-

—1 Tripping!
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SIEMENS 7SS5/6: Admissible over-burdening - Necessary dimensioning of

CTswith regard to symmetrical fault currents

I | % IEZ 1, Re F= C‘e2(t) =(R + RB)az(t) \

\
\‘ 5
\

~ A \

f 1 \\ T \

_ -~ ) ¥

A 4 \ :

\ \

f = |

max »
» O
1800 900 54
Im
180° 180° 180°
Pmax @ (PLPuaN M)t =(Ri +Rp) (PLFéoN(®dt=(Ri +Rp)ALFA2x (Jmodt=(Rj +Rp)ALPHaN 2
0 0 0
_loF/lon _ 2
X 180° |I2F :ALFIXXL OB AR X
izpéinxxjt:ALF@ZN X Ginx>dt=ALF'>E2N R - N Ginx (\jinx
0 (0]

o (0]
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SIEMENS Required restraining factor k dependent on over-burdening

factor K5 (over-dimensioning factor K¢)

15T
L] ‘—v.r— -
1t [ h
T, F AeTteITTTTTTT s s bl
= [I11}+ 057 ‘ ~ _
IR& |I ll |I2| | >\ .? -..1 |K IOp_ |11+12|
ﬁ" \ 10 20 0 10 20
X 24 F Xsin X
Condition for stability: 1) < K-lges IF<kxxpsinx  (7)
| 1
@ sinx >— )
2K

K
> k> OB or k> L
@ o=EA =T 4x/Kop - 1 4K g - K2
n' X 1- cosx OB TF- KTF
from previous transparency) c\jinX
0

Kog= CT over-burdening factor

K= 1/K,g = CT over-dimensioning factor
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SIEMENS

Digital busbar protection 7SS5, Measuring technique
External fault, fault current with DC offset

11 12
—_— —_—
1 | ?
o ~
o
-
11 = i
| VAWAVERENC L \,
W\ \w 0 2 z ®
o
12 JANBEVAN _/ 1
20\] £ 40 \J 60 K-lges =K-(|I1[+]12])
-1 ) 0 20 ..:i(.) ........ 60
2T 1T
R /\ } } {
| _ 20 40 60
|ReS:||1|+||2| 1 DI_IOp B IRes V
14
N

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 241



SIEMENS

Digital busbar protection 7SS5, Measuring technique
Internal fault, fault current with DC offset

11 12
-_— —
4 o~ | 3T
o aVaWA!
i
11 T IOp: 11+12] 0 \g:ﬂ 40 &0
| A VA
¥\ b §
2 2 ‘ il
) /‘ /\- Klges =K-(IILFH[I2]) 27
W N VAN
o
ot 0.757
----- Di=lg, - |
Ire=lI1112) woRE os
%0 40 & LT

J Tripping!
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SIEMENS

CT dimensioning for busbar protection 7SS5, Example (1)

110kV
S ‘= 4GVA

110/10 kV 10 kV

25 MVA 10 MVA

u,= 14% Xd' ‘= 15%

T,=60ms Te=100 ms

1500/1 600/1
150/1 300/1 300/1 300/1
—
4= 6N
Xd'‘'=17%
l l T,=35ms
2MW 5MW 5MW 5MW

6
|N_T :& =1440A
3
1040° %/3
6
IN- G =—10>§I.O =577A
3
10403 %/3
5x0°
SIN- M-HV =2X—3=577A
1040° %/3
IF-T :M:lls kA
lE-G = 1']('));5577 = 4.2 KA
SIE. M :1'3’;77 =37 KA
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SIEMENS

CT dimensioning for busbar protection 7SS5 and 7SS6, Example (2)

Asworst case, the CT 150/1 A inbay 1 is considered.
Total fault current with a fault at the transformer HV terminals:
g =Ip-T+HIE-g H2EIE- M =11,3+4,2+3,7 =19,2 KA

Equivalent time constant:

