How to test 47 Phase unbalance protection in SEPAM relays:

The use 47 Ansi code is protection against phase unbalance caused by:

1. Phase inversion (phase rotation)

2. Unbalanced power supply
3. Distant fault

Scenario No.1: Test the first issue in order to trip in phase rotation condition (worst unbalance condition).
It is easy to test this scenario: you can inject V1, V2, and V3 in a normal phase angle with nominal values
but swap V1 and V2, or any other pair of voltages, at relay terminals.

Let’'s assume you set voltage sensors and 47 protection on Sepam as below:

VT:

Settings:

6600/N3 V / 100/\3 V

Unit 1 at 3% Unp with tripping time 1.5 sec
Unit 2 at 7% UNp with tripping time 0.5 sec

_| SFT2841 v 15.0 - Sepam series 80 - [Connection window]
il File Edit Operation Sepam Application Optons Window 7

2 DEEBRG[EL = A f LAy |

Sepam hﬂrdware' General characteristics  CT-VT sensors |CT;‘\/TSuperv\5\nn| Cantrol \Dgn:' Lngn:\/Os' GOOSE'

CT-VT sensors Single-line type |1 | @ Ec  ANSI Aply I Concel
m CT rating 1ACT ﬂ
I Rated current (In) 100 A =
Base current (Ib) 100 A =
E o Fesidual current INnne LI
I = . Residual curent [Nane =]
3l I'o
4‘ s 112,13 A
v Fated primary voltage (Ung) IE G kv :I
v I lvav: [ I Piated secondany voltage {Uns) [ W
w W,
I e I = Vo  Residualvoltage ISVsum LI
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| SFT2841 v 15.0 - Sepam series 80 - [Connection window]

l Fle Edit Operation Sepam Appication Options Window ?
B R T e T E)
50/51 56| 5ON/SIN1-4| BON/STNEG| GOBF | 46 |49RMS|64REF| 67 | 67M | 32P | 27D | 27R | 27 | 69 | 53N 47 | g1 4]

47: Negative sequence overvoltage Aply I Cangel |
On Latching Trip CB Measurement origin Woltage threshold Delay
Unitd ~ r ~ [vivevasueiuze — +| |3 %Unp 15 s :I
Unit2 ~ il ~ [vivevsjoeiuze | |7\ %Unp 500 ms j

Tripping behaviour

01]02[03]04]05 L1 [L2[L3]L4[L6[LG[L7 [LB[LA]  English Local Rec
47-1 UNBALANGE U DESEQUILIBRE U JIES

a2 [ | (UNBALENGE U JDESEQUILIBRE L

Then you inject nominal voltage and normal phase angle for each phase as below:

OMICRON QuickCMC - [QuickCMC1]

I

Elcomment

Test | Hardware | More | Prefault Stat Stop = Hold | Addte Clear | Report
Object Configuration ., ~ Report Report | Settings

Tnominal vg[@gexbn Test Documentation

Test View: Quic'"CMC1

Analog Outputs

—=

50.000 Hz

50.000 Hz Bin. out 2 o
(=]
o

50.000 Hz
A £0.000 Hz Bin. out 3
0000A -12000° 50.000 Hz
0000A 12000° 50.000 Hz

Bin. out 4

577 v
~Analog Inputs

vdc: -0.002 V | Hde: 0.0000 mA

Before injecting voltage please do not to forget to swap the wiring between Omicron (or any other test
set) and relay; as an illustration swap V1 and V2. In other words, you need to connect voltage output
channel No. 1 of Omicron to voltage input channel No.2 of relay and vice versa.

Here below you see the Sepam setting for negative sequence overvoltage 47 protection function: | would
like to grab your attention into the fact that in Sepam relays all voltage settings are done according to Unp
voltage reference. So it is very important issue while you're setting any voltage protection function. As an
illustration, if you set voltage threshold to 3%, the tripping negative sequence value would be 3% * 6.6 kV
=198 V and for threshold of 7%, it would be 7% * 6.6 kV = 462 V. In next test scenario it is explained how
to test this threshold as well.

