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2nd Harmonic Blocking of 310 Protection

1.1 Introduction

The residual current (310) protection stages can require very sensitive settings, in some cases smaller than 5% nominal
current. For such stages there is significant risk of maloperation due to transients introduced on the primary side, e.g. in-
rush current on power transformers; or on the secondary side due to saturation of phase CTs when the residual current is
calculated or measured in the star-point of the phase CTs.

A characteristic of the conditions described above is a strong presence of 2" harmonic component in the measured
residual current. This application note will describe a method that can be applied to block the sensitive 310-stages with 2nd
harmonic current detection.

1.2 2d harmonic detection
The following protection stage will be applied for 2" harmonic detection (here shown in the FG Line of 75L86):
~ | FGLine
g Line
» | Arc protection
» _ | Current protection
» _ | Distance protection
*» _ | Distance protection with reactance method
(A | Frequency protection
» | Further protection functions
~ _ | Gnd flt.prot. for resonant-gnd.isol.
* _ |51Ns Sens. GFP
&* 51Ns Sens. GFP
¥ _ | Stage types
X Function applied
L& 310> harmonic | for 2nd harﬁ'lponic
& Pulse detect. detection in 310
& YO=
» | 67Ns Dirsens GFP

The 310> harmonic function is applied to the 310 current as it is measured. For the FG line it is a 3phase measuring point
alternatively a FG VI 1ph could use a single phase measuring point:

| Current-measuring points

» Base module » Expansion module 3

1A » 3A

1A1-1A2  1A3-1A4 1A5-1A6 1A7-1AE8 3A1-3A2 3A3-3A4 3AD-3A6 3A7-3A8
Measuring point Connection type 1P 1A1 IP1A2 IP1AZ | P1A4 1P 3A1 | P 3A2 | P 3A3 I M 384
(Al [=] (Al ~ 3 -phase MP - =ty [=lan [=lanp [=lan [£]
ID Meas.point I-3ph 1 3-phase +IN |T| 1A 1B 1C IN
| Meas.point I-1ph 1 Ix

| a0 new ! | Single phase MP
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1.2.1 Setting options
310> harmonic1

21.1871.19951.1 Mode: |on [~]
21.1871.19951.2 0 te & flt blocked: Relevant
. . . perate & fitrec. blocked: [yes settings

21.1871.19951.201 Harmonic selection: | 2nd harmonic [«
21.1871.199517.202 310 harm. threshold: |0.030 A
21.1871.19951.203 310 harm. dropout ratio: | 0.80 Not relevant
21.1871.19951.204 Stabilization counter: |4 settings
21.1871.19951.110 Pickup extension time: | 0.04 [ =

21.1871.19951.6 Operate delay: |1.00 s

Above the setting options are shown. As the blocking will be derived via CFC logic with the 2" harmonic measured value,
the only relevant settings for this application are:

Mode: on
Operate & flt.rec.blocked: yes (this function will not be used for tripping)

Harmonic selection: 2nd harmonic

1.2.2 Percentage restraint — user defined setting parameter

Blocking with the 2" harmonic component must be applied in the form of a percentage restraint. For this purpose, the
following is required.

For the setting value of the restraint (e.g. 15%) a chart setting value from the library as shown below must be inserted,
and may then be renamed as desired:

» B 50 OC high-speed 1 21971
» B 67N GFP gnd.sys.1 211111
b & 59 Overvolt-3ph 1 2151 ~ | Global libraries
» & 27 Undervolt-3ph 1 21131 o o Y
b B 81 Overfreq-A 1 211 » L] Documentation templates
» & 81 Underfreq.-A 1 21.31 + |l Global DIGSI 5 Library
b B Weak infeed 211331 ~ 3 Types
T B* 51Ns 5ens. GFP 1 21.1871 » | Line protection
b & Group indicat. 21.18714501 » | Overcurrent protection
b & General 21.1871.231 * | User-defined functions
b B 3101 21.1871.12421 Insert and rename & Chart setting Bool
» S 210 hamonicd el 187110951 o Chart setting Integer
* & 310_2nd_Block 21.1871.15841 —Il & Chart setting Real I
Persent 21187115841305 v [ & Puls.metwal.
¥ %] Circuit breaker 1 201 * - & Swi. seq.
» g J-Onboard Ethernet 101 &# User-defined function
’ ﬁ F:USART-AD-1FO 102 & User-defined function block
» &g E:ETH-BB-2FO 103 & User-defined function block [control]
» Sz viiph1 1151 g User-defined function group
¥ = Main menn o P T —
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The setting value can then be applied in the function as follows:

r* |Editmode: secondary | r* |Active: sertings group 1 | & -) = e

310> harmonic1

21.1871.19951.1 Mode: |on [+]

21.1871.19951.2 Operate & fltrec. blocked: |yes [+]
21.1871.19951.201 Harmonic selection: | 2nd harmonic [+]
21.1871.19951.202 310 harm. threshold: | 0.008 | A
21.1871.19951.203 310 harm. dropout ratio: | 0.80 |
21.1871.19951.204 stabilization counter: |4 |
21.1871.19951.110 Pickup extension time: |0.04 | s