T XIT+HI . g XTg + 2o M XT _ 11.3%60 + 4.2 X400 + 3.7 X35 _

TEquiv. = = 64 ms
Equiv. ET+IFG*2F M 113+42+37
We consider aCT type 5P?, 30 VA, internal burden Pi= 15% (4.5 VA):
Connected burden Pa= 1 VA
CT over-dimensioning factor for 3ms saturation free time: K, ca. 0.45
Corresponding to an overburdening factor of kg= /K. =2.2
Checking of the k-setting kOB 292
" - : : k > = ’ = 0.5 (chosen: k=0.6)
(Stability with symmetrical fault currents): 4 W 4 x(2_2 _ 1)
SIE 19.200
ALF '=—T xKTg = »0.45 = 58 _ PatH _ 1+45 o _

We finally choose: CT 5P10, 150/1, 30 VA, R2£ 4.5 Ohm
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SIEMENS " Transent performance of iron closed CT cores (type TPX)

Over-dimensioning factor K- for short time to saturation

15 15
Kie ™ Kre e ™
1.3 1.3
1.2 1.2
1.1 \/ Sms 1.1
. 1 5ms
0.9 0.9
0.8 0.8
0.7 \/ 4ms 0.7 4ms
0.6 0.6
05 k 0.5
0.4 3ms 0.4 3ms
0.3 0.3
0.2 0.2
0.1 0.1
00 10 20 30 40 50 60 70 80 90 100 % 1 2 3 4 5 6 7 8 9 10
Ty Ty
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SIEMENS

High impedance busbar protection

R Resistance of CT secondary

Rer Rer Rer Rer winding
R, R, R, R, R, : Connection cable resistance
® T Rgy: Relay series resistance
: . 3 | _
Rgs: Relay shunt resistance
Varistor 3428 [] Res Rey
Lo, (U, (o]
® [
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SIEMENS

HI busbar protection, calculation example

Given: :n = 8 feeders R, =3 Ohm (max.)
rcr = 600/1 A Ir==20 mA (fixed value)
U,y = 500 V Rgy = 10 kOhm
Rer =4 Ohm Rrs = 250 Ohm
l.r = 30 MA (at relay pick-up voltage) |, = 50 mA (at relay pick-up voltage)
Primary pick-up current: Stability with external faults:
RR
L= + + + | E- - <Tr x X
IE-min =fcT {IR +1s+1v +nXmR) F- through - max = fCT *z —"p —— "R
e min =222 0,02 +0.89 +0.05 +8>0.03) 600 10.000
-min =7y 'F- through - max < —— %5002
|F- min = 666A X111%I N. cT ) |F- through - max <17 kA =28Xp
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SIEMENS

Busbar protection, Composite current type (7SS600):
Performance under unfavourable system earthing conditions

Faults in other phases:

Busbar
A } A= YN
A Y | Ik , — vy Loyl
l ‘ 2 1 3 \ 1 3 1 2 f
IM=2-1,, + 11 5+ 3 -l \/\‘//, =21+ 1-1 5+ 3 I
=2 (=Ip) + 1 (=1 + 3:0= =3I =21+ 1 I+ 33l =+12 I
lop=l Tz * vz [ =9 - |
lres=Ila| +llyppl = 15 -l k=9/15 = 0.6 Op Fault L2.-E K=0.5
Fault L1-E: 1o, = (3+12) |, =15 "I, 1
o= (3+12) -I. = 15 -1, -
Fault L3-E: lp, = (0+12) -l = 12 I, B ~= |
o= (0412) -l =12 I, k=1 Res

Differential Protection Symposium

Belo Horizonte November 2005

G. Ziegler, 10/2005 page 248



SIEMENS

Busbar protection, Composite current type (7SS600):
Performance in networks with earth current limitation

_ 35MVA

10KV %3

||| |F=|E=10/\/§kV/6Q»lkA

110/10 kV I =2 kA

Ja Re=6 Ohm (Ig =1 kA) Worst case: Fault in phase L2
Restraint current: | pes =3 x\/§ kA

Operating current: IOp = 3>f|_ KE‘ =3 kA
lop 3

k = = 0,57

) |Res _3>‘\/§

Fault L2-E

lop
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SIEMENS

Differential Protection 7UT6

Remarkable Features
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SIEMENS

The 7UT6 Family

:_,.-—:—-\I (UTG6 differential protection
X e ] for

“w = o= ®Transformers
T
. o R - ®Generators
i W ] --E = .y | _
e b | 5 ® Motors
7UT;BEB; e ——" : C LN .Busbars

