Directional Phase
Overcurrent Protection
ANSI 67 with 7SA522 and
7S5A6

B 1. Introduction

The implementation of a directional overcurrent
stage (ANSI 67) in the distance protection relays
7SA522 and 7SA6 is possible via a simple coupling
of the distance protection directional stage (in this
case Zone 5) with one of the overcurrent stages (in
this example stage I>) in the relay.

The distance protection and the directional
overcurrent protection use the same measured
signals, phase current and phase voltage, but the
impedance measurement achieves both higher
sensitivity and higher selectivity.

This document illustrates how easily the ANSI 67
function can be implemented in the 7SA522 and
7SA6 by using the CFC logic.

B 2. General parameters for implementation of
directional overcurrent (ANSI 67)
The settings of the relay can be applied as required
by the application as usual. For the ANSI 67 func-
tion at least the functions 0112 Phase Distance,
0113 Earth Distance and 0126 Backup Overcur-
rent must be activated in the relay configuration
(Fig. 2):

Setting parameter Designation Example
of 67 Value
(secondary
1A)
Pick-up threshold Is7> pick-up 25A
Time delay Time 67 0.5s

Table 1 Parameters for directional overcurrent /g7

Setting block: Relay configuration

The distance protection must be enabled (quadri-
lateral or MHO) for phase faults: Parameter 0112.
Backup overcurrent must be enabled (time
overcurrent IEC or ANSI): Parameter 0126
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Fig. 1 SIPROTEC line protection 7SA522 and 7SA6

Functional Scope |
Awailable functions:
e, Function Scope =
M03  |Setting Group Change Cption Dizabled -
10 | Trip mode 1-13pale
012 Phaze Distance Cuzdrilatersl
0113 | Earth Distance Guadrilatersl
0120  |Powver Swing detection Dizahled
M 21 | Teleprotection for Distance prot. Disabled
022 |DTT Direct Transter Trip Dizabled
0124  |Instantaneous HighSpeed SOTF Crvercurrent | Disabled
25 Weak Infeed (Trip andior Echa) Disabled
28 |Backup overcurrent Time Cwercurrent Curve [EC =
0131 |Earth fault overcurrent Dizabled §
0132 |Telenrctection for Earth fault overcurr. Dizabled 4

Fig.2 Setting of functional scope
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Matrix: Masking I/O (configuration matrix) 1201 Distance protection is ON
1202 Phase current threshold for distance meas-

urement < Is7> pick-up (Table 1)

Assign the signal “3719 Distance forward” in the
“Distance General” block to destination CFC.

LSP2750.tif

Infaation Seuice Destination | To calculate the minimum reach setting of the dis-
Mumber Display test | IS ] S DBUgE' - 5|/ E|| B tance protection, the overcurrent characteristic is
L Shloop [TEG o0t T shown in the impedance plane below in Fig. 6:
03714 Dis.Loop L2 <> auT oo
R C: 71 Dis.Loop L3 <> auT oo
Aot 03716 Dis.Loop L12<- ouT 0o
[T Dis.Logp L23¢ auT oo .
03718 Dis.Loop L3T< out o0 ) Distance polygon
(3719 |Dis. forward auT EED Pick-up of
03720 | Diis. reverse out = overcurrent
) K T K X . . inside circle
Fig.3 Masking of dist. signals in configuration matrix
Select that stage in the backup overcurrent that . R
must be directional (ANSI 67). For this stage as- 2 st e
. . . . . KD
sign the corresponding blocking input signal to g = Unneas
source CFC. Therefore either: 4 Le7>
7104 >Block O/C I>> or
7105 >Block O/C I> (used in this example) or
7106 >Block O/C I, Fig.6 Pick-up characteristic of overcurrent protection
. . . . in impedance plane
Multiple assignment is also possible. P P
Iformation Sauen Dl From Fig. 6 it is apparent, that the largest circle ra-
Number Display test R L= o P Y el o B dius must be determined to set the minimum im-
ols]T L S .
B D pedance reach so that a direction decision is avai-
07104 >BLOCK O/C 1> 5P A=~ oo = lable when the overcurrent stage picks up. The
07105 sBLOCK O/C 1> 5P = oo % . . .. ;
07106 >BLOCKO/CIp 5P oo % maximum circle radius is obtained when the
07110 >0/ InstTRIP 5P oo [oo]% :
T ST e = i . mea’sured fault voltage together with fa.ult current
07131 > STUB ENABLE SP oo| [oofx at pick-up threshold occurs. If the maximum op-
T 0/C OFF oot oo % . .
fED AT R AT ARl Trnle erating voltage (unfaulted) is used, a large safety
Fig.4 Masking of overcurrent signals in configuration factor is already incorporated as the fault voltage
matrix

will always be less than this.