21.1871.19951.6 Operate delay: [1.00 | s

| Add new stage | [ Delete stage |

310_2nd_Block

21.1871.15841.105 Value: |‘IS.DDD %

| Add new stage | [ Delete stage |

1.2.3 CFC Logic

A CFC logic will be required to derive the blocking signal. (optional additional signals may be applied to obtain entries in
the logs/recorders when the blocking is active — in this example user defined signals are applied for this purpose)

Add new chart

Name:
|2nd_Harm_310 |

You can select the function chart (CFC) task from the list box shown below.
The selected task will be assigned to the new function chart. Later, you can also
change the task after opening the function chart.

select function chart (CFC) task:
| Measurement |=]
Task description:

Use this task level for the processing of measured values. Functions on this task level
are processed cyclically every 500 ms.

> |Additi0na| information

[+ Add and open | oK | [ cancel |

The chart is applied in the “Measurement” task as measured values will be processed.

Edition 1 5 APN-059
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| 310 measured 2nd harmonic component
Line 1.51Ns Sens. GFP 1.310> harmonic1.310 harm. [REAL]

Line 1.51Ns Sens. GFP 1.310_2nd_Block.Persent [R... divide the 2nd harm by
[ percent setting e.g. 15% set percentage
2nd Harm%

conv % *nl\f R

niv R DIV R

DNV R IN N

IM Y INDIV
100.0—INDIV

convert % to decimal

check thresh
GT R
GT R

signal that 2nd harm blocking is
active and block protection stage
310 measured fundamental component

OUT—t Line 1.51Ns Sens. GFP 1.310= harmonicl1.2nd_blk_pcent. [BO.
Line 1.Fund./sym.comp..Fundam.IN.magnitude [RE.. ———IN2 Line 1.67N GFP gnd.sys.1.Inverse-T 1.>Block stage [BOOL]
is 2nd harm above

threshold?

The CFC chart quality handling is done automatically by default. If the setting under device settings shown below is

changed to manual, the CFC chart above must be extended to prevent the blocking output when the measured values are
invalid:

r |Edit mode: secondary | r |Active.‘ cettings group 1 | (— — =i WE\

T T OO OISRy - | FVI0T PTCRar

CFC

91.161

CFC chart quality handling: | automatic [+]

With the above logic the 15% chart setting value is converted to a factor = 0.15. This factor is then used to make the
measured 2" harmonic comparable with the measured 310 (use the fundamental component). If the harmonic is above

15% the output indicates this and in turn will block the 67N or other 310 protection stages that have their blocking input
routed here.
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1.3 Test Cases

1.3.1 Case 1 - 2"d harmonic 4 mA

The following conditions apply:

Current Mag | 2" Harm % [2" Harm mA
IA 0,8 0,5% 4 mA

IB 0,7 0 %

IC 0,7 0 %

310 0,1 4 % 4 mA

There should be no blocking of the 67N stage as the harmonic component is only 4%:

K1:MPI3p1:IN/mA ‘|
310 =100 mA

0

-100 *‘

0.5 0.6 07 0.8 0.9 1.0 1.1 1.2 1.3 14 15
t/s
K1:Ln1:51Ns1:310> harmonic1 S
2310 harm.:fmA |
2 2nd harm. 310 = 0 mA ‘ 2nd harm. 310 = 4 mA
-1 -
0 T T T T T T T T T T T
0.5 0.6 07 0.8 0.9 1.0 1.1 1.2 1.3 14 15
t/s

67N inverse not blocked ‘

Ln1:67Ngs1:Inverse-T 1:Pickup

‘general

Ln1:51Ns1:310= harmonic1
-2nd_blk_fix

Ln1:51Ns1:310= harmonic1
-2nd_blk_pcent.

