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Theory of electrical
protection

The main task of protecting electrical equipment is to ensure that the
equipment or the section is not exposed to adverse conditions, e.g. overloading of
the equipment and the resulting reduction of its service life, or to random fault
conditions caused by a short circuit.

For these reasons it is necessary to know the interactions between the
equipment or the section and its surroundings, which have a very significant
influence on the equipment itself. The effects of the equipment on its
surroundings and of the surroundings on the equipment must therefore be
known. The setting and the design should be based on the most detailed
information available on these aspects.

If the information is incomplete or unclear, the calculation for the protection of
the equipment or the section should not be started at all, or the influence of the
surroundings on the equipment should be assessed more conservatively.




Theory of electrical protection
— overcurrent protection
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Protection theory —
overcurrent protection

Time-graded protection — selective tripping requires current and
time grading, which provides mutual back-up between the protective
relays. For this reason these relays contain a starting element and a
timing element, which, together with the measuring and directional
elements, identify the fault condition; the relay then responds to these
changes according to the set times and pickup currents. Time-graded
protection includes overcurrent and distance protection.

Overcurrent protection works on a simple principle and is used as
back-up protection, or as main protection on MV lines and on less
important low-voltage lines. As the name implies, the relay responds to
current values above the set pickup current I, during line overload or
short circuits.
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Theory of electrical protection
— overcurrent protection HE
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Theory of electrical protection
— overcurrent protection

Definite-time — operates after the set time t> if the current exceeds ki>. For
higher currents I/IN > ki> the characteristic has a constant operating time given
by t> and no longer depends on the change of current.

Instantaneous — operates when the set current ki> is exceeded, almost without
delay. The delay corresponds to the response time of the relay itself, about 20 ms.

P4 - permissible region; Pz - prohibited region; ho - operating boundary; t> - time
delay; ki> - current pickup setting
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Fig. 2 Operating-time characteristics c) definite-time; d) instantaneous
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Theory of electrical protection
— overcurrent protection
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Setting of overcurrent
protection
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Ikmax — maximum short-circuit current (3-ph); Ikmin — minimum short-
circuit current; Ir — pickup current; Io — dropout current; Izmaxoz —
maximum inrush current for auto-reclosing; IzmaxM — maximum motor
starting current; In — rated current; Ipmax — maximum operating current [SEL) e SEL-751
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Setting of overcurrent
protection
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Setting of overcurrent
protection

The three-phase short-circuit current is usually the largest. In the case
of a short circuit close to a transformer with an earthed neutral, the
single-phase short-circuit current can be larger than the three-phase one.
This applies mainly to transformers with Yz, Dy and Dz connections
when the y or z winding on the low-voltage side of the transformer is
earthed. For this reason, the two-phase short-circuit current is used in
the calculation of the pickup currents.

FElectrical equipment is rated for the highest short-circuit current,
which in most cases is the three-phase short-circuit current. Unlike
overhead lines, cable lines suffer three-phase faults in almost all cases,
because the arc destroys the insulation of all three phases. Two-phase
faults on lines can cause increased stress on single-phase transformers
connected to three-phase busbars.
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Overcurrent protection characteristic

t> - time delay for overload; t>> - time delay for short circuits; I> -
current pickup setting for overload; I>> - short-circuit current
pickup setting
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection
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Overcurrent protection —
selective tripping

22kV |k3"= 3 kA
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V2: 185 AlFe Rm1 = 0.156 Q/km, XM1 = 0.4 /km, IN = 486 A, 1 = 3 km

V3: 185 AlFe Rm1 = 0.156 ()/km, XM1 = 0.4 ()/km, IN =486 A,1=1 km

CT used =600 A/ 5 A; a line loading of 80 % is assumed

SE[s#SI

FEEDER PROTECTION RELAY

S L

SIaRISOE
ENABLED © (]
‘ AUX 1 ‘ AUX
TRIP © ©
[

INST OC ©

AUX 2
PHASE OC ©
GND/NEU OC ©

AUX 3
NEG SEQ OC ©
0/U FREQ ©

AUX 4
BRKR FAIL ©

aCx
PORT F




Overcurrent protection —
selective tripping

22KV |k3"= 3 kKA W1 W2

GRID 51 5151
V1 V2

Calculated parameters:
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Overcurrent protection —
selective tripping
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Overcurrent protection —
selective tripping
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I>>=6.4989 A > Ir2>>=6A > IrR1>=55A>Ir>

ti>=0.55s; 2>=0.75s; t2> > ti>>t>

ti>>=0.15s; t2>>=0.2 s; t2>> > t1>>>t>>




Overcurrent protection —
selective tripping

22KV [k3"= 3 kA Wi 2 1 W2
GRID 51 51—51 51— (A
VA1 V2 V3 @ @ @

Iri>=4.3 A; Ir-=3.8A; ENABLED [ c
Ir2>=4.8 A; t-=0.35s TRIP
ti>=0.55s Ir>>=35 A; INST oC °
Calculated parameters: t2>=0.75 s t>=0.1s PrasE oc ¢
Iri>>=55A; GND/NEU 0OC
End of line V1 Irz>>=6 A; s )
028
Ir2>=48A < Ir-=53 A T Res
I>>=7.8129 A > Ir3>>=65A > Ir2>=6A
t3>=0.95s; t3> > t2>

t3>>=0.25 s; t3>> > t2>>




Overcurrent protection —
selective tripping

o) SEL-751
LABORATORIES

FEEDER PROTECTION RELAY

Home ‘ 02/02/2017 ‘ 15:08:54

;

Bay Monitor Reports
Screens

22KV |k3"= 3 kA w1 w2 LN .

Access Settins

Level

2 1 Tap a folder or an application. ‘ ‘ R | AcC

51 51 51 51— °
GRID G0 [@: |
V1 V2 V3 @ ENABLED (] © ENABLED
il AUX 2 LOCK
k-=53A5  [=43A;  I=38A; S S
t3>= 0’95 S IR2>= 4,8 A t> = 0.35 S PHASE OC . EOIT(C)LEEE
IR3>> = 6.5 A; IR>> — 5 A; GND/NEU OC [ ) ©  BREAKER CLOSED|

ti>=0.55s NEG SEQ OC

= © ©
t>>=0.25s t2>=0.75s t>=0.1s sk ‘° AUX 4 . TRIP

Iri>>=5.5A;
Ir2>>=6A;

ti>>=0.15s a@ 0

t2>>=0.2s

Protection of the parts downstream of line V3 is provided by fuses
only.




Overcurrent protection —
selective tripping

LABORATORIES

FEEDER PROTECTION RELAY

22kV 1k3"= 3 kKA W1 W2 W3 22KV 1k3"= 3 kA
GRID TARGET @ <+
reset | | ESC C ENT
ENABLED © (]
[

GRID (50} I_b

V1: 240 AlFe Rm1 = 0.121 O/km, X1 = 0.392 /km, IN=579 A, 1= 5 km
V2: 185 AlFe Rm1 = 0.156 O/km, Xm1 = 0.4 /km, IN = 486 A, 1= 3 km S
V3: 185 AlFe Rm1 = 0.156 /km, XM1 = 0.4 /km, IN = 486 A, 1 = 1 km .

V4: 240 AlFe Rm1 = 0.121 O/km, XM1 = 0.392 (V/km, IN =579 A,1=5 km

aCx

CT used =600 A/ 5 A; a line loading of 80 % is assumed
Substation W2 is a switching station only

Substations W1 and W3 contain a feeder to consumers




Overcurrent protection —
selective tripping

22kV k3"= 3 kA W1 W2 W3 22kV 1k3"= 3 kA

GRID [50] I_b
% |—¢>

Calculated parameters:

GRID

Busbar W1

7Zk1 W1 right =1.6503 + 7.77271 Q; 1k2 W1 right =1.3843 kA
ZKk1 W1 left =1.0263 + 6.1727i Q; Ik2 W1 left =1.7579 kA
Busbar W2

Zk1 W2 right =1.1823 + 6.5727i Q; Ik2 W2 right =1.6471 kA
ZK1 W2 left =1.4943 + 7.3727i Q; 1k2 W2 left =1.4623 kA

SEL-751

FEEDER PROTECTION RELAY

‘ 02/02/2017 ‘ 15:08:54

@@ AUX1 ‘ AUX

ENABLED
* TRIP

INST OC
PHASE OC
GND/NEU OC
NEG SEQ OC
0/U FREQ
BRKR FAIL




Overcurrent protection —
selective tripping

ENGINEERING S E L'? 51
LA " FEEDER PROTECTION RELAY
22kV 1k3"= 3 kA W1 w2 W3 22kV 1k3"= 3 KA e
[=nl |_b
GRID 59 GRID Q) (a) o
RESET ENT
" S

ENABLED © e
Calculated parameters: 5

INST OC © ()
Busbar W3 e

Zk1_W3 _right = 1.0263 + 6.1727i Q; Ik2_ W3 _right = 1.7579 kA s

0/U FREQ ©
AUX 4
BRKR FAIL ©

Zk1_W3_left = 1.6503 + 7.7727i Q; Ik2_ W3_left = 1.3843 kA




Overcurrent protection —
selective tripping

o) SEL-751
LABORATORIES

FEEDER PROTECTION RELAY

‘ 02/02/2017 ‘ 15:08:54

@

Monitor Reports

22kV 1k3"= 3 kA W1 W2

Control Device Info Access Settis
Level

Tap a folder or an application. ‘ ‘ R | AcC
GRID 50—t—167—150—1
D g0e. (@
V1 V2 @ ENABLED Y ©
<