W 3. Special setting for the distance protection

The distance protection sensitivity must be greater
than or equal to that of the required directional

operating max

\/§~(I()7 > pick—up)

Circle_radius =
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overcurrent protection. This does not present any
problems, as the directional overcurrent protec-
tion will be set less sensitive than the maximum
load current while the distance protection is set
more sensitive than the smallest fault current.

In the relevant setting group (e.g. Setting Group
A) the following distance protection settings must
be checked:

Distance protection, general settings - Settings Group & =
General | Earth faults | Time Delays I
Seltings:

Mo, Settings “alue B
1201 | Distance protection iz O -
1202 | Phase Current threshold for dist. meas. (VAT
1211 | Angle of inclination, distance charact. 85"
1208 | Seties compensated line [l
1232 |Instantaneous trip after SwitchOnToFault Inactive!
1241 R load, minimum Load Impedance (ph-g) oo Chm
1242 | PHI load, maximum Load Angle (ph-e) 45"
1243 R load, minimum Load npedance (ph-ph) oo Ohin
1244 | PHI load, maximum Load Angle (ph-ph) 45"
1357 | Z1B enabled before 15t AR (int. or ext.) YES

Fig.5 Distance protection function general setting

In this example the rated secondary VT voltage is
100 V. The maximum operating voltage is 110%
of rated, so the following circle radius can be
calculated:

100-1.1

J3.25

Circle_radius =254 Q

Circle_radius =

The setting 1243 R load, minimum load imped-
ance (ph-ph) must be greater than the calculated
circle radius. In practice, this is no problem be-
cause this setting is calculated with a similar equa-
tion using the maximum load current instead of
the overcurrent pick-up (Is7> pick-up) which
must be greater than the maximum load current.
Therefore, this setting when applied is by nature
greater than the circle radius calculated here.
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At least one Of the set distance protection zones Backup overcurrent - Settings Group A 2 ll
with forward or non-directional reach must have e e =
a reach greater than the circle radius. In this ex- e
ample the Zone 5 has the largest reach, and it is set — T —
non-directional. In this case the following must be 2620 |jphv= Pickup 254

. 2621 (T Iph= Time delay 0,50 zec
CheCked' 2627 |3I0= Pickup oo &

. . 2623 | T 3I0= Time delay 2,00 zec

1341 Operatlng HlOCle Zone 5 is 2624 |Instantaneous trip via Teleprot /Bl I
non-directional 2625 |Instantaneous trip after SwitchOnToFautt ) =
1342 R(Z5) resistance for ph-ph faults > 4
Circle radius (25.4 Q) Fig. 8 Settings for backup overcurrent function (I> in this example)
1343 X+(Z5) reactance for forward direction > W 5. Setting up the CFC logic

Circle radius (25.4 Q) In the CFC logic, the absence of a forward detec-

If none of the applied zones has a sufficiently large  tion by the distance protection (in this case
reach, a special zone must be selected for this pur- ~ Zone 5) will be used to block the backup over-
pose. This zone must then be set as non-direc- current stage (in this example stage I<).

tional (for MHO set forward) with an X and R
reach equal to the calculated circle radius (25. 4 Q
in this example). The time delay of this zone can
be set to infinity (ee) to avoid tripping by the dis-
tance protection in this zone if required.

In the fast PLC, insert a negator and route the sig-
nal “Dis forward” to its input. Route the negator
output to the relevant blocking input to the
backup overcurrent stage.

Distance zones (quadrilateral) - Settings Group A x|

Zone 21 | ZoneZ1B-ssten. | ZoneZ2 | Zore 23| Zonez4 ZoneZS

Settings:
Mo Seftings ‘alue
1341 | Operating mode Z5 Man-Directional “IN: Dis. General Diz. forward OUT~
1342 |R(Z5), Resistance for ph-ph-faults 25 400 Ohm
1343 |M(Z5)+, Reactance for Forward direction 25 400 Ohm " .
1344 |RE(ZS), Resistance for ph-e faults 21,000 Chm = =
1345 TS delay 00 ZeC o 0
1346 |M(Z5)-, Reactance for Reverse dirsction 20,000 Ohm Q Q
4 4
Fig.7 Zone settings of non-directional zone Fig.9 Inputsignal allocation in the CFC logic
W 4. Setting the backup overcurrent stage W 6. Testing the ANSI 67 function
for ANSI 67 To test the directional overcurrent, a forward and
The backup overcurrent must be operated as a reverse fault condition were simulated with the
backup protection so that it is always active: Omicron® state sequencer. For both faults, the

fault current level was set to 10 % above pick-up
of the ANSI 67 function, 2.75 A. The angle be-
In the backup overcurrent proctection the follow-  tween current and voltage for the forward fault
ing settings must be applied to the stage thatisin- ~ was 0° and for the reverse fault 180°.

tended for the ANSI 67 function. In this example
stage I> will be used:

2601 Operating mode ON: always active

The fault recordings and trip log for these two
cases are shown on the following page:

2620 Ipn> pick-up value

set equal to required Is7> pick-up (in this example

2.5A)

2621 T Ipp> time delay
set equal to the desired 67 time delay (in this ex-
ample 0.5 s)

2622 3Ip> pick-up value
disabled by setting to infinity (co)
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The trip log (Fig. 10) shows the trip signal by the
backup O/C I> stage after 510 ms.