Here after you'll find the tripping report from Omicron test set and tripping contexts report extracted
from Sepam.
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OMICRON QuickCMC - [QuickCMC1]

LTI

E
Test Hardware | More | Prefault Start Stop  Hold | Addto Clear | Report e
Object Configuration ~ * Values | Report feport Settings

Test Setup Test Execution Test Documentation

Test View: QuickCMC1

ToRa]

-Binary Outputs 732 VA -

Analog Outputs

Direct = Bin. out 1 (=)
IEES s773v 000° 50000 Hz
UIEZS 5773V 120000 50000 Hz Bin. out 2 =}
VIETS s773v 120000 50000 Hz
TE oo00A  000°  50.000Hz Bin. out 3 B
1F] 0000A -12000°  50.000Hz
1E 0000A 12000° 50.000 Hz Bin. out 4 E

sr7v -
[-Analog Inputs

Binary Inputs / Trigger

S Stage 2/is operated

On Trigger

# Switch off Delay: 0.000 s

-Step / Ramp

signal(s): |V LL-E

Quantity: | Magnitude || Time:

_| SFT2841 v 15.0 - Sepam series 80 - [Connection window]

[ Fie Edit Operaton Sepam Appicaton Optons Window ?
s DEdSRE LA ALH20% -0

Netwark | Machine Tripping context |

Tripping contexts Select atrip

no|ooA Iz [00A 13 [00A

Tiip selected

2016/01/22 18:50:63 li |0.0A
I0E |0.0A

~Frequenc, ~al

ey I = |v1 3.806 kv I ve [3806 kY i [3808 KV

UZT 5593 k' u3z 5592 k' U13 |6.592 kY
[~ Power
Wi

P [ ookw Vilinjinversion cendition

Reactive power 0.0 kvar ﬁﬁ nggual tgphase MO'tageS
Vi wzf V3 JT

Apparent power 0.0 KA
I 2 Phase Rotation @123 (‘«[ ’)‘f

In this case, where we swapped the wiring between two phases, worst condition of unbalanced system is
created. As you can see, the Vi (negative sequence voltage) reported by Sepam is the maximum value
which is equal to phase voltage (6.6 kV / 1.732 = 3.81 kV)

Scenario No.2: Test the unbalance phase voltage caused by any unbalance situation of power supply or
any distant fault. So for these types of issue you can test the threshold of function. There are two ways to

test the threshold.
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Scenario No.2 First Way:

One way is to keep your wiring same as scenario one, swapped two voltages, and gradually increase the
voltage in all three phases at the same time from 0 V to reach the threshold. So threshold for 3% is 198 V
and for 7% is 462 V and we can read the Sepam Negative sequence voltage (Vi) measured values in UIf

measurements screen of SFT2841 during the test. But for secondary injection, we start from 0 V and
gradually increase voltage to 3% of secondary voltage (3%* 100 V=3 V) and also to 7% (7% * 100V = 7
V). These are the values that should be set on Omicron. Moreover there is an easy way on Omicron in
order to gradually increase the voltage. In next page you can see the screen shot of this tool and its setting.

OMICRON QuickCMC - [QuickCMC1]

ﬁ b ’ ™ Gﬁ =3 c * %ﬁ? 7 Modify Results

[=]comment

Test Hardware | More
Object Configuration  ~
Test Setup

Prefault Start  Stop Hold

Values

Addto Clear | Report
Report Report  Settings
Test Documentation

Test Execution

Test View: QuickCMC1

Analog Outputs  Binary Outputs 732 VA -, 10K

Diact = Bin. out 1
0.000 v[_000°] 50000 Hz
0000V 12000° 50 000 Hz B, out 2
0.000V_120.00° 50.000 Hz
D000 A 000" 0.000 Hz Bin. out 3
0.000 A 50.000 Hz )
0000A 12000° 50 000 Hz Bin. out 4

oo ofo
A
-

si7v . 30 A
Setithe steps-

~On Trigger

W switch Delay:

~Slen/Ram

signal(s): |V LI-EV L2-EV L3E |~

Quantty: | Magnitude |-

[ Pulse ramp

You can do two tests:

1. Start from 0 to 3% , Sepam should trip at 1.5 second, and measured value for Vi in tripping
contexts should be 198 V (tripping value).
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OMICRON QuickCM

- [QuickCMC1]