22kV 1k3"= 3 kA W3

(4]
PHASE OC ‘ AUX3
D GND/NEU OC ©

NEG SEQ OC

oiuieRe ¢ AUX 4
GRID 50——67—50—¢

ol
V4 —> V3 L




Overcurrent protection —
selective tripping

SE[s#SI

FEEDER PROTECTION RELAY

22kV 1k3"= 3 kA W|1‘> 22KV 1k3"= 3 kA Y
GRID —q GRID On e
RESET ESC ENT
v @
e
Calculated parameters: Calculated parameters: - z =
W2_left W2_right

GND/NEU OC ©
@

[=3.7516A < Te-=4 A5 L=37516 A < I-=4 A;

0/U FREQ ©
AUX 4
BRKR FAIL ©

I>=8.1236A 2 Ir>=6A > Ir-=4A I>=9.1508 A > In>=6A > I-=4 A
=035 =035

t>=0.1s t>=0.1s




Overcurrent protection —
selective tripping

FEEDER PROTECTION RELAY

‘ 02/02/2017 ‘ 15:08:54

22kV k3"= 3 kA W1 W2 W3 22kV 1k3"= 3 kA

GRID GRID

Calculated parameters: @ @
W1_right T °
I»>=7.6908A > Ir->=7A > IR w>=6A

6= 0.15 5 i

W3 left

I>>=7.6908 A > Ir>=7A > IR W2>=06A

t>=0.15s




Overcurrent protection —
selective tripping

SE[s#SI

FEEDER PROTECTION RELAY

GRID O
reser | | ESC C ENT

ENABLED © (]

[

GRID

Calculated parameters: Calculated parameters: . &
. AUX 2
PHASE OC ©
GND/NEU OC ©
@

I>=4.4695 A < Ir>= SA; I>=4.4695 A < In>= SA; NEG SEQ OC

0/U FREQ ©
AUX 4
BRKR FAIL ©

Wl_left W3_right

I>=9.7661 A > Ix>=8 A > Ix-=6 A I>=9.7661 A > Ie>=8A > I-=6 A
&=0.55s t-=0.55s

t>=0.2s t>=0.2s




Overcurrent protection —
selective tripping

o) SEL-751
LABORATORIES

FEEDER PROTECTION RELAY

Home ‘ 02/02/2017 ‘ 15:08:54

;

Bay - Monitor Reports

22kV Ik3|l= 3 kA W1 W2 W3 22kV |k3"= 3 kA Screens
1 ale] o
S
Control Device Info Access Settings
GRID GRID Level

Tap a folder or an application. ‘ ‘ R | AcC

rita © ®
RESET AUX 1 AUX
Ir-=5A; Iri>=4 A; Iri>=4 A; Ir-=5A; . © ¢
t-=0.55s ti>=0.35s t>=0.35s t-=0.55s - .0 e ) =
IR>>= 8 A; IR1>>= 6 A; IR1>>= 6 A; IR>>= 8A; - [ © DisABLED
t>=02s Ir>=TA;  Ire>=T7A; t>=02s prse oc ‘° AUX 3 ® CLOSE
GND/NEU OC [ ) @  BREAKER CLOSED

t>>=0.1s ti>=0.1s NEG SEQ OC

(4] e
t>=0.15s  t2>=0.155 D ‘ AUX 4 TRIP
BRKR FAIL (] © BREAKER OPEN

ok




Theory of electrical protection
— differential protection

SCHWEITZER
ENGINEERING

SEL-787

LABORATORIES TRANSFORMER PROTECTION RELAY

‘ 23/03/2018 ‘ 13:07:32

Monitor

Control Device Info Access
Level

Tap a folder or an application.

© SELECTED
BRKR1
© CLOSED/OPEN
@ ENABLED SELECTED BREAKER CLOSING
% TRIP BRKR2 CLOSE
© CLOSED/OPEN

DIFFERENTIAL

© SELECTED BREAKER OPENING
DEres BRKR3 TRIP
TOC CLOSED/OPEN

0/U VOLT

©
) ©/UFREQ AUX 2 AUX 1
V/Hz © ©

Reports

Settings

|x| L | Acc

ENABLED

LOCK

DISABLED




Theory of electrical protection
— differential protection

Comparison-based protection — operates on the principle of
comparing measured physical quantities at the input and at the output of
the protected section or object. As the name of this group of relays
implies, two measured quantities from two locations are compared; these
are usually measured at the beginning and at the end of the protected
section or object.

In order for comparison protection, otherwise called differential
protection, to be able to compare these quantities between input and
output, the two ends must be linked by a pilot connection. This type of
connection is a typical feature of such relays. If the protected section or
object inside this zone is healthy, the values of the compared quantities
are equal. When the compared values differ, the relay evaluates whether
the fault lies inside the protected zone, and for an internal fault it issues a
trip command. Comparison protection monitors only its own protected
object or section, does not need to be time-coordinated with other relays and
belongs to the basic fast protection.

s

LABORATORIES ~ TRANSFORMER PROTECTION RELAY

TARGET @ <’
@ »

ENABLED
TRIP
DIFFERENTIAL
INST OC

TOC




Differential protection is intended to protect electrical machines
sensitively and selectively. Most often these are transformers, generators
or large motors. Differential protection is now also commonly used for
. ENGINEERING SEL-700G
lines. ~GENERATOR PROTECTION RELAY

Home ‘ 03/23/2018 ‘ 03:56:05

Differential protection is used quite frequently to protect alternators,

namely as stator protection. Differential relays are connected before and cs U L= .
after the winding. For this reason the generator must have the neutral
point of the stator winding brought out. x|

Level

Tap a folder or an application. ‘ ‘LR | Acc

The calculation of the operating characteristics is based on the . .
measurement errors caused by the individual deviations of the devices @ ., AUXZ . e

used. Information on all devices used is therefore required, i.e. complete 8L '° S
© C

information on the operation and the parameters of all instruments used.
® ©  GENBRKRCLOSED
13 . AUX 4 CLOSE
0/U FREQ () ©  BLOCK CLOSE

The same principles apply to every instrument current transformer as .
to an ordinary transformer; in the linear range the deviations are s - =

minimal, depending on the CT type. The error increases significantly ol ]
mainly in the saturation range, where the measurement inaccuracies are

large. Compensation of such errors is calculated as the sum of all error
factors.




Calculation of total fault current:

Ii2 = CT g + excitation current + TRyqyy + @)
safety reserve + relay errors T

Iz =2+5%+1%+5%+5%+5%=26%

Calculation of first slope setting:

S[ERS08
SLP = CTfquu; + excitation current + TRyqye + @

5
safety reserve + relay errors ) M@ x>
®

TRIP

®
DIFFERENTIAL '0 AUX 3 ‘0 AUX 1
SLP1=2+*7%+1%+5%+5%+5%=30% . )
0/U FREQ © ©  GENBRKRCLOSED
R O
V/Hz [ [
FIELD LOSS e @ GENBRKROPEN
. AUX 5 TRIP
64G/64F [ [

Calculation of second slope setting:

~ _
L o

To ensure safety at high fault currents outside the protected zone, CT
saturation may occur. For this reason, it is recommended to set the slope to
double the first one.




A
4
Tripping
3 3 /' Al;4:q1 = Total secondary current error
region ;
2 . ’
) Al - = CT false current
1 ___.zi---= Al 45 = CT current mismatch
-=ffE;;:::-‘::-_::::::::- --- pemm=zIllis - --- Al'yr = Transformer magnetizing current

0 1 2 3 ool
Fig. 4 Operating characteristic of the differential protection

Remaining missing points are calculated according to the relationship:

SLPx = Jai~ldi-1 (7)

Ipi—Ipi—1

Compensation factor CT TAP is calculated according to the relationship:

5x1000 105MVA 5
TAP = =

 \BxUp_; *PT = B1kV 600 4.593 (8)

Verification of correct CT dimensioning is calculated according to the
relationship:

TAP ®)
TP, <7.5

Lmeres A S T
LABORATORIES

TRANSFORMER PROTECTION RELAY

‘ 23/03/2018 ‘ 13:07:32

Monitor Reports

Device Info Access Settings
Level

Tap a folder or an application. ‘ ‘ L ‘ ACC

TARGET © SELECTED © ENABLED
RESET BRKR1 LOCK
© CLOSED/OPEN © DisABLED

ENABLED

® © SELECTED ©  BREAKER CLOSING
- ‘ BRKR2 CLOSE
© CLOSED/OPEN e

DIFFERENTIAL

© SELECTED ©  BREAKER OPENING
st oc . BRKR3 TRIP
TOC © CLOSED/OPEN (]