FSE Trip Log - 000002 / 12.07.2004 16:05:03.111 - Test / Testh

Fig. 10 Trip log for forward fault

%Trip Log - 000003 / 12.07.2004 16:06:00.775 - Test / Testhbox / 75A522 DCBT ¥4.3/7SA522

Humber I Indication I Yalue | D ate and time | |
0030 Powser Systemn fault 2-0M 12.07.2004 16:05:03.111
00302 Fault Event 2-0M 12072004 16:05:03.111
03633 Distance Pickup L123 OmM 0 iz
03704 Distance Loop L12 zelected farward oM 0 iz
03705 Distance Loop L23 zelected farward oM 0 iz
03706 Distance Loop L3 zelected fanward oM 0 iz
07162 Backup 0O/C PICKUP L1 OM 10 ms
07163 Backup O/C PICKUP L2 OM 10 ms
07164 Backup O/C PICKUP L3 OM 10 ms
07184 Backup 0/C Fickup L123 OM 10 mz
07132 Backup O/C Fickup 1> OmM 10 mz
07215 Backup O/C TRIP Fhazes L123 oM 510 mz
07222 Backup O/C TRIP I» OM 510 ms
00533 Prirnary fault current IL1 2,75 kA, 514 mz
00534 Prirnary fault current IL2 2,75 kA, 514 mz
00535 Prirnary fault current IL3 2,75 kA, 514 mz
013305 Diztance TRIP command Phases L123 ] 900 mz
07161 Backup O/C FICKED UP OFF 989 ms
03671 Digtance FICKED UF OFF 999 mg
03704 Dizgtance Loop L12 selected fonward OFF 1000 mz
03705 Dizgtance Loop L23 selected fonward OFF 1000 mz
Q3706 Dizgtance Loop L31 selected fonward OFF 1000 mz
a0at1 Relay GEMERAL TRIF command OFF 1000 mz
o11z2a Fault Locator Loop L2301 ] 294 mz
v Flt Locator; secondary RESISTANCE 21.84 Ohm 294 mz
m11a Flt Locator;, secondary REACTANCE 0,07 Ohm 294 mz
o114 Fit Locator: primary RESISTAMCE 87,36 Ohm 294 mz
m11a Fit Locator; primary REACTAMCE 0,27 Ohm 294 mz
011113 Flt Locator: Distance to fault 0.5 km 894 mg
o120 Flt Locator: Digtance [%] to fault 05% 294 mz

| ritiator

Fig. 11 Trip log of reverse fault

B 7. Summary

The implementation of a directional overcurrent
stage (ANSI 67) in the distance protection relays
7SA522 and 7SA6 is possible via a simple coupling
of the distance protection directional release with
one of the overcurrent stages in the relay.

If one of the other backup overcurrent stages is re-
quired as an emergency protection in the event
that the distance protection is blocked due to fuse

Mumber Indication Walue Date and time
0030 Pawer Systemn Fault 3-0M 12072004 16:06:00.775
00302 Fault Event 3-0M 12.07.2004 16:06:00.775
03693 Digtance Pickup L123 [l Oms
03710 Distance Loop L12 selected reverse OM Oz
03 Digtance Lﬁp L3 zelected reverse [l Oms
03nz Distance Litop L3 selected reverse OM Oz
03805 Distance TRIP command Phases L123 OM 300 mz
00e33 Primary fault current (L1 2,75k 04 mz
00534 Frimary fault current IL2 2,78 kA 05 mz
0e3s Primary fault current [L3 2,75k 05 mz
03671 Distance PICKED UP OFF 1000 s
03710 Digtance Loop L12 selected reverse 0OFF 1000 me
037 1 Distance Loop L23 selected reverse OFF 1000 iz
03nz Distance Loop L31 selected reverse OFF 1000 mz
a0s11 Relay GEMERAL TRIP command OFF 1007 mz
omizs Fault Locatar Loop L3L1 OM 894 mz
mny FlIt Locator: secondary RESISTAMCE -21.82 Ohm 294 mz
IRRE] Flt Locatar: secondary REACTAMCE 0,07 Ohbm 294 mz
01114 Flt Locator: primary RESISTANCE -B7.28 Ohm 394 mz
115 FlIt Locator: primary REACTAMNCE -0.28 Ohm 294 mz
01113 Flt Locator: Distance bo Fault 0.5 km 834 maz
0120 FlIt Locator; Distance [%] to faulk 5% 294 mz

failure, a similar logic may be implemented
whereby the blocking signal is derived from the
Fuse Fail alarm (170).
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