0.5 0.6 07 0.8 0.9 1.0 11 1.2 13 14 15 "
5
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1.3.2 Case 2 - 2"d harmonic 8 mA but below 15%

The following conditions apply:

Current Mag | 2" Harm % [2nd Harm mA
IA 0,8 1% 8 mA

IB 0,7 0%

IC 0,7 0%

310 0,1 8% 8 mA

There should be no blocking of the 67N stage as the harmonic component is only 8%:

K1MPI3p1:IN/mA
¥ 310 =100 mA

100

05 0.6 07 0.8 0.9 1.0 1.1 1.2 1.3 14
K1:Ln1:51Ns1:310= harmenic1 |
2310 harm.:/mA
2nd harm. 310 = 0 mA | 2nd harm. 310 = 8 mA
25 -
0.0 T T T T T T T T T T
0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 14

67N inverse not blocked ‘

Ln1:67Ngs1:Inverse-T 1:Pickup

‘general

Ln1:51M=1:310= harmonic 1
-2nd_blk_fix

Ln1:51M=1:310= harmonic 1
22nd_blk_pcent.

05 0.6 07 0.8 0.9 1.0 11 1.2 13 14
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1.3.3 Case 3 - 2"d harmonic 20 mA and 20%

The following conditions apply:

Current Mag | 2" Harm % [2"d Harm mA
IA 0,8 2,5% 20 mA

IB 0,7 0 %

IC 0,7 0 %

310 0,1 20 % 20 mA

There should be blocking of the 67N stage as the harmonic component is above 15%:

K1:MPI3p1:IN/mA
“ 310 =100 mA

0

-100 *{

05 0.6 07 0.8 049 1.0 11 12 13 14 15 16
ts
K1:Ln1:51Ns1:310= harmonic1 -
2310 harm./mA |
107 2nd harm. 310 = 0 mA ‘ 2nd harm. 310 = 20 mA
5 —
0 T T T T T T T T T T T T
05 0.6 07 0.8 049 1.0 11 12 13 14 15 16
ts
67N inverse is blocked by: ‘
L}
Ln1:67Ngs1:Inverse-T 1:Pickup \ I
‘general \
Ln1:51Ns1:310= harmonic 1
2nd_ blk_fix \
Ln1:51Ns1:310> harmonic1 |
-2nd_blk_pcent.
T T T T T T T T T T T T
05 0.6 07 0.8 049 1.0 11 12 13 14 15 16
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1.3.4 Case 4 -310 =9A and 2" harmonic 100 mA

The following conditions apply:

Current Mag | 2" Harm % [2nd Harm mA
IA 10 1% 100 mA

IB 1 0%

IC 1 0%

310 9 1.1 % 100 mA

There should be no blocking of the 67N stage as the harmonic component is only 1.1%:

K1:MPI3p1:N/ A <‘

3I0=9A
0
=10 —
l T T T T T T T T T T T
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 15
t/s
K1:Ln1:51MNs1:310= harmonic1 o
2310 harm./mA |
50 4 2nd harm. 310 = 0 mA | 2nd harm. 310 = 100 mA
25
0 T T T T T T T T T T T
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 15

67N inverse not blocked

t/s

Ln1:67Ngs1:Inverse-T 1:Pickup

-general

Ln1:51Ns1:310>= harmonic 1
22nd_blk_fix

Ln1:51MN=1:310= harmonic 1
22nd_blk_pcent.

0.5 0.6

07

0.8

09

1.0

1.1

12

13

14

15
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1.3.5 Case 5 - 310 =9A and 2" harmonic 1600 mA %

The following conditions apply:

Current Mag | 2" Harm % [2"d Harm mA
IA 10 16% 1600 mA

IB 1 0 %

IC 1 0 %

310 9 17,8 % 1600 mA

There should be blocking of the 67N stage as the harmonic component is above 15%:

K1TMPIBp 1IN/ A

3I0=9A
0

=10

s
K1:Ln1:51Ns1:310= harmonic1 |
:310 harm.:/ A
o o | 2nd harm. 310 = 0 mA | 2nd harm. 310 = 1600 mA
0.0 T T T T T T T T T T T T
0.5 0.6 07 0.8 0.9 1.0 1.1 1.2 13 14 15 1.6
t/s
| 67N inverse is blocked by: |
\
Ln1:67Ngs1:Inverse-T 1:Pickup \ I
-general \
Ln1:51Ns1:310> harmonic 1
22nd_blk_fix
Ln1:51Ns1:310> harmonic1 1
:2nd_blk_pcent.
T T T T T T T T T T T T
0.5 0.6 07 0.8 0.9 1.0 1.1 1.2 1.3 14 15 1.6
ts

1.4 Conclusion

The functional measured value (310 harmonic) applied via CFC is very effective as blocking criterium for sensitive 310

stages in the presence of non-linear disruptions of primary or secondary systems.
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