0/U VOLT

(] (]
' o rreq . AUX 2 ‘ AUX 1
V/Hz (] (%

0




Differential protection

ENGINEERING SEL-787

LABORATORIES  TRANSFORMER PROTECTION RELAY

n Front-panel LEDs alert the operator E The 2*16-character LCD display provides
to faults and to basic operations navigation, relay control, data and diagnostics
through default messages or up to 32 customizable

display messages

B Pushbuttons  for controlling the
differential relay

@ ENABLED © SELECTED © ENABLED

BRKR1 LOCK

TRIP © CLOSED/OPEN © DisaBLED

DIFFERENTIAL ©  SELECTED ©  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
SHIESS8/E ) ToC ©  SELECTED ©  BREAKER OPENING
CURRENT DIFFERENTIAL AND BRKR3 TRIP
VOLTAGE PROTECTION RELAY L 0/U VOLT © CLOSED/OPEN ¢
0/U FREQ (] ©
AUX 2 . AUX 1
V/Hz [ ()

SCHWEITZER ENGINEERING LABOR



Differential p

n The card slots accommodate
positions for inputs/outputs

E A wide range of communication
protocols and media  provides
flexibility in communication with
other devices and control systems

rotection

E Label indicating the permitted supply voltage of the

differential relay

n Slots for the voltage and current input card

ENGINEERING SEL-700G
LABORATORIES GENERATOR PROTECTION RELAY

|03/23/2018 | 03:56:05

M Reports

[X]
Device Info Access Settings

Level

Tap a folder or an application. ‘ ‘LR ‘ ACC

(] © ENABLED
@ AUX 2 . LOCK
@ ENABLED )
PRTRIC AUX 3 B AUX1

ENGERERTIAC (] ©  GENBRKRCLOSED
eroc ‘ AUX 4 CLOSE
0/U FREQ © © BLOCK CLOSE

V/Hz

FIELD L © ©  GENBRKROPEN
R AUX 5 TRIP
64G/64F () Py



Theory of electrical protection
— differential protection gmm __seLoos

GENERATOR PROTECTION RELAY

Factors affecting CT saturation:

Remanent magnetism in the CT core @ @ @

Mismatch of the CT characteristics EnasLED
AUX 2
[

TRIP

(]
. o B DIFFERENTIAL '0 AUX 3 ‘0 AUX 1
Overloading of the CT circuit il . N

0/U FREQ ©  GENBRKRCLOSED
AUX 4
The breakpoint is determined for a restraint current I, in the range 1.5 o °
FIELD LOSS [ © GENBRKR OPEN
to 2.5, to ensure stability and sensitivity of the protected section. . .. AUX 5 ¢ IRIP

It defines the end of the first slope and the beginning of the second o W) .
slope of the operating characteristic.

The upper limit of the differential current 1,,,, is chosen in the range 8
to 10.




Differential protection
C‘hdl"dCt@l"iSﬁC I, — Secondary side current of CT

*TAP|+|_)*TAP Home
s, (10)

Iy = |—>*TAP-|——>*TAP| (9) I, = |Ils*

15*

2 :
Id A Screens
[pu] ‘:63-‘.{-,31

Control

a4

1)

Idmax

TARGET!|
RESET

@ ENABLED
Y TRIP

Operating R —
region Py

% 0/uvoLT

La3 ; a_J
laz —9 SLP,

0 Tv2 Iv3 T4 Iv
[pu]

Tap a folder or an application.

SEL-787

TRANSFORMER PROTECTION RELAY

‘ 23/03/2018 ‘ 13:07:32

Monitor Reports

BE
D-

Device Info Access Settings

Level

|x| L | Acc

© SELECTED © ENABLED

BRKR1 LOCK

© CLOSED/OPEN © DIsABLED

© SELECTED @ BREAKER CLOSING
‘ BRKR2 CLOSE
© CLOSED/OPEN e
© SELECTED ©  BREAKER OPENING
. BRKR3 TRIP
© CLOSED/OPEN [ ]
© ©
SLP2 e . AUX 2 ‘ AUX 1
% V/Hz © ©




Differential protection
characteristic

Id 4

[pu]
laa=3 o
Imnax

SLP2=0.6
la3 =2 SEPT=0.3 %
Ta2=0.26 —©
0 Ir2=2 Iv3=15 Iba=2

Ib
[pu]

s

LABORATORIES ~ TRANSFORMER PROTECTION RELAY

TARGET @ 4+

ENABLED © SELECTED @ ENABLED

BRKR1 LOCK

TRIP © CLOSED/OPEN © DisABLED

DIFFERENTIAL © SELECTED @  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
TOC ©  SELECTED ©  BREAKER OPENING
. BRKR3 TRIP
0/U VOLT © CLOSED/OPEN [
O/U FREQ [ ] [
@ (@ -
V/Hz © ()




Differential protection
characteristic

I43-0
1.5-0

0.3 =

la
[pu]
a4 =3 o
Idmax
SLP2=0.6
ldz =0.45 SEPT=03 y
ld2=0.26
0 Ib2=2 Ib3=15 Iba=2 I

[pu]

SCHWEITZER
ENGINEERING
LABORATORIES

SEL-700G

GENERATOR PROTECTION RELAY

Home ‘ 03/23/2018 ‘ 03:56:05

Meter Monitor

o]x]

Control Device Info Access

Level

Tap a folder or an application.

(]
0. -

@ ENABLED

(] [
» TR ‘ AUX 3 ‘ AUX 1
(] [

*  DIFFERENTIAL

©
% INSTOC . AUX 4
0/U FREQ ©

Y V/Hz

FIELD L © ©  GENBRKROPEN
R AUX 5 TRIP
64G/64F () Py

~ —
L [ ]

Reports

0]
-

Settings

| %[R | ACC

© ENABLED

LOCK

© DIsABLED

©  GENBRKRCLOSED

CLOSE

BLOCK CLOSE




Differential protection
characteristic

la
[pu]

lda=3s

Idmax

ldz =0.45
ld2=0.26

0.3=

_0.45-0.26

1.5-1Ij,

= I,, = (0.45-0.19)/0.3 = 0.867

SLP2=0.6

Ib2=0.867

Ibz=15

Iba=2> Ib
[pu]

SEL-700G

GENERATOR PROTECTION RELAY

TARGET @ <+
@ (w) @
ENABLED ®

AUX 2
TRIP [

[

DIFFERENTIAL © ©

AUX 3 AUX 1
INST OC © ©
0/U FREQ (] (]

AUX 4
V/Hz [
-
64G/64F [

:@ S
PORTF




Differential protection
characteristic e

TRANSFORMER PROTECTION RELAY

‘ 23/03/2018 ‘ 13:07:32

8-0.45
0.6 =—— = I, = (7.55+0.9)/0.6 = 14.08
Ipsa—1.5 = ‘
Monitor Reports
la 4 ,
BE  BE
2 | 2 &
Access Settings
Level
Tap a folder or an application. ‘ ‘ L ‘ ACC
Id4 = 8 ,) © SELECTED © ENABLED
Lamas G0N0~ [@.

@ ENABLED @ SELECTED © BREAKER CLOSING
- ‘ BRKR2 CLOSE
© CLOSED/OPEN e
SLP — O 6 PIAZAIL R ©  SELECTED ©  BREAKER OPENING
2=0. mstoc . BRKR3 TRIP
TOC @ CLOSED/OPEN ©
0/U VOLT

(] (]
 owrreo . AUX 2 ‘ AUX 1
V/Hz (] (%

I = V. 0 .\{@ ;
GBS T SIp =03
ld2=0.26 >

0 Ib2=0867 Ib3=15 Ib4=14.08 Iv
[pu]




Generator differential
p F Ot eCt iOn [SEL) s, — e 000

TARGET C ‘_j

@ © @
ENABLED (] © ENABLED

| AUX 2 LOCK
TRIP [ © DisABLED

DIFFERENTIAL (] (]
AUX 3 AUX 1
INST OC © [
- 0/U FREQ © ©  GENBRKRCLOSED
= AUX 4 CLOSE
V/Hz [ © BLOCK CLOSE

FIELD LOSS [ ) @ GENBRKROPEN
. AUX 5 TRIP
64G/64F © [
w W 4 @ .
700GT

IAW2 IAW1

80Z
107




Generator differential

protection

Phasor representation of the generator currents

crenr¥  Cgrinst

SEL-700G

GENERATOR PROTECTION RELAY

SCHWEITZER
ENGINEERING
LABORATORIES
Home ‘ 03/23/2018 ‘ 03:56:05
Reports
Control Device Info Access Settings

Level

Tap a folder or an application. ‘ ‘LR | acc

(] © ENABLED
ReseT AUX 2 LOCK
(] © DIsABLED
@ ENABLED ) ©
PATRIE AUX 3 AUX1
(] ©
i DY EERERTAL (] ©  GENBRKRCLOSED
- msroc . AUX 4 CLOSE
0/U FREQ © © BLOCK CLOSE
B Ve © ©  GENBRKROPEN
FIELD LOSS AUX 5 TRIP
64G/64F e P

~ —
L [ ]




Generator differential
protection

GENERATOR PROTECTION RELAY

QuickCMC test

ceid

s o
TARGET <+
@ (™) @

corid

Instability test Stability test




ransformer differential
VO t ecC thn - 1 {1

‘ 23/03/2018 ‘ 13:07:32

TR
&z P QAN V4

Control nfo Access Settings
—

Level

Tap a folder or an application. ‘ ‘ L ‘ ACC

© SELECTED © ENABLED
BRKR1 LOCK
© CLOSED/OPEN © DisABLED
@ ENABLED © SELECTED © BREAKER CLOSING
» TRIP BRKR2 CLOSE
© CLOSED/OPEN e

DIFFERENTIAL

© SELECTED ©  BREAKER OPENING
- REN BRKR3 TRIP
TOC © CLOSED/OPEN (]

0/U VOLT

SEL |55 AUX
(AAN 297 (AAN e

IAW2 IAW1

80Z

107z
c0z
10z




Transformer differential
protection

LABORATORIES ~ TRANSFORMER PROTECTION RELAY

Phasor representation of the transformer currents

™ HISHE

ENABLED © SELECTED © ENABLED

BRKR1 LOCK

TRIP © CLOSED/OPEN © DisABLED

DIFFERENTIAL © SELECTED @  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
TOC ©  SELECTED ©  BREAKER OPENING
. BRKR3 TRIP
0/U VOLT © CLOSED/OPEN [
O/U FREQ [ ] [
@ :[@:
V/Hz © ()

Vector group (clock number) of the Dynll transformer




Transformer differential
protection

QuickCMC test

Z
Instability test Stability test

The vector angle depends on how the test set is connected to the relay
and on the test set itself.