. TR - N
LsPz456afpeneps

Fig.1  SIPROTEC 4 -
JUTE differential protection relay for transformers, 7UTE12
generators, motors and busbars

7UT612: for protection objects with 2 ends (1/3 x 19" case 7XP20)
7UT613: for protection objects with 3 ends (1/2 x 19" case 7XP20)
7UT633: for protection objects with 3 ends (1/1 x 19" case 7XP20)
7UT635: for protection objects with 5 ends (1/1 x 19" case 7XP20)
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SIEMENS

7UT6: Hardware options

m Relay version m/UT612 m7UT613 m/7UT633 m/UT635
W current inputs (normal) m7(7)Y) wml1l1(6)!) mll(6)!) ml1l4 (129
(sensitive) ml ml?) ml? m2?2)

m Vvoltage Iinputs (Uph/ UE) W --- m3/1 m3/1 W ---

m Binary inputs m3 m5S m2]1 m 29

m Output contacts m4 m3 m24 m 24

m Life contact ml ml ml ml

m LC Display m 4 rows®) m4rows3) mGraphic mGraphic

1) 1A, 5A, (1A, 5A, 0.1A)
2) link selectable normal/sensitive

3) alpha-numeric
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SIEMENS

7UT6: Scope of functions

Function ANSI No.
Differential 87TIG/MI/L
Earth differential 87N
Phase overcurrent, 50/51
Neutral overcurrent | >, t S5ON/51N
Ground overcurrent (I, t) 50G/51G
Unbalanced current |,>, t 46

Thermal overload IEC 60255-8 49
Therm. OL IEC 60354 (hot spot) 49

Function

Overfluxing V/Hz
Breaker failure
Temperature monitoring
Hand reset trip

Trip circuit supervision

ANSI No.
24
S0BF
38
86
74TC

Binary inputs for tripping commands
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SIEMENS

7UT6: Application (1)

3

_a
Di
D

THG

Di

Shunt Reactor

Two winding

transformer

a

|

Generator / Motor

Three winding

Transformer bank

transformer (1-1/2-LS)

VAAANY
- Y YN
e s

DI

Busbars
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SIEMENS

7UT6: Application

(2)

Generation Unit
protection
(overall differential)

HI restricted earth fault protection

876D higrHmpeadan
m differental pretoction 7UT6§X

—X\ /Y /Y /X—
T
g
1- t- L ||I
C 3
e @ Iy input Farminal]
] ,||_E3,Ej_E v of the unit
o [ N D
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SIEMENS /UTOG:
selectable: 1 ,-correction or restricted earth fault protection

YN

0o
I
]

1 |- | I
oy e — A S o w—
> L
YN YN I W - Y
1 |- Y — L — L

0 d5
-

LU 3

{L : :
! l T {}v@ﬂﬂﬂ

7UT613
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SIEMENS

7UT6: operating characteristic

7 T
/
lyir>> 7 2 S
Locus of /
6 internal faults
lo 45°,7 eq//
P 5 / oQ/
|, /
4
/
3 /
/
2
& —
1// S\Ope a
| ..> = el
f ‘
di 0!0 5 4

*) Slope of add on characteristic:
7UT6 & as slope 1 (7UT5 & % of slope 1) "

Differential Protection Symposium Belo Horizonte November 2005 . Ziegler, 512005 page 255



SIEMENS

7UT6: Effect of supplementary restraint in case of CT saturation

&3 Circle Diagra

8l-10]:

50 -

45 -

4.0

3.5

2.0 o

5 o

20

MnogSecondany

0.5 -

0.0

Area of
add-on
restraint

Restrain

0.5 H

MnO{Secondand
KA DL IRest-L1 ————

22 Time Signals - FRODD015.CFG: 18.06.2003 14:16:23.071 Y [
| ]
B1LT-510A
0 o
5
0.0z o.po EI I:IE EI 04 /‘{DE /E\I‘:IS /B\‘
1 I, .
, NN V V
KZ:iL1-S2im
g AWAWAWAWAW
o | N |.l'/\. /\\
AT AT AN AT AT AT AT ATy
10 4
15
NS
59 0.0z o.po 0.0z .04 i i 0.14 tfs
0 4+——— . : : : : : : :
k1101 E— kK1:1Rest-L1
Relay TRIF |
Relay PICKUP I I
Diff picked up 1 ]
Diiff BI. exF.L1 1 1
Doiff BI. exF.L2 I
Diff BI. exF L3 |
Diiff= TRIF
Dlﬁb‘;TRIP T T T T T T T T T
-0.02 0.oo 0.0z 0.04 0.06 0.02 o.10 0.1z 0.4 tis
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SIEMENS

