Megger-.

APPLICATION NOTE

Testing of directional
overcurrent protection with
SVERKER 900

1. When to use Directional OverCurrent

For parallel lines and in power networks with several incoming feeding points directional
overcurrent protection is commonly used to get good selectivity.

Disconnecting of parallel lines in a radial power network can be done with two directional and two

none directional protections. (see picture)
For the directional protection to operate correctly at close fault, it has to work correctly at very low

voltage.
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Function of Directional OverCurrent
In order to determine the direction of the error, at least one main voltage is required which is

compared to one of the missing phases. If the fault is two or three phased, the protection must be
able to remember the voltage just before the fault. The setting of the protection function to detect
the error can be made single-phase, two-phase or three-phase. The setting chosen depends on
the structure of the network and the setting choices in the monitoring relay. In this application,

single-phase and two-phase detection is used, see pictures below.
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2. Instrument used at testing

To test the protective function amplitude and zone limits, the "main" instrument can be used.

For time test of two or three-phase failures, the protection must feel stable state before error and
the "Pre-fault, Fault" or "Sequence" instrument must be used.

Below are examples of 1-phase and 2-phase errors. Different characteristic angles of the error
can be selected, usually 30, 45 or 60 degrees. See pictures below.
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zone zone 135 3 /9=30°

12
line
zone

Fault tripping in line zone with angle 30 degree.
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Fault tripping in line zone with angle 60 degree.
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Connect according to drawing below.
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If start contact is not available use start diode or lower trip delay to minimum.
Use existing auxiliary voltage if available. In this example Sepam protection type S84 is used.
For other protections all values have to be adjusted to that specific test object.

Main Instrument with Hold function.

Pickup/dropout for protection with one phase fault selection, protection set to 0.7A and
characteristic set to 30 degree.

Testl: Set current to 0.65A and angel to O degree, voltage over activating level about 20V select
BI1 to changing contact dry or wet (if voltage is used) press start and blue hold symbol increase
current to trip then press blue hold symbol again and decrease current to dropout.

(V£ 320.00 V

OFF+TIME ON+TIME

Page 3(8)




Testing of directional overcurrent protection with
SVERKER 900

Megger.

Angel zone test for phase 11

Test2: Go out of zone by setting angel to over 30 degree and set current above trip level, press
hold again and go into zone by lower angel to trip (about 30 degree) press hold again and
continue to twist the knob to go out of zone (about 210 degree). Use knob to change all values.

Bilosooa  [20° [s0.000 Hz | = BosooA [087°  [50.000Hz | e
[ = = | 2 = = = |
T = = = | [T == = = |
M = — N\, /K= [— — |\,
LFY000v  [2400°  [50.000Hz | K'FMz000v 400°  [50.000Hz |

| |

LEN000v  [1200°  [50.000 Hz KENz000v  [1200°  [50.000 Hz

48 VDC 48 VDC

TRIP HOLD 3 TRIP HOLD 4

o NN el

Voltage low limit test for pick up

Test3: Lower the voltage to about 0.5V and turn the angel back to inside zone press hold and
increase voltage to trip

BilosooA oo [50.000 Hz Ua

|
| 12 | |
| 13 [ [ | 5
|

|

|

U2
KFN125v P400°  [50.000 Hz

LENi2sv [200°  [50.000 Hz

48 VDC

TRIP HOLD 5

e v N D | W

The other two combinations can be tested the same way: 12=0ON, UlandU3=0N, 13=ON
UlandU2=0ON. All changes can be made with keypad if each test is made individually.

Main Hold: Result
# 1. Pick up value 11 # 2. Drop out value 11 # 3. First zone limit at about 30 degree
# 4. Second zone limit at about 210 degree # 5. Voltage low limit for activating trip.

| 11: Al °| u2: v| us: v|
1 0.695 0.0 20.00 20.00
2 0.652 0.0 20.00 20.00
(21) 0.938

3 0.800 29.0 20.00 20.00
4 0.800 208.7 20.00 20.00

‘

4/3)

Lay]

0.800 0.0 1.25 1.25

Page 4(8)




Testing of directional overcurrent protection with

SVERKER 900

Trip area at characteristic angle, see fault tripping zones for phase I1.

| 11:°|

29.6 Angle 30°
210.2

225.2

59.5 Angle 60°
2403

#

1

2

(2

3 44.3 Angle 45°
4

4

5

6

line
zone

busbar
zone

Megger.

Pickup/dropout for protection with two phase fault selection, protection set

to 0,7A

Test 1: Set 11 current to 0.65A, 12 over trip level and voltage over activating level.