L — S | ST
LABORATORIES TRANSFORMER PROTECTION RELAY

‘ 23/03/2018 ‘ 13:07:32

Monitor Reports

Access Settings
Level

Tap a folder or an application. ‘ ‘ L ‘ ACC

TARGET © SELECTED © ENABLED
Lh BRKR1 LOCK
© CLOSED/OPEN © DIsABLED
@ ENABLED © SELECTED © BREAKER CLOSING
- e ‘ BRKR2 CLOSE
© CLOSED/OPEN e
DIFFERENTIAL

© SELECTED ©  BREAKER OPENING
st oc . BRKR3 TRIP
TOC © CLOSED/OPEN (]

0/U VOLT

(] (]
' o rreq . AUX 2 ‘ AUX 1
V/Hz (] (%

0




Generator differential
protection

Large 2*16-character LCD display

Default messages or up to 32 customizable
display labels inform personnel about
power system events or about the relay
status

Programmable three-colour front-panel
LEDs

Programmable pushbuttons and labels

User-configurable label kit

Two programmable three-colour LEDs per
pushbutton

SEL-700G

GENERATOR PROTECTION RELAY

2

TARGET Q

ENABLED L © cenasLe
AUX 2 LOCK

TRIP ® © oisaBLED

DIFFERENTIAL ® e
’ AUX 3 ‘ AUX 1
INST OC ® ®
4
0/U FREQ e ©  GenBRKRCLOSED
. AUX 4 ‘ CLOSE
V/Hz ® © sBLockcLosE
FIELD LOSS e © GENBRKROPEN
‘ AUX 5 TRIP
64G/64F ° ®
5 6

SEL-700G

SCHWEITZER
ENGINEERING et e o A e e SR
LABORATORIES GENERATOR PROTECTION RELAY

~
L

TARGET C <+
@ © @
ENABLED (] © ENABLED
AUX 2 LOCK
TRIP [ © DisABLED

DIFFERENTIAL © ©
AUX 3 AUX 1
INST OC [ [
0/U FREQ © ©  GENBRKRCLOSED
AUX 4 CLOSE
V/Hz [ © BLOCK CLOSE
FIELD LOSS (-] © GENBRKROPEN
AUX 5 TRIP
64G/64F [ ®




Generator differential

protection

Power supply options 110 - 250 V DC/110
-240 VACor24-48VDC

The built-in web server allows direct
transfer of metering and monitoring data
without the need for external PC software

A wide range of communication protocols
and media provides flexibility in
communication with other devices and
control systems

Optical serial port

MIRRORED BITS communication
provides fast and reliable communication
between relays

Slot for optional expansion cards

Optional resistance temperature detector
(RTD) inputs

The current transformer and phase voltage
transformer inputs are located on a single

card, which allows more inputs/outputs in
the other slots

ENGINEERING SEL-700G
LABORATORIES GENERATOR PROTECTION RELAY

Home 03/23/2018 ‘ 03:56:05

Meter Monitor Reports

M o G G
. (0]x] o

Control Device Info Access Setts
Level

Tap a folder or an application. ‘ ‘LR | Acc

(] © ENABLED
Reser AUX 2 LOCK
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Transformer differential
protection

Large 2*16-character LCD display

Default messages or up to 32 customizable
display labels inform personnel about
power system events or about the relay
status

Programmable three-colour front-panel
LEDs

Programmable pushbuttons and labels

User-configurable label kit

Two programmable three-colour LEDs per
pushbutton
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Transformer differential
protection

Power supply options 110 - 250 V DC/110 e e 0 0 o .&. e e 0 0 o
- - ® ®© 6 & & o o o o o o
240 VACor24-48 VDC Silptionaile " oo atattiais ﬂ
\g/ p L ’ ® 6 6 o o o o o o e

2 digital inputs and 3 digital outputs

A wide range of communication protocols
and media provides flexibility in
communication with other devices and
control systems

The built-in web server allows direct
transfer of metering and monitoring data

EIA-232 serial port and EIA-232 optical
serial port with IRIG-B input

Slot for optional expansion cards

Slots for the current and voltage options
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Theory of electrical protection
— frequency protection

To protect an important global parameter such as frequency, a frequency

relay (81) must be used to respond to frequency deviations.

Underfrequency protection (8§1U)

Setting range: 45 — 50 Hz

Overfrequency protection (810):

Setting range: 50 — 55 Hz

Frequency protection setting (81)

A
t[s]
Operating Operating
region region
P z P d P z
hy
f< f> f |Hz]

Fig. 5 Operating characteristic of the
frequency protection

Underfrequency (81U0): f<=48 Hz; t>=0.1 s Pd - permissible region

Overfrequency (810): f>=52 Hz; t-=0.1s

Pz - prohibited region
ho - operating boundary
t> - time delay
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Theory of electrical protection
— overvoltage/undervoltage
protection
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Protection theory —

overvoltage/undervoltage
p JO t ecC t lOﬂ T

Home |03/23/2018 | 03:56:05

Before setting up, it is always necessary to determine the actual PT ratio. The g Monitor  Reports
most common PT secondary voltage is 100V or 110V. To set multiple stages, >
we must comply with AU > 0.1*Un. Undervoltage protection is used in :
practice with overcurrent protection and mutual blocking, that is, as Conerol  Davicalnfo  Access  Settgs
overcurrent protection with undervoltage blocking (50/27).

A

Tap a folder or an application. ‘ ‘LR ‘ ACC

Overvoltage protection (27/59): t [s]

(] © ENABLED
@ . AUX 2 LOCK
Operating Operating © © oisasLeD
region region ORENSSLED ‘c e c AT
Y TRIP
e Setting range kc: (0.8 — 2) * Un ° ‘c
i PIFEERENTIAL () ©  GENBRKRCLOSED
; '”/ST"C .o AUX 4 i CLOSE
y 0/U FREQ BLOCK CLOSE
e Time delay range: (0.1 —10) s

Y V/Hz

c ©  GENBRKROPEN
P, P, | P, e o .° AUX 5 . TRIP
Seting calculation:

t. ho
. = keUn _ 11575V oy u. 0 UVl
r— pry 15000V " (11) Fig. 6 Operating characteristic of the
100V

voltage protection

Time delay t-= 0.5 s Pd - permissible region; Pz - prohibited region
ho - operating boundary; tr - time delay




Theory of electrical protection
— distance protection




Distance protection

LemeSany

Fig. 7 Schematic designation of the distance protection zones

30% Z, 85% Z, 60% Z » 35% Z5
— — — —
| v 4 - B2
| o 1 t3 | |
| L | t2 | |
| t1 At | | |
| ; i i I
| Z6émao 0 Zoéna 1 | Zéna2 | Zoma3 |
| v |
| |
Kosice Kosice Trebisov Vojany
zapad juh EVO 1

The zone designation diagram of the
distance protection shows the operation of
the individual zones: zones 1, 2 and 3 for
the forward direction and zone 0 for the
reverse direction.

Zone 1 covers protection of line no. 1 up to
85 %.

Zone 2 covers protection of line no. 2 up to
60 % and of line no. 1 up to 100 %.

Zone 3 covers protection of line no. 3 up to
35 % and of sections no. 1 and no. 2 up to
100 %.

Zone 0 covers protection of line no. 0 up to
30 %. This zone protects the reverse

direction.

The time delays of the individual zones are
graded by the constant At with a value of
0.4 s, while the time t1 is chosen in the
range 20 to 50 ms plus the breaker
operating time.