Differential protection functions 5> and | 5;>>

Measuring value

Sampled
momentary values

Fundamental wave:

it = EFf(inise)som;

rocessin
. > ¢ o . li- |+ i) Average value
I . 7| Tres = M1l* 11 P SF
L}%’—D Side 1 9 s IStab = Ipest
. i L’ igp = ip *1i
——454 D Side 2 ] lop =1 T2
T Ipiff T lpes re
|pife
5
/ 3
= o
by £
, =
0
100 150 ms 200 100 130 ms 200

Operating characteristic,
Saturation detector
IDiff
Trip
|pisr™ | & H——
Stab IDiff>
Motor start,—+ |
DCcomonent
Harmonic Analysis:
»| -2nd Harmon. Blocking O
-Cross Blocking
IDiff
> —————— Ml
| > Tri
: 31P
Ipiff lpi¢e>>
L2 o> ————— -
i >

Fast tripping using sampled momentary values
ensures dependable operation in case of extreme CT saturation!
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SIEMENS _ _
/SAG: Temperature monitoring

RS485 Interface

7XV5662-(X)AD10 7XV5662-(X)AD10

m Two thermo-devices can be connected to the serial service interface (RS485)

m Monitoring of up to 12 measuring points (6 per thermo-device)
- each with two pick-up levels

m Display of the measured temperatures
- directly at the thermo-device (which can also be used stand alone)
- at the relay
m One input is reserved for hot spot monitoring (measurement of oil temperature)

m Thermistors: Pt100, Ni100 or Ni120
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SIEMENS

7UT6: Temperature monitoring with hot spot calculation (1)
Example: Natural cooling

— Y  Qh=hot spot temperature
®,=0,+H, XK |
Qh= oil temperature

H,=hot-spot-to-oil temperature gradient

k= load factor I/In

Y= winding exponent

Aging rate:

989 is reference for

v =290 AOh _ ,@-98)/6  the aging of
Agingat 98°C Cellulose insulation

Mean value of aging during a fixed time interval:

1 "
XV Xt
T,-T 0’

1 71

L =
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SIEMENS

7UT6: Temperature monitoring with hot spot calculation (1)
Example: Natural cooling

I& RTD-Box Measuring Yalues - 22.09.2003 - Diffes =10

- 22.09. - Di ial TUT - O] x —
lg-gThermal Meter - 22.09.2003 - Differential FUT O x| Humber Measured value | vale 4]

Murber I Measured value | value - |IIIIEIE-8 Temperature of RTD 1 73 °C ‘ﬂ
01060 Hot spot temperature of leg 1 10z =i : . :
01061 Het spat kermperature of leg 2 102 = — Y 1.6 [o)
0106z Hat spot temperature of leg 5 102 = ®h - ®O + H gr >4( » 73 + 23)115 - 102 C
01063 Aging Rate (L) 1.6
01066 Load Reserve to warning level -10 % _ _
01067 Load Reserve to alarm lewvel 5 % V = 2(®h 98)/6 = 2(102 98)/6 » 1_6
108°C | .,
K [°C]
V’T 98°C + 1am
. 102°C \ t Q,
2
[ —
Q,
73°C -+ 80
Q,, Hot spot e —
temp. - - ~
/ 1.6 + B0
oil temp. 1 -
%r)om therl?no- V(relative | 1.15 1%
levice) aging) '
evice
k (I/In) L (mean B 1 o
value of V)
J-_’__
] ]
0.0 10.0 200 300 40.0 t a0.0
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SIEMENS
7UT6: Commissioning und service tool (1)

WEB-Technology

IBS-Tool Access to WEB Browser

Help system in the
INTRANET / INTERNET

Relay homepage address of :

http://www.siprotec.com S http://141.141.255.160
— IP-address can be set with
sk = program DIGSI 4 at the front or

service interface of the relay

=4
1. Serial connection WEB server
Directy or with modem L elieyy Wil

... tostandard DIAL-UP

Server sends HTML pages and
e | we | NEtwork

JAVA code to WEB Browser via

2. HTM L page view DIAL-UP connection
at IP-address of the relay

http://141.141.255.160
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SIEMENS 7UT6: Commissioning and service tool (2)