. ﬁ * b ’ s ME = 'yx Z# 7PModify Results

[=lcomment

Test | Hardware
Object Configuration
Test Setup

More | Prefault Start Stop Hold

Values

Addto Clear | Report
Report Report Settings
Test Documentation

Test Execution

Test View: QuickCMCL

10RO

Analog Qutputs - Binary Outputs

s e %‘:Otw“:i"“m“ srepeedile
VIL2E . at in. ouf
3.000V 2008 1S)ValUe)n. out2

VL3E

‘1732 VA -

ection

50.000 Hz Bin. out 3
50.000 Hz

50.000 Hz

DDDL\_

103 o 000A 120.00° Bin. out 4

577 v
- Analog Inputs

Vdc: -0.002 V| Idc: 0.0000 mA

~On Trigger =
-0.000 O M £ 1509s ) . . a
W Switch off Delay: s oF oe RQLQM U!ppmg the
o d pttof T "
step / Ramp o usod same as setting/for
ot used
signal(s): | VLI-EVLZEV3E || fize: #auto stsp ot e §ng§)1‘
ot used
Quantity: | Magnitude |-1 Time: s : :
@ ot used
[1Pulse ramp Reset:

_| SFT2841 v 15.0 - Sepam series 80 - [Connection window]

[ Fie Edt Operaton Sepam Appication Options Window ?
SO = e = o P e =

NENVDrkl Machine Tripping cantext |

Tripping contexts Selecta trip,

— Current

1no(0.0A

Trip zelected

2016/01/22 20:17:27

0 [0.0A

Active power

0.0 kwy

WO [0.0Y

d

i Frequenc [ Waltag

Fraguancy F e V1 |196.0Y w2 [196.0Y w3 1960
Uz21 [3420% U3z 300y 13 |3400%

—Power

10 , I =
Reactive power [ 0.0 kvar - Sameasourc a|cu|at| on
e LllLia Phase Ratation ® 123 1.3 f@J j B_,p'--mJ

2. Start from 6.9% to reach over 7% (steps in 110 mV and time changes in 600 ms same as
Sepam setting for stage 2). In order not to have any interaction between two Unit stages, it is
recommended to inhibit Unit 1. Here after you see the Omicron report and Sepam tripping
context. Relay tripped in 512ms and near to 464 V.
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Test Hardware | More | Prefault Start Stop
Object Configuration  ~
Test Setup Test Execution

Hold
Values

5

Addto Clear
Report Report

w ‘
E# 7 Modify Results

Elcomment

Report
Settings

Test Documentation

OMICRON QuickCMC

- [QuickCMC1]

Test View: QuickCMC1

r Binary Outputs 1732 VA -
Set Mode Bin. out 1 5]

VIEEY 7010w | ooo®

VIEX] 7010 v e ! BT —rr
roiov |12000° 50 000 Hz ,oltag e
U 0.00° 50.000 Hz Bin. out 3 5] é R
0000 A -12000° 50 000 Hz ) (0
0000A 12000° 50,000 Hz Emand = o "BB

577 V

~Analog Inputs

S
Sepams s, time should
2SpARNSEE IS, NS S is e
be equallor bigger than Sepam
~On Trigger Binary Inputs f Trigger
W Switch off Delay: WO F | § 5129 ms
~Step / Ramp
signal(s): |V LI-EV L2-EV 13-E ||| size: o Auto
Quantity: Magnitude " Time:
[ Pulse ramp Reset: 500.0 ms El

.| SFT2841 v 15.0 - Sepam series 80 - [Connection window]

. Fle Edit | Operation Sepam Application Options Window 7?

BRI T A e
Network' Machine Tripping cuﬂlextl
Tripping contexts Selectatip
—Current
I |0oA 2 [00A 13 [00A
Trip selected
2016/01/2513:12:34 i |01 A
IDE |0.0A
£
i Frequency - “oltages -
Frequency F b V1 |60V Y3 (4610
U1 [801.0Y U13 |801oy
— Power
Actve power T oo o [10v Viltripping|value
W [0.0Y
Reactive power I 0.0 kwar
I Wi [464.0%
Apparent power I 0.0 kWA
Phase Rotation ® 123 1132

Scenario No.2 second Way:

This time you can wire the test set and relay connection normally, connecting voltage output channel No.
1 of Omicron to voltage input channel No.1 of relay (V1 of Omicron to V1 of relay and so on). In fact this
case is the actual condition while we have got an unbalance condition during normal service. So maybe
some customer ask to test 47 function without any changes on wiring.
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To create the unbalance condition, this time we inject nominal value on all channels, and then start to
reduce (or increase) the voltage just on one phase. In order to trip we need to reduce voltage as bellow:

Uns /V3—[(3 *3%) * V3 * Uns /v3] =57.73 - [0.09*100] = 48.73 V
Where: Uns is Secondary nominal voltage of VT: 100 V
3% is the first stage setting of protection
3 is the factor while we change the voltage just in one phase (and not all phases)

It means that if you inject 48.73 V to the relay, it will create 3% unbalance condition, and relay will trip in
1.5 seconds and will report approximately 198 V in tripping contexts.