Distance protection

Tab. 2 Line type table (specific parameters per 1 km of line)

Type Rm;, Xmy Bm; Iperm Rmy Xmy Bmy Voltage

[Q/km] | [Q/km] | [mS/km] [A] [Q/km] [ [Q/km] | [mS/km] [kV]

150 AlFe 3.6] 0.201 0.403 2.810 420 0.603 1.209 8.430 110

185 AlFe 0.156 0.400 2.860 486 0.468 1.200 8.580 110

240 AlFe 0.121 0.392 2.920 579 0.363 1.176 8.760 110

450 AlFe 0.067 0.387 3.150 825 0.201 1.161 9.450 110

AAACIS2- 0.183 0.400 ? 490 0.548 1.200 ? 110

IAL3

AAAC243- 0.137 0.400 ? 585 0.412 1.200 ? 110

IAL3

QEAC299- 0.111 0.400 ? 670 0.334 1.200 ? 110

A

AAC (Al Aluminium Allo
Conductors)



https://premiercables.in/conductors/aaac-all-aluminium-alloy-conductors/
https://premiercables.in/conductors/aaac-all-aluminium-alloy-conductors/

Distance protection

Calculation of the line impedance

Ziine1 =11 * ( Rm + jXm )

Ratio from the specified current and voltage transformers
p=CT/VT=(3004/5A4)/(22000V/100V)
Calculation of the impedance for zone 1
Positive-sequence impedance component

ZLlzone1 =p * 0.85 * Ziinei

Zero-sequence impedance component

Z0z0ne1 =p * 0.85 * Ziineo

Line impedance angle = < Ziinei

Calculation procedure:

Zone I: set to 85 % of the impedance of line
no. 1.

Instrument transformer ratios: the current
transformer in the substation where the
distance relay is installed is 300 A/ 5 A and
the voltage transformer is 22000 V / 100 V.
The current transformer must withstand a
20x overload with an accuracy of = 10 %
(saturation limit).

The impedance for zone 1 is calculated for
the positive-sequence and Zero-sequence
impedance components according to the
parameters of the given line.




Distance protection

Calculation of the line impedance

Ziine2=01% (Rm + jXm )

Ratio from the specified current and voltage transformers
p=CT/VT=(300A/5A4)/(22000V/100V)
Calculation of the impedance for zone 2
Positive-sequence impedance component

ZLlzone2=p * (0.6 * Ziine2 + Ziine1 )

Zero-sequence impedance component

Z0:zone2=p * (0.6 * Ziine2 + Ziine1 )

An analogous calculation applies to the other zones.

Calculation procedure:

Zone 2: set to 60 % of the impedance of line
no. 2 and 100 % of line no. 1.

Instrument transformer ratios: the current
transformer in the substation where the
distance relay is installed is 300 A/ 5 A and
the voltage transformer is 22000V /100 V.
The current transformer must withstand a
20x overload with an accuracy of + 10 %
(saturation limit).

The impedance for zone 2 consists of the
impedance of line no. 1 and of line no. 2, for
the positive-sequence and zero-sequence
impedance components according to the
parameters of the given lines.




Forward

Non- !
region

directional
region

Reverse Non-
region directional
region

-X

Fig. 8 Directional characteristic of the distance protection in the R-
X diagram

Distance
protection

This type of characteristic is created by
combining the directional, reactance
and resistance characteristics.

Quadrilateral characteristics consist of
two straight lines. In most cases these
lines pass through the origin of the
coordinate system and form angles of
al = 115 to 125 degrees and a2 = —15 to
—25 degrees with the +R axis.

These lines divide the R-X
characteristic into four quadrants; the
forward direction is used in the first
quadrant and the reverse direction in
the third quadrant.




Distance

" X » Forward protection .
\ « “ protection
4. st.
\ X; The quadrilateral shape of the
\X2 3. st characteristic is further bounded by
2 o lines parallel to the real and imaginary
X, axes.
1. st
T &) " To ensure selectivity, the characteristics
Rs S 3 R.\RTRa\& % RL\JFR are arranged in five stages with the
possibility of different time settings.
Usually the first four characteristics are
' Xs \ set in the line direction and the fifth
Reverse \ characteristic in the busbar direction.
protection
-X

Fig. 9 Quadrilateral impedance characteristic of the distance
protection




Distance protection

v

A

Fig. 10 Quadrilateral characteristic of the distance protection

Procedure for drawing the quadrilateral

characteristic:

Line 1: the length of the segment follows
from the calculation of the sides of the
triangle with known angles (Line Angle and
a2 = 22°) and the coordinates (R,0).

Line 2: the length of the segment follows
from the calculation of the sides of the right
triangle with known angles (Line Angle and

90°) and the coordinates (0,X).

Line 3: the length of the segment follows
from the calculation for Line 2 and the
coordinates (0,X).

Line 4: the length of the segment follows
from the calculation of the sides of the right
triangle with known angles (90° and 30°)
and the coordinates (0,0).




Sample calculation of the
protection settings




Setting calculation for the
feeder overcurrent protection




Overcurrent protection R1- 2200

k3"= 3.2328 kA

Grid supply impedance

cxUy, _ 1x22kV
V3#I3sier  V3%3,2328 kA

=3.929 Q)

ZLigrid =

Xigria = 0.995 * Zisiet = 0.995 * 3.929 ) = 3.909 Q)
Rigria = 0.1 * Xisiee = 0.1 * 3.909 Q= 0.391 Q

10 VACL 0,5 FS5
10 VA CI. 5P 10

Zigrid = Risiet + 1j * Xisiet = 0.391 +j3.909 QO

Nominal branch current

22WL01
s 1000 kVA N2XSY 3 x 1 x 35 RM/16
Iy = \/5*21,,1 T 322k 26.243 4 1000 m XI=0.14Q/km
Al=1/54
Cable line impedance ? Fault place
A
. 22/0,4kV
=P — 54 - QO/k =4 | T000kvA
R dn * 1000 35 1000 =0.529 " SIEMENS 4GB6064-3CA05-0M0
APk= 9500W
Xi=0.14 Vkm

Ziiine =1% (Ri+1j *Xi) =1 * (0.529 +j0.14 ) = 0.529+0.14 Fig. 11 Worked example




Overcurrent protection R1- 2200

k3"= 3.2328 kA

Short-circuit current calculation

Zifauir = Zigriat Ziiine = (0.391+453.909) + (0.529+j0.14) = 0.92+j4.049 Q)

cxU 122 kV
Ik3r1 = — = =3.059 kA
V3%|Zi1fquie] V3+10.92+j4.049]
10 VA CI. 0,5 FS5
10VACL 5P 10
V3 V3
Dizrr == Ik3r1 == * 3.059 kA = 2.649 kA
Calculation of pickup current for overload protection 22WLO1
N2XSY 3 x 1 x 35 RM/16
1000 m XI=0.14Q/km
Al=1/54
kp<l, _ 1.1+26.243 A
I> = b~ ln = 300 4 = 0-506A
kp*pp  0.95+—— \ Fault place
Calculation of pickup current for short-circuit protection A) | 22/04K0
SILEMI:l\Iys 4GB6064—3CA05—0AAD
UK= 3

APk= 9500W

0.8x1 0.8+2.649 kA
= k2R = =23.547 A

I>> k -
*

Fig. 11 Worked example




Overcurrent protection R1- 2200

k3"= 3.2328 kA

Value of pickup current for overload protection
I. < Ig-

0.506 A < Ip-

Ip- =1A 1BVAGI 8875

Value of pickup current for short-circuit protection

I, = Ipy, > Ips 22WLO1
N2XSY 3 x 1 x 35 RM/16
1000 m X|=0.14Q/km
235474 = Igp, > 14 Al=1/54
é Fault place
IR>> == 3 5 A

22/0,4kV
— 1000kVA
Time delay is selected for overload at t> 0.25 s and for short-circuits at t>> SIEMEND 4GB6064-3CADS-0AAD

APk= 9500W

0 s, taking into account the protection of further sections only by the use of

fuses and circuit breakers. Fig. 11 Worked example




Setting calculation for the
generator overcurrent
protection




Generator overcurrent
protection

For generator overcurrent protection, with respect to the protected
equipment - in this example a generator - this relay must trip last if
further relays are located upstream of it. This principle is very important
for correct selective disconnection of the faulty section or device: since
the generator acts in the network as a supply element, its time delays for
short circuits and overloads are among the slowest (longest), so that the
stability of the power system is maintained and the worst condition, a

BLACKOUT caused by incorrectly set protection, does not occur.

BLACKOUT - this term denotes a large-scale interruption of the electricity
supply over a large area, lasting tens of hours or days, which affects a large
number of inhabitants. => Break-up of the transmission system into

separate islands => cascading propagation of faults => BLACKOUT.

r1 -11kV

> ? Fault place

TA1.1

600/5/5A
g 10 VA Cl. 0.5 FS5
G

10 VACL 5P 10

G

10415 kVA
In=547 A, 50Hz

acinnik - 0,9

600/5A
10 VACI. 5P 10

Fig. 12 Worked example




Generator overcurrent
protection

When calculating Rg, we use a proportional coefficient that converts reactance to
approximate resistance according to the size of reactance. Thus it takes into account
the resistance of the conductor used in the winding according to the size of the reactor

power and generator voltage.

Rz =0.05 * Xa" for generators with Urg > 1 kV a Sg > 100 MVA.
Rz =0.07 * Xa" for generators with Urg > 1 kV a Sg < 100 MVA.
Rz =0.15 * Xa" for generators with Urg < 1000 V.