Current phasors of all terminals can be displayed

SIEMENS

Primary Values

SIPROTEC 4

7UT613

EARemote
B Remote Cantral

(ALocal Measurment Values
B Primary %alues
B Secondary Walues

EACharacteristics
& Differential Pratection

[AMessages
B Event Log
& Trip Log

B Configuration
B Jumper setting

IL151=203 A, 0.0° IL152=2.02 kA, 210.1°
—IL251=202 A , 240.1° — IL252=2.02 kA, 270.1°

IL3S1=201 A, 120.1° = o

f =50.0 Hz IL382=2.02 kA , 330.1

Yersion v01.00.05
11 Jun 2003

[ =R =y by = 1] ] e———
Mr: FUTE13-Tes

Transformer YNd11d11, 110/11/11kV, 38.1MVA,
IL2S2& wrong polarity
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SIEMENS  7UT6: Commissioning and service tool (3)

Operating/restraint position can be displayed

SIEMENS

Tripping Characteristics

SIPROTEC 4

7UT613 Eliri:fai:urrent

[3.90; 2.48)

EdARemote
& Remote Control

EdLocal Measurment Values
& Primary Yalues
& Secondary Values

Characteristics
& Differential Protection

Messages
& Ewent Log
& Trip Log

EdConfiguration Rest.-Current

& Jumper setting G ’
IT.-LUrren

CDiffL 1

Version v01.00.05
11 Jun 2003
MLFE: ZUTETHEEROT 4B coeemeeeeeeeee ' ter | DIFF :
BF-Mr: FUTE13Tes - N iy
ter | DIFF ==

Connect
Host i:141.141.255.160

Transformer YNd11d11, 110/11/11kV, 38.1MVA, IL252a wrong Polaritat
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Transformer with Vector Group YyO

7UT612

80 MVA
YyO
20 kV 110 kV

2500A/1A 500A/1A
S Al ) A 0

=

SIEMENS

PTD PA13 N. M Tests 7UT 05/03 No. 2




Method of Vector Group Determination (ExampleYyO)

llis2 Side 2: Side 1:
2L —=
N -fm-l —t S 1L1
212 < M -L1.51
JanY
213 —= — PR T -
JY_Y.\J A e S 1L3
Ui Yiis:
lLl,SZ - aL1 lLl,Sl
A S ‘
r'd 7% ~
PRI P ~
-’ N “ A
™ A
Uss, Usso Uizs: Uos
—> 00

Vector group is

YyO
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Transformer Protection

7UT612

80 MVA
Ydl1l
20 kV 110 kV

2500A/1A 500A/1A
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Method of Vector Group Determination (ExampleYd11)

ll1s2 Side 2: Side 1:
2L —=
Ny —/Y_Yb-l — o Q 1L1
212 — i1,
Ny LYY Y = 1L2
213 ——=
MI Q 1L3
liso=l-15 ll1s1 Uiso YUiist
\ 7N
i~ > >Ubs e N
/
A QLB,Sl gLZ,Sl
Uisso
Vector group is 333980
Ydi11 (n =30
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Definitions in SIPROTEC 4 Relays

Vector definition to a node is positive

The shown vectors or phase angles are transformed in
this positive definition

The phase angle is displayed mathematics positive.
The reference phase is always phase L1 on side 1

How to see the vector group Yd11?