Note that the increasing ratio uses the same formulae with + instead of -. If you inject 66.73 V, it will also

create 3% unbalance condition.

OMICRON QuickCMC - [QuickCMC1]

F
TYS Y T
i o UR T¥ *® ==# 'Modify Results
E
Test Hardware | More | Prefault Start Stop Hold | Addto Clear | Report = Jcomment
Object Configuration Values | Report Report ' Settings
[est Documentation

Test Setup

Test View: QuickCMC1

Binary Outputs mfnhgg’ej\‘!

Set Mode. i Bin. out 1 |
IEFS 4873V | 000” 50.000 Hz

823 s773v_fe0.00° 50.000 Hz Bin. out 2 8
57.73 v I120.00° 50.000 Hz

.00 =

(]

A A 50.000 Hz Bin. out 3
NE4 0.000A -17800° 50.000 Hz

50.000 Hz Bin. out 4

51 0000A 12008g°

577 v

Analog Inputs
' phases; still {vdm e
57.73V/ ’I— e

Binary Inputs / Trigger
Trip [CICAP ST

7 s
e

# Switch off Delay: 0.000 s

On Trigger ‘
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_| 5FT2841 v 15.0 - Sepam series 80 - [Connection window]

m Fle Edit Operaton Sepam Appication Optons Window ?
e e R I T

Natwork | Machine Tripping cantext |

Tripping contexts Select a tip

n |0oA

Trip selected

2016/01/2513:36:34

0E [00A

~Freguenc ~Voltag:
Frequency F 50.01 Hz V1 |3213kY w2 [3.806 kY v3 [3806 KV
U2t [B087 kv usz [EE9zKY U13 [B087 kv
—Pawer
Active power 0.0kW Vo [535.0Y
vd [3ET0kY
React 0.0 kvar
eactive power v 30w G—
Apparent power 0.0KVA )
Phase Ratation @ 1_2.3 32

The same test could be done for second stage:
Uns /V3—[(3*7%) * V3 *Uns/Vv3]=57.73-[0.21 * 100] = 36.73 V
Where: Uns is Secondary nominal voltage of VT : 100 V
7% is the second stage setting of protection
3 is the factor while we change the voltage just in one phase (and not all phases)

It means that if you inject 36.73 V to the relay, it will create 7% unbalance condition, and relay will trip in
0.5 second and will report approximately 462 V in tripping contexts.
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Test  Hardware
Object Configuration
Test Setup

Test View: QuickCMC1

BN 2Dpbn G

More | Prefauft Start Stop | Hold

Values
Test Execution

Analog Outr~

VAEEN 367 :
Vi 5773V _|12000°
VL3 57.73 V12000 °

5] 0.000A 120800°

EE = % %} # Modify Results

= comment

Addto Clear  Report
Report Repori Settings
Test Documentation

OMICRON QuickCMC - [QuickCMC1]

[Binary Outputs TBZVA -,
Bin. out 1 o

50.000 Hz

50.000 Hz Bin. out 2 =]

50.000 Hz

50.000 Hz Bin. out 3 =]

50.000 Hz o

50.000 Hz Bin. out 4
57.7 V.
rAnalog Inputs

other’ phases;
|
nominal values;

on Trigger
’7 # Switch off

_| SFT2841 v 15.0 - Sepam series 80 - [Connection window]

. Fle Edt Operation Sepam Application Options Window ?

< DEESRE LA FL e A<D

Network | Machine Tripping cantes |

Tripping contexts Selectatip
—Cun
NS 12 [00A B oA
Trip selected
2016/01,/25 15:22:18 li |01 A
0E |0.0A
 Freguency — Voltags
Fpiay F _——l w1 [2421 000 w2 (3806 kv w3 [3.806 kv
U2l [5.438 kW U32 |B594 kY U13 |5.435 kv
—Power
Active power 0.0 ki V0 1383 kY
g [3.345 Ky
Reactive power 0.0 kvar .
—
Apparent power 0.0 KA X
Phase Fatation ® 123 13z

Two important recommendations before testing:

1. We grab your attention on the fact that knowing the measurement range of Negative Sequence

Voltage is important while you are testing. Please check the table extracted from Sepam catalogue.