Select BI1 to changing contact dry or wet (if voltage is used) press start and blue hold symbol
increase current to trip then press blue hold symbol again and decrease current to dropout.

Biloss7a  Joo° [s0.000 Hz | s
Bflosoa  [2400°  [50000 Hz |
T = = [— | %
LMoV Jooe [50.000 Hz | U
KF200v [2400°  [50.000Hz | 12
KENe0o0v [1200°  [50000 Hz |

TRIP HOLD 1

[50.000 Hz | v
[50000 Hz |
| _____ | Iy
Y1
[50.000 Hz | U
[50.000 Hz ] 12
|

Bilossza  Jooe

Bflosooa 400

N =

K200 v  Joo-

| U2 TR

KEMzoov  [1200°  [50.000 Hz

o ovrne [ 2| B o owmie

Make the same test with |1 over trip level and 12 at 0,65A

Bilosooa  Jooe [50.000 Hz | s
Brloso7a  [400°  [50.000Hz |
T o= [— = | %
LEzoov  Jooe [50.000 Hz | ol
LEzo0v 400°  [50.000Hz | Y
KENz00v [1200°  [50.000Hz |

TRIP HOLD 3

48 VDC

TRIP HOLD 2

F

Eiloswoa  Jooe [s0.000 Hz ] s
BflosssA  [400° 50000 Hz |
M = = | %
LUNzo0v  Jooe [s0.000 Hz ] ;

uzd2
EYzo0v  [2400°  [50.000 Hz |
HENz200 v [1200°  [50.000Hz |

orr-rue ovre [ | W Worrorue ovemee

48 VDC

TRIP HOLD 4

‘2“1
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Main Hold: Result

# 1. Pick up value 11: A (12: A set to fault)
# 3. Pick up value 12: A (I11: A set to fault)

# 11: A 12: A
1 0.696 0.800
2 0.650 0.800
(21) 0.934

3 0.800 0.696
4 0.800 0.653
(4/3) 0.938

Megger.

# 2. Drop out value 11: A (12: A set to fault)
# 4. Drop out value 12: A (11: A set to fault)

Test2: Voltage low limit for pick up U1 (U2) and U3 start at 1.0V no trip, |1 and 12 in faulty level.

Eilosooa  Jooe [50.000 H2 ] s iiflosoor  Jooe [s0.000 Hz ] 0
B losooa  [2400°  [50.000 Hz | Brlosoa  [p400°  [50.000 Hz |
[T = = = | ol = = [ | 't
LiMiaev  Jooe [50.000Hz |\ 2 LiNicov  Jooe [50.000 Hz ]
EAfioov  [p400°  [50000Hz | 2 EPNi4v  [p400°  [50000Hz | 2
NENi48 v [1200°  [50.000Hz | HENi40v  [1200°  [50.000Hz |

TRIP HOLD 1 TRIP HOLD 2

s ovorne IO -2n| M oo e M 2n| M |

Test3: Angel zone test for phase |11 start at angle 30° and 12 start at angle 270°

Bilosooa  [96° [50.000 Hz ] s Bilosooa  [p103°  [50000Hz | o2
Bflosooa  [2696°  [50000 Hz | 5N BElosooA  [s94° [50.000 Hz ]
m """ | """ | """ ‘ ut m """ | """ | """ ‘ (€52
LMe00v fooe [50.000 Hz ] LMzo0v  Jooe [s0.000 Hz ] 1

u2 2
K 200v  [2400° 50000 Hz | 2 KIAlzoov 400°  [50.000Hz |
KEN200v  [1200°  [50.000 Hz | EEMzo0ov  [1200°  [50000Hz |

TRIP HOLD 1 TRIP HOLD 2

el T e

Main Hold:Result

Main Hold:Result

Two phase fault voltage pick up Pick up Drop out
PU U1=1.48V/ U2=1.00V / U3=1.48V 11:29.6° 11:210.3°
PU U1=1.00V / U2=1.49V [ U3=1.49V 12:269.6° 12:89.4°
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Result from same test as above with U1(U3) and U2, 12 and I3 in faulty level.
Angel zone test for phase 12 start at angle 90° and I3 start at angle 330°

# [ 12:°] 13:°] ut:v| u2:v| U3 V|

1 2400 120.0 1.26 1.26 1.00  #1: UtandU2 voltage Pu

2 2400 1200 126 1.00 1.26  # Ulandusvoitage PU
(21) 0.794 1.260

3 a3 3295 2.00 2.00 200 #3: 11 and 13 first zone angle

4 2764 1508 200 200 2.00  #:11andI3second zone angle
(4/3)

Test in Pre fault/Fault Instrument
Time test for one and two phase fault, protection set to 500ms