Original Siprotec 4 (Browser) Phase angles

4

. —— Sidel: 0°
(reference phase)

Side 2: 210°
= Please subtract 180°,
than you get 30°

(360° - 30° = 330°)
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Currents: Side 1 Currents: Side 2_

2=1.00 A
2=1.00 A,
2=I':I]DDA

o
3
x=

PTD PA13 N. M Tests 7UT 05/03 No. 7



Vector Group Determination via Fault Record

IL1;Side 2 lags 150° or leads 210°

/ILl;Side 1

|+
]

=

KEJLQ-.SE E
60 -
100 ~

k1iL3-51 kL3-8

K1IL1-51 F1L1-581

K2AL1-52imA

i :-”_15?5"%-1- 2 KziLz-82 o

50
1800mA - 80" 150,0 mé s
S KZil1-52 K1iL2-51 Il o
KZiL2-52 K1:L3-81 K2iL3-52 ' '
Way 1: Way 2:

IL1 Side: 210° - 180° = 30°
leads 30° or lags 330°

IL1 Side: 150° + 180° = 330°
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SIEMENS Transformer differential protection with 10-correction
External fault

L1 L3
e [

3 Yd5 ﬁ J3
= AP Y, YN — .
L2 i~ — T
L A —rrrg | Ly o
L3
PO Y g | LYY — PR
lt LL“' L _’1—“.
| 13 R13 |
— ___T Vector group adaptation
3 1 ) 2 , _1» :/_é
g o | i Rl ]
L YW /M JYLYX = lhm | m
ond il [{mn = Lo foomn
|0-correction T ? ||3 J3

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005  page 2



SIEMENS Transformer differential protection with 10-correction
Internal fault

L1 L3
e [

3 Yd5 3 Ne
L2 / -
o P!

g
5 L

MY Y
YY" ¢ | LYY
Y | Ly

1

Vector group adaptation

N —
| 1:3 %3

1
1 1 = V3
g A | I L |
ol ol | RSV WYL —
|0-correction D D D \/é
— o |

Differential Protection Symposium Belo Horizonte November 2005 G. Ziegler, 10/2005  page 3
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Transformer with Vector Group YyO

7UT612

80 MVA
YyO
20 kV 110 kV

/k /k : S 500A/1A

2500A/1A )

L/

(
=
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Method of Vector Group Determination (ExampleYyO)

ll1s2  Side 2: Side 1:
2L —=
7YY\ . S 1L1
212 =0 7~ —
A\
213 ——= — | v -
-fY_Y.\J AAe S 1L3
ng,SZ ng,Sl
ll1s2=14 ll1s1
a A ‘
P d 7N ~
PRI . -~
R ~a
QLS < QLZ,SZ QLB,Sl gLZ,Sl
— 00

Vector group is

YyO
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Transformer Protection

7UT612

80 MVA
Ydll
20 kV 110 kV

A /k n O 500A/1A

2500A/1A )

L/
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Method of Vector Group Determination (ExampleYd11)

ll1s2  Side 2; Side 1:
2L —=
Ny —m-‘ 0 = 1L1
212 —O s,
Ny LYY O S 1L2
213 —O—=
% S S 1L3
liso=l-15 ll1s1 Uiso Uiist
\ N
- — > -, N
‘/// THESE e ~a
% QLS,Sl QLZ,Sl
Uiss
Vector group is 333980
Yd 11 (n =307
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Definitions in SIPROTEC 4 Relays

Vector definition to a node is positive

The shown vectors or phase angles are transformed in
this positive definition

The phase angle is displayed mathematics positive.
The reference phase is always phase L1 on side 1

How to see the vector group Yd11?

Original Siprotec 4 (Browser) Phase angles

A

. —— Sidel: 0°
(reference phase)

Side 2: 210°
e Please subtract 180°,
than you get 30°

(360° - 30° = 330°)
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Secondary Values

Currents: Side 1 Currents: Side 2_

IL1S2=1.00A, 209°

— IL252=1.00A, 89°
IL3S2=1.00A, 329°
I8 =0mA

1=
1=
1=

1
1
1
0
5

o T= Io X

.00
.00
.00
.00
0.0

-
(]
T
']
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Vector Group Determination via Fault Record

IL1;Side 2 lags 150° or leads 210°

/ /ILl;Side 1

S

|

KiLT-S1imA =

b

KZiL2-82

L
B
'%%—e

K1L3-51 k1L3-51

BILT-51 F1L1-51

180

Kzisma 4
|
=60

(kiR K2iL3-52 . ;-iL*é?s'”H' | giaer™

60,0 ma

N500mA - -00"

KZIL2-52

—! KziL1-52
K1iL3-51

K1:iL2-51
K2iL3-52

— 100

Way 1: Way 2:
IL1 Side: 150° + 180° = 330° IL1 Side: 210° - 180° = 30°
leads 30° or lags 330°
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