Generator impedance
Xi=xd"*Zr¢=0.165 * 11.618 =1.917 Q)

R:=0.07 *Xa" =0.07 *1.917 = 0.134 Q)

U c 11 kV 1
Ko =+ « — = * . =0.933
Uy 1+xg"+sing,¢ 11kV 1+0.165+sin(acos(0.9))

Zig=Kg *(Re + 1j *Xa") =0.933 *(0.134 +j1.917) = 0.125 + j1.788 Q

r1 -11kV

> ? Fault place

TA1.1

600/5/5A
g 10 VA Cl. 0.5 FS5
G

10 VACL 5P 10

G

10415 kVA
In=547 A, 50Hz

acinnik - 0,9

600/5A
10 VACI. 5P 10

Fig. 12 Worked example




Generator overcurrent
protection

Short-circuit current calculation

Uy 1x11 kV

V3+|Z1,|  V3+0.125+j1.788] 3542.569 A

Ik3g =

Tizg="2 « I35 =2 « 3542.569 A =3067.956 A

In= 547A

Calculation of pickup current for overload protection

ky*I 1.1+«547 A
=t = A = 5.28 4
kp*pp  0.95+ =

I

Calculation of pickup current for short-circuit protection

0.8+1y> 0.8+3067.956 A
c*Pp 1.5*ﬁ

r1 -11kV

> ? Fault place

TA1.1

600/5/5A

10 VACL 5P 10

G

10415 kVA
In=547 A, 50Hz

acinnik - 0,9

g 10 VA Cl. 0.5 FS5
G

600/5A
10 VACI. 5P 10

Fig. 12 Worked example




Generator overcurrent
protection

Value of pickup current for overload protection

I> S IR>
5284 < Igs

Ip. =5.74A
Value of pickup current for short-circuit protection

I, = Ipy, > Ips

13.6354> Ips >5.7 A

I, =104

Time delay is selected for overload at > 5 s and for short-circuits at >> 2 s, since the
generator will be connected to the network through a transformer.
In case of measurement on the SEL AMS test set-up, it is necessary to reduce the

tripping times below 250 ms.

r1 -11kV

> ? Fault place

TA1.1

600/5/5A

10 VACL 5P 10

G

10415 kVA
In=547 A, 50Hz

acinnik - 0,9

g 10 VA Cl. 0.5 FS5
G

600/5A
10 VACI. 5P 10

Fig. 12 Worked example




Setting calculation for the
transformer overcurrent
protection




Transformer overcurrent

Z. t ; r11-22kV
pr0 eC lO” k3"= 3.2328 kA
22WL02
The current transformer has a ratio of pp = 300 A / 5 A and is NEXSY 3x 1;‘::102(1 ot
Al=1/54
connected to the primary winding of the transformer, with a rated
primary-winding current for the given section In = 209.5 A. ? Iﬁ‘:ﬁﬂ
10 VACI. 0,5FS5
10 VACI. 5P 10
The current transformer has a ratio of pp = 600 A/ S A and is T‘IT /11
10 OOOkVA
connected to the secondary winding of the transformer, with a rated % S gy OP70547SDAOSTOAGD HZT
APk= 36000W
secondary-winding current for the given section INn =419 A. TA1.2
600/5/5A
10 VACI. 5P 10
The difference is that the overcurrent setting for the primary winding is ? e
calculated with a short circuit on the secondary side of the transformer, and Fault éé‘)'(VSL% T X 300 RM/Z5
m XI=0.1Q/k
for the secondary winding of the transformer the other way round, i.e. with place A=1ish

r2 - 11kV

a short circuit on the primary side of the transformer.
k3"= 3.5425 kA

Fig. 14 Worked example




Transformer overcurrent

; r1-22kV
protection - 32520
Grid supply impedance - primary winding of TR PWLO2
N2XSY 3 x 1 x 120 RM/16
o oexUy 0 122KV 75m XI=0.12Q/km
ZPgrid = \/§*1k3grid = J3+3.2328 kA =3.929 Q) Al=1/54
Xpgria = 0.995 * Zpgria = 0.995 * 3.929 = 3.909 Q ? TALT
10 VACIL 05FS5
Regria = 0.1 * Xpgria = 0.1 * 3.909 = 0.391 Q T1 ? o
3 bbowa
Zpgria= Rpgria + 1j * Xpgria = 0.391 +j3.909 Q @ ko g O TIROTOR T
APk= 36000W
Grid supply impedance - secondary winding of TR ? 16'80,?%/‘5:92 .
1OVAC: 3518
Zsgria === =L _ 4 5930
O \Biliagria  V3+35425 kA Fault ;;‘;(VSL% x 1 x 300 RM/25
place 50 m XI=0.1Q/km
Xsgrid = 0.995 * Zsgria = 0.995 * 1.793 = 1.784 Q) Al=1/54
r2 - 11kV
RSgrid =0.1 *XSgrid =0.1*1.784=0.178 Q) k3"= 3.5425 kA

Zsgrid = Rsgria + 1j * Xsgria = 0.178 +j1.784 Q) Fig. 14 Worked example




Transformer overcurrent
protection

Nominal current of individual TR windings

Ine=209.5A4

Ins=419 A4

Cable line impedance - primary winding of TR
1

Rr=24+x1000 =1i;0 + 1000 = 0.154 Q/km

an
Xip=0.12 Vkm
ZPline=1%*(Rip+ 1j *Xip) = 0.075 * (0.154 +j0.12 ) = 0.012 + j0.009 Q)

Cable line impedance - secondary winding of TR

1
Ris=£+1000 =ﬁ) * 1000 = 0.062 Vkm

n

Xis = 0.1 Vkm

Zstine=1%*(Ris + 1j * Xis ) = 0.05 * ( 0.062 +j0.1 ) = 0.003 + j0.005 Q)

r11-22kV

k3"= 3.2328 kA

22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI1=0.12Q/km

é TA1.1

300/5/5A
10 VACIL 0,5 FS5
T1 10 VACI. 5P 10

Al=1/54

22/11kV

10 OOOkVA

SIEMENS 4GB7064—9DA05—0AGO H2T
uk= 6%

APk= 36000W

TA1.2

B00/5/5A
10 VACI. 5P 10
10VACI. 5P 10

11WLO1
Fault N2XSY 3 x 1 x 300 RM/25

50 m XI=0.1Q/km
place Al=1/54

r2 - 11kV

k3"= 3.5425 kA

Fig. 14 Worked example




Transformer overcurrent

r1-22kV
protection A
22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI=0.12Q/km
Calculation of transformer impedance AI=1/54
L BP _ 36000W _ oo ? TA1.1
r — - — U
S, 10000 kVA 1OVA Ol 05 FS5
T1 10 VACL 5P 10
R =t Uni® _ 0.0036 22 kV? _ 0.174 0 2% oo
S, 10000 kVA o SII(E:MEGP\;;S 4GB7064—9DA05—0AGO H2T
APk= 36000W
ux =/ ue? — u,2 =0.062 — 0.00362 = 0.0599 TA1.2
10 VACI. 5P 10
10VACI. 5P 10
Uy * Up1® _ 0.0599% 22 kV? ?
Xy == ) = 10000 kVA =2.899Q 11WL01
n Fault N2XSY 3 x 1 x 300 RM/25
50 m XI=0.1Q/km
place Al=1/54
095 xc 0.95 x1
K = = =0.917 -
1406 + th 1406 - 2.8992 r2 - 11kV
Un1 22 kv k3"= 3.5425 kA
S_n 10000 kVA

Zit1 =K *(Re+1j *Xe ) =0.917 * (0.174 +j2.899 ) = 0.16 + j2.658 Q) Fig. 14 Worked example




Transformer overcurrent
protection oy

k3"= 3.2328 kA

Short-circuit current calculation - primary winding of TR

22WL02
) N2XSY 3 x 1 x 120 RM/16
Un1 Un1 e
Zip= ZSgrid * | — + ZSline * | —— + Z1T1 75m XI=0.12Q/km
( Un2 ) ( Un2 ) Al=1/54
(0.178 +j1.784) (22 uid )2 (0.003 +0.005) ( 221V )2 (0.16 +j2.658) = 0.884 + j9.814 Q
= * | =— ¢ [ —— =
) +j1. 1wy, (O + jO. iy, T(0-16+)2. ) +j9. TA1.1
300/5/5A
10 VACI 0.5 FS5
Uy 1422 kV _ 10 VA CI. 5P 10
Tisp = V3 |Z1p| ~ V3%|0.884 +j1.784| 1.289 kA T1
22/11kV
V3 10 OOOkVA
Iop= 2« Iigp = g «1.2890 kA = 1.116 kA SIEENS  4GB7064-9DA0S—0AGO H2T
APk= 36000W
Short-circuit current calculation - secondary winding of TR T A1 2
Unp 2 Unz 2 Unz 2 ?(.p\//sAlscAl. 5P 10
Z1S=Zpgriq * (U_m ) + Zpjine * (U_m ) +Zyrq * (U_m ) 10VACI. 5P 10
3 . 11 kV \? . 11 kV \? ] 11 kV \? 11WLO01
m =
=0.141+j1.644Q place i::?}; gzlkm
_cxUn 111 kV _ r2 - 11kV
i35 = 757 1Z15] ~ V310141 + j1.644| 3.849 kA