Prefault One phase fault

Bilosooa oo [50.000 Hz s Biliooa  Jooe |50.000 Hz
Bflosooa  J400° 50,000 Hz Bflos0A  [2400°  [50000 Hz
BEMos00A  [©200°  [50.000 He orll BEMos00 A [1200°  [50.000 Hz
L0Mess0v  Jooe [50.000 Hz EgMoooy  Jooe |50.000 Hz
PHezs0v [2400°  [50000 Hz Es50v [2400°  [50.000 Hz
EENess0v  [1200°  [50000 Hz EENessov [1200°  [50.000 Hz

o
IH’_N
N

woc | o

STOPPED ‘ STOPPED

Prefault: Max: ‘1000 ms | Off Delay: ‘0 ms

N >\ -

[e3s0v  Je400°  ]50.000 He
[e350v  Ji200°  ]50.000 Hz

LAless0v [p400°  [50.000 He
KENs3sov [1200°  [50.000 Hz

Two phase fault Result one phase
jifl100A  Jooe [s0.000 Hz | s Piliooa  Jooe [50.000 Hz
| 12 [N [400°  [s0.000Hz ] 5 PFloso0a  [2400°  [50.000 Hz
Bilosoa  J1200°  [50000 Hz | ) BERo.s00A  [1200°  [50.000 He
| U1 EETETR [s0.000 Hz | E0Nooov — Jooe [50.000 Hz
| |

TRIP[1] 0.507 s

Max: [1000 ms | OFF Delay: [0 ms \ STOPPED Max: Off Delay:

-G e~

Result two phase

Pijiooa  Jooe [50.000 Hz
[Ftooa  P40.0° 50000 He
[ENo.s00 A [r00°  [50.000 He
RUe3sov  Jooe [50.000 Hz
\
\

[6350v  P400° 50000 He
[6350 v [1200°  [50.000 Hz

TRIP[1] 0.503 s

Max: ‘1000 ms ‘ Off Delay: ‘0 s ‘

i > |
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Test in Sequence Instrument
Check of zone and time test, zone borders are checked with 2degree above and below limit.
The zone for phase I1and 12 at setting 30deegre.

EP 350 v [2400°  [50.000 Hz

K'EMs350 v [1200°  [50.000 Hz \mm

NP Y6350 v [2400°  [50.000 He
kY350 v  Ji200°

Pre fault Fault inside zone
iilosooa oo [50.000 Hz | Bilicoa  [m0° [50.000 Hz | 0
Bflos0A  40.0°  [50.000 Hz ] Brlic0A  [2680°  [50000Hz | s
BElosooa  i200°  [50.000 Hz | Ul BEMosooA  [1200°  [50.000Hz | oF
LElesov  Jooe [50.000 Hz } NUNszsov  Jooe [50.000 Hz } .
\

|50.000 Hz

KK KICICEECa I
------ SEQ END
[swe> SCTH

1000 ms
Lo [ eo END SEQ|

=

Fault inside zone
iil1.00 A [2120°  [50.000 Hz

Fault outside zone
ITlf100 A [320° [50.000 Hz

\ I

Bflio0A  [720°  [50.000 He | 12 TN YE [50.000 Hz
ur) EEMos0 A [1200°  [50.000 Hz
| U1 EENEE [50.000 He LMs3.50v Jooe [50.000 Hz

(Pls350v  Jp40.0°  [50.000 Hz
REls350 v [1200°  [50.000 He

HAls3.50v  [2400° 50,000 Hz

mm KEls350v  [1200° 50000 Hz
e [ w5 e [ o5
4] ez DM KIEII!I}I
SEQ END SEQ END

\
|
Bilosooa  [1200°  [50.000 Hz |
|
|
\

[stare > CTHM m [000ms ]
Bo cosal| b |
Fault outside zone Result
iEl1.00 A [2080°  [50.000 Hz | & [ 4] T 12:A] [ ut:v]  BI[Time..]
0.500 0.0 0500 2400 6350 1000
| 12 [IY) 8.0 ° [50.000 Hz | 2 1000 280 1.000 2680 6350 1 508
mO.SOO A |120.0 ° |50.000 Hz ‘ 3 1.000 320 1.000 2720 6350 1000
4 1.000 2120 1.000 920 6350 1 516
LMoocov  Jooe |50.000 Hz | 5 88.0 0.0 1000
3021
LAls350v  P400° 50000 Hz | s

LEls3s0v  [1200°  [50.000 Hz

4]«
[STATE >
(sare | I

000 ms

Condensed -
g %

busbar uia t;gzgar
zone . 6 =30°
line
Zone
I
o2
12
line
zone
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