k3"= 3.5425 kA
Ti2s = %3 # Iigs = 2+ 3.849 kA = 3.333 kA

Fig. 14 Worked example




Transformer overcurrent
protection

Calculation of pickup current for overload protection - primary winding

_ky*Iyp  11%20954
- - 3004 4.04314

I>p P

Calculation of pickup current for overload protection - secondary winding

kp =1 1.1+419 4
=-—b_N5 — oo — 4043 A
kp*pp 095+ =

I>s

Calculation of pickup current for short-circuit protection - primary winding

0.8+ 1 0.8+3.333 kA
I>>p= K25 — s00a— —29.627 A

Calculation of pickup current for short-circuit protection - secondary winding

0.8+1 0.8 +1.116 kA
I>>s= k2P — sooa_ —4.96 A
ke *pp 15 +——

r11-22kV

k3"= 3.2328 kA

22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI1=0.12Q/km

é TA1.1

300/5/5A
10 VACIL 0,5 FS5
T1 10 VACI. 5P 10

Al=1/54

uk= 6%
APk= 36000W

TA1.2

B00/5/5A
10 VACI. 5P 10
10VACI. 5P 10

11WLO1
Fault N2XSY 3 x 1 x 300 RM/25

50 m XI=0.1Q/km
place Al=1/54

22/11kV
10 OOOkVA
SIEMENS 4GB7064—9DA05—-0AGO H2T

r2 - 11kV

k3"= 3.5425 kA

Fig. 14 Worked example




Transformer overcurrent
protection

Value of pickup current for overload protection - primary TR
I> S IR>
4.043 A < Ip-

I =4.54

Value of pickup current for short-circuit protection - primary TR

I, = Ipy, > Ips

29.6274> Igy >4.54

I R> — 7 A
Time delay is selected for overload at t> 0.7 s and for short-circuits at >>

0.3 s, taking into account the protection of further sections using digital
protection devices.

r11-22kV

k3"= 3.2328 kA

22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI1=0.12Q/km

Al=1/54
? TA1.1

300/5/5A
10 VACIL 0,5 FS5
T1 10 VACI. 5P 10

22/11kV
10 OOOkVA
SIEMENS 4GB7064—9DA05—0AGO H2T
uk= 6%

APk= 36000W

TA1.2

B00/5/5A
10 VACI. 5P 10
10VACI. 5P 10

11WLO1
Fault

N2XSY 3 x 1 x 300 RM/25
place 50m XI=0.1Q/km

Al=1/54

r2 - 11kV

k3"= 3.5425 kA

Fig. 14 Worked example




Transformer overcurrent
protection

r1-22kV
Value of pickup current for overload protection - secondary TR

k3"= 3.2328 kA

22WL02
; ; N2XSY 3 x 1 x 120 RM/16
< 75m XI=0.12Q/k
> = R> A=tiss
4.043 A < Ips ? TA1.1
300/5/5A
414 Tﬁ; BiAg oerse
k> — 22/11kV
10 OOOkVA
Value of pickup current for short-circuit protection - secondary TR @ g
APk= 36000W
I, = Igy > Ips Im'?;,;lA'z
10 VACI. 5P 10
10VACI. 5P 10
496 A= Ip, >4.1A ?
11WLO1
Fault N2XSY 3 x 1 x 300 RM/25
I, =4.84 place Som Xi=0.100m
Time delay is selected for overload at t> 0.5 s and for short-circuits at t>> r2 - 11kV
k3"= 3.5425 kA
0.15 s, taking into account the protection of further sections only by the use
of fuses and circuit breakers.

Fig. 14 Worked example




Setting calculation for the
generator differential
protection




Generator differential
protection

Calculation of total fault current for O87P:

Ii; = CT g + exication current + TRyqy i + safety reserve +
relay errors

Iy =2+5%+1%+5%+5%+5%=26%

Calculation of first slope setting:

SLPq = CT fquut + exication current + TRyqyy; +
safety reserve + relay errors

SLP1 =2+«7%+1%+5%+5%+5%=30%

Calculation of second slope setting:

SLPZ :Z*SLP1 =60%

- 11kV
TA1.1

600/5/5A

b~ 10 VA CI. 0,5 FS5
10 VA Cl. 5P 10

) ? Fault place

10415kVA /G
In=547 A, 50Hz \ ~

Gcinnik - 0,9

600/5A
10 VACI. 5P 10

Fig. 13 Worked example




Generator differential
protection

Calculation of current transformer ratio:

6004 6004
CTR, =, = 120 CTR, =4 = 120
The knee point IRS1 is determined for the stabilizing current Ib in the
range of 1.5 to 2.5. In this example, we consider 1.5. The upper limit US7P
of the differential current Idmax is selected in the range of 8 to 10. For this
example, we select 8. The second harmonic is set to 20% and the fifth

harmonic is set to 40%.

Compensation factor PT TAP is calculated according to the relationship:

$¥1000 10415kVA 54
* CT = * =4,
V3xUp_| ¢ V3+11kV 6004 555

TAP =

Pick-up test of differential protection

Idpyim = Idger, = TAP + SLP; = 4.555 0.3 = 1.367 A

r1-11kV
TA1.1

600/5/5A

b 10 VA CI. 0,5 FS5
10 VA CI. 5P 10

' é Fault place

10415kVA /G
In=547 A, 50Hz \ ~

ucinnik - 0,9

600/5A
10 VA CI. 5P 10

Fig. 13 Worked example




Setting calculation for the
transformer differential
protection




Transformer differential
protection

r1 -22kV
Calculation of total fault current for O87P:

k3"= 3.2328 kA

22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI=0.12Q/km
Ii; = CT g + exication current + TRyqy i + safety reserve + Fault Al=1/54
relay errors place TA1.1
300/5/5A
10 VAC|, 0.5 FS5
10 VACIL 5P 10
Iip =2*5%+1%+5%+5%+5%=26% ?-”
3% 00okva
Calculation of first slope setting: e e (S oot SIS RSO HET
APk= 36000W
SLPq = CT fquut + exication current + TRyqyy; + ? TA1.2
B00/5/5A
safety reserve + relay errors Fault 10VASL 35 10
place 11WLO1
— — N2XSY 3 x 1 x 300 RM/25
SLP1=2+7%+1%+5%+5%+5%=30% ‘ Sy ey ax X300 PN 2
Al=1/54
Calculation of second slope setting:
SLP, =2 +xSLP1 =60%

r2 - 11kV

k3"= 3.5425 kA

Fig. 15 Worked example




Transformer differential
protection

Calculation of current transformer ratio:

CTy =2 =60 CT, == =120

The knee point IRS1 is determined for the stabilizing current Ib in the
range of 1.5 to 2.5. For this example, we select 1.5.

The upper limit US7P of the differential current Idmax is selected in the
range of 8 to 10. For this example, we select §.

The second harmonic is set to 20% and the fifth harmonic is set to 40%.

r11-22kV

k3"= 3.2328 kA

22WL02

N2XSY 3 x 1 x 120 RM/16
75m XI=0.12Q/km
Fault Al=1/54

place TA1.1

300/5/5A
10 VA C|, 0,5 FS5
? 10 VA CI, 5P 10

22/11kV
10 000kVA
% SII(EMEsr\{yS 4GB7064—9DA05—-0AGO H2T
uk= 6%

APk= 36000W
? TA1.2

VAL 5P 10
Fault 10 VA CI. 5P 10

place 11WLO1

N2XSY 3 x 1 x 300 RM/25
50m X|=0.1Q/km
Al=1/54

r2 - 11kV

k3"= 3.5425 kA

Fig. 15 Worked example




Transformer differential
protection

r1 -22kV
k3"= 3.2328 kA
22WL02
N2XSY 3 x 1 x 120 RM/16
75m XI=0.12Q/km
Fault Al=1/54
Compensation factor PT TAP is calculated according to the relationship
$+1000
TAP =

10000 kVA 54
* —
\/:—?’*UL—L CT

place TA1.1
= azziv “300a - ¥374

300/5/5A
10 VA C|, 0,5 FS5
é 10VACIL. 5P 10
T1
22/11kV
1SCI>ESIE:)IEI)lS(VIL:‘rGB7064-—9 DAO5—-0AGO H2T
Compensation factor PT TAP is calculated according to the relationship: R,
5+1000 10000kVA = 54 ? TA1.2
rap = V3+Up- = VATV " 6004 374 Fault ?§°$§'5é?:2';:8
. . . . lace 11WLO1
Pick-up test of differential protection P N2XSY 3 x 1 x 300 RM/25
‘ 50 m XI=0.1Q/km
Idp,im = Idge, = TAP x SLPq{ =4.374+x0.3 =1.3124

Al=1/54
r2 - 11kV

k3"= 3.5425 kA

Fig. 15 Worked example




Sample wiring and testing of
the configured digital relays




Overcurrent protection
SEL-751/751A

LIS FEEDER PROTECTION RELAY

Wiring diagram for the measurement of the SEL-751A4
overcurrent protection

Sle0IS0E
ENABLED © (]

‘ AUX 1 ‘ AUX
TRIP © ©

% INST OC © © EnaBLED
AUX 2 LOCK
PHASE OC © © DisaBLED
GND/NEU OC © © BLock cLosE
AUX 3 CLOSE
NEG SEQ OC © ©  BREAKERCLOSED
0/U FREQ © (]
AUX 4 TRIP
BRKR FAIL © © BREAKEROPEN

- -
.‘@ .




vercurrent protection

l- ;L- 75] SCHWEITZER SEL-751

ENGINEERING
LABORATORIES FEEDER PROTECTION RELAY

Wiring diagram of the digital relay for Bench 1
J ®
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o
n
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Overcurrent protection

SCHWEITZER
ENGINEERING

7514

Wiring diagram of the digital relay for Bench 2

SEL
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]
o
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(S}
L
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o
o
o
o
L
=Y
]
L
L

LABORATORIES

ENABLED
LOCK
DISABLED
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BLOCK CLOSE
CLOSE
© BREAKER CLOSED
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GND/NEU OC
NEG SEQ OC
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BREAKER OPEN

[

0/U FREQ

BRKR FAIL

-
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Overcurrent protection

SEL_ 7 5 ] A S SE[s#SI

ENGINEERING
LABORATORIES FEEDER PROTECTION RELAY

Wiring diagram of the digital relay for Bench 3

' " o~ =) @
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xi|ZxFZo0Zx00 |O
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g i ENABLED
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Sy S &< S S 0000 TRIP
af = | | o — 9
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- s o INST OC EN/BLE&
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eoe e s & 8 3 o
3 3 3 3 z z z z Hle ’
@ | GND/NEU OC BLOCK CLOSE
FAr 111 oo g CLOSE
5 88 9 85 % g 9r- Nm Yo 02 NEG SEQ OC BREAKER CLOSED
o 0/U FREQ
o
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o
o
n
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w
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Generator protection
SEL-700G/700GT

monens ________SEL-700G
LABORATORIES GENERATOR PROTECTION RELAY

Wiring diagram for the measurement of the SEL-700GT
overcurrent protection

e 6 o o o .\:‘\!/. e 6 o o o
e 6 o o o o o [ ]

0 0, 0000 O 0,000 0

R A e 6 o o o o o (]

AC supply
only

PORT 1A PORT 1B X RX PORT 3

Ll L2 L3 N BiCircuit breaker

Ll

I|:§ Bl Circuit breaker

A COMPANO 100,

(3] i~
@ .
( B

TARGET C <+
@ © @
ENABLED (] © ENABLED
AUX 2 LOCK
TRIP [ © DisABLED

DIFFERENTIAL © c
AUX 3 AUX 1
INST OC © ®
0/U FREQ © ©  GENBRKRCLOSED
AUX 4 CLOSE
V/Hz [ © BLOCK CLOSE
FIELD LOSS © © GENBRKROPEN
AUX 5 TRIP
64G/64F [ ®




enerator protection
SEL B 7 OOG SEL-700G

LABORATORIES GENERATOR PROTECTION RELAY

Wiring diagram of the digital relay for Bench 1
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Wiring diagram of the digital relay for Bench 2
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Generator protection
SEL




Transformer protection SEL-
787 - overcurrent, primary

Wiring diagram for the measurement of the SEL-787
overcurrent protection

soneve  _____ SEL-787
LABORATORIES ~ TRANSFORMER PROTECTION RELAY

TARGET @ <+

ENABLED © SELECTED @ ENABLED

BRKR1 LOCK

“ TRIP © CLOSED/OPEN © DisaBLED

DIFFERENTIAL ©  SELECTED ©  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
TOC ©  SELECTED ©  BREAKER OPENING
. BRKR3 TRIP
0/U VOLT @ CLOSED/OPEN ()
0/U FREQ [ ] [
@ :[@:
V/Hz [ ()

only

PORT 1A PORT 1B ™ RX PORT 3

A COMPANO 100,

3] £
.\/




Transformer protection SEL-
787 - overcurrent, secondary

Wiring diagram for the measurement of the SEL-787
overcurrent protection

DC supply
only

PORT 1A PORT 1B ™ RX PORT 3

Ll L2 L3 N BiCircuit breaker

L
L2 BI Circuit breaker

L3
< PN COMPANO 100

(5] £

8} N

ENGINEERING SEL-787

LABORATORIES  TRANSFORMER PROTECTION RELAY

TARGET @ <+
@ < @

ENABLED © SELECTED © ENABLED

BRKR1 LOCK

“ TRIP © CLOSED/OPEN © DisaBLED

DIFFERENTIAL ©  SELECTED ©  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
TOC ©  SELECTED ©  BREAKER OPENING
‘ BRKR3 TRIP
0/U VOLT @ CLOSED/OPEN ()
0/U FREQ [ ] [
@ :[@:
V/Hz [ ()




Transformer protection SEL-
787

Wiring diagram for the measurement of the SEL-787
overcurrent protection

DC supply
only

PORT 1A PORT 1B ™ RX PORT 3

LI L2 L3 N i Ciruit breaker

Ll
12

13 BI Circuit breaker
a [compano 100

3] £
.\/

soneve  _____ SEL-787
LABORATORIES ~ TRANSFORMER PROTECTION RELAY

TARGET @ <+

ENABLED © SELECTED © ENABLED

BRKR1 LOCK

“ TRIP © CLOSED/OPEN © DisaBLED

DIFFERENTIAL ©  SELECTED ©  BREAKER CLOSING|
BRKR2 CLOSE
INST OC © CLOSED/OPEN ©
TOC ©  SELECTED ©  BREAKER OPENING
. BRKR3 TRIP
0/U VOLT @ CLOSED/OPEN ()
0/U FREQ [ ] [
@ :[@:
V/Hz [ ()




Transformer protection SEL-
787

ENGINEERING SEL-787

LABORATORIES  TRANSFORMER PROTECTION RELAY

Wiring diagram of the digital relay for Bench 3
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Transformer protection SEL-
387E

Wiring diagram of the digital relay for Bench 1

SERIAL PORT 1 IRIG-B SERIAL SERIAL
OUTTON | OUTTOZ | OUT103 | OUTIO4 | OUTI05 | OUT106 | OUTIO7 | ALARM | INTOT | INTOZ | IN103 | INTO4 | IN105 | IN106 LT Tt eiwo e RORT. 2 RORE:S
ninll Euisl Enlal Bulsl Salis B Nalal Nus] £ el Hnsall Nats| :
2000000009 ©, )
PP DR DPDDDDHDPDPD DD DD DD DDBDDD®| " rws o s
A22|A23 A24)

A1 A02|A03 A04|A05 A06[A07 A08|A09 ATO|ATT A12[A13 A14]A15 A16|A17 A18|A19 A20|A21 A25 A24|A25 A26|az7 az8] kO - - O
— _ _ . arO O 4er

0UT201 | OUT202 | OUT203 | OUT204 | OUT205 | OUT206 | OUT207 | OUT208 | OUT209 | OUT210 | OUT2011 | OUT212 WNZoT T W0z | INZo3 707 705 TNZ06 W27 T 208 )

il el sl Eaal Aaal Bael Buel Ausl S aal Baal B! cOn } con foon | oo ) con f cOn

X

[
@D ODPDDDPDDDPDDDPDODPDODDE|OPDODDDODDDODDDRD®

B01_B02[B03 B04|BOS BO6 |BO7 B08 [BOS B10[B11 B12|B13 B14[B15 B16|B17 B18|B19 B20|B21 B22[B23 B24 B25 B26|B27 B28(B29 B30|B31 B32|B33 B34|B35 B36[B37 B38|B39 B4O
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Sample wiring
and testing with the SEL-
AMS




SEL-AMS test system

Front-panel LEDs show the status of
the inputs and outputs of the test set

E Switch for turning the SEL-AMS (4000)
test set on/off

E Switch for turning the 24 V and 125 V DC
power supply on/off.
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SEL-AMS test system

n Analogue outputs for feeding the current and E Input terminal strip and earthing terminal strip
voltage inputs of the protective relay.

3 I e
 supply outputs for 24 Viand 125V Output terminal strip of the switching

contacts

E Connector for supplying the SEL-AMS (4000) B Port for communication with a PC
test set, and earthing terminal
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SEL-AMS test system

Wiring diagram of the test set for Bench 1
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SEL-AMS test system

A condition for the use of this SEL-AMS test system is compatibility with | SENSE INPUT STATUS
the relay under test. This can be checked simply by looking at board E (the

CT and VT input board), where the inputs for connecting the ribbon cable
and the contacts for the AMS interconnection must be available.

SEL—AMS
ADAPTIVE MULTIC}
AMS connection
contacts
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SEL-AMS test system

Parameters of the SEL-AMS test system SENSE INPUT STATUS

Frequency range 10 — 300 Hz

The input delay time must not exceed 255 milliseconds. SEL—-AMS
ADAPTIVE MULTICH

The voltage and current ranges must not exceed 3.535 times the default
output values for the individual protective relays.

Example for the SEL-787

/N WARNIN

. REMOVAL OF THIS PANEL EXPO|
Voltage range 0— 720 V © vl i st e

Current range 0 —374.5 A

The SEL-5401 software is required to control the test set.
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