0.05 * Vnp < measurement range of Vi < 1.2 Vnp

Where Vnp is Primary phase to neutral voltage (= Unp / v3)

In our test the low range would be: 0.05 * (6600 / 1.732) = 190.75 V

In our test the high range would be: 1.2 * (6600 / 1.732) = 4572.75 V
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Negative sequence voltage

Operation
This function calculates the value of the main negative sequence voltage Vi:
m from the 3 main phase-to-neutral voltages:

) — =1 = Fcd L
O phase rotation direction 1-2-3: Vi = 3~ (Vi+aV2+aVi)

1
3
m or from the 2 main phase-to-phase voitages:

. . . = - - P
O phase rotation direction 1-3-2: Vi = z = (V1 +aV2+a'V3)

) - ~ = 1 o =
O phase rotation direction 1-2-3: Vi = = = (U21-al32)

3
) - =01 = 3%
O phase rotation direction 1-3-2: Vi = 3* (U21-au3z2)
2=
with a = e

The additional negative sequence voltage Vi is calculated in the same way:
m from the 3 additional phase-to-neutral voltages V'1, V'2 and V'3
m or from the 2 additional phase-to-phase voltages U'21 and U'32.

Readout

The measurements may be acgessed via:

m the Sepam display via the key

m the display of a PC with the SFT2841 software
B the communication link.

istics
I Measurement range i 0051w 12Vnp™ |

Units e Var kV
Resalution . 1V
Accuracy +2 % at Vnp

Display format 3 sigmificant digits
Refresh interval 1 sacond (typical)
(1) Vnp: primary rated phase-to-neutral voltage (Vnp = Unp/v3 ). I

To make it simpler: if you inject less than (0.05 / 1.732 = 2.8%) of unbalance condition then Sepam won’t
display any Vi value. Let’s take an example and calculate for 2.7%:

Uns /V3—[(3 *2.7%) * v3 * Uns / v3] =57.73 — [0.081 * 100] = 49.63 V

If I inject 49.63 V on phase 1, and keep two other phases as 57.73 V, Sepam will not display any Vi on the
measurement menu.
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OMICRON QuickCMC - [QuickCMC1]

Ij 4 B } ™ @_’ﬁ _EM *® Mi_"“a A Madify Results

lComment

Test  Hardware | More
Object Configuration
Test Setup.

Prefault| Start | Stop  Hold

Values

Addto Clear | Report
Report Report ' Settings
Test Documentation

Test Execution

Test View: QuickCMC1

Anale Lutputs [-Binary Outputs ————— [32 VA
Direct | 8in. out 1

49.6. 0.00°] 50.000 Hz

5773V -120.00° 50.000 Hz

5773V 120.00° 50.000 Hz

Bin. out 2

Oo0Oo o

0000A  000° 50000 Hz Bin. out 3
0000A -12000° 50000 Hz
0000A 12000° 50,000 Hz (3 a3

577 v
rAnalog Inputs

Vde: -0.001V | Idc: 0.0000 mA

B Fie Edt Opemton Sepam Appicaion Optons Window ?
A - e A R e )
iE _|Phawr| Other | Temperatures |

U | f measurements

i~ Curren
Phase 1 Phase 2 Fhase 3
RMS values 0.0 A 0.04 0.04
Demand valuzs poe poa poA Reset demand and
Peak demand values 3015A 3028 A 300.4A mexirmurn values
Jlsum (004
- Voltag
Phase 1 Phase 2 Phase 3
Phase-omneutlvoltages | 3272 G [[38067
uai us2 Wik} Voltage units
Phase-o-phase voltages | G136 | 5582 | 5136V v
Residual voliage 535V L
Positive sequence voltage | 3623 Y
——
INegatlve sequence valiage | 0V e

Freguene,
’7 Frequency |50.00 Hz

But if we inject 2.9% unbalance condition:

Uns /V3 —[(3 * 2.9%) * v3 * Uns / v3] =57.73 — [0.087 * 100] = 49.03 V, we will now read 190V.
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OMICRON Qui - [QuickCMC1]

s, [ Modify Resuits

[] (u &2 >k @07

Addto Clear | Report
Report Report | Settings
Test Documentation

Comment

Prefault| Start | Stop  Hold
Values
Test Execution

Test  Hardware | More
Object Configuration
Test Setup

Test View: QuickCMC1

Analog 0 > -Binary Outputs TAZVA TR
Direct =] Bin. out 1 0
4303V 0087 50000 Hz
5773V -120.00° 50,000 Hz Bin. out 2 o
57.73V 120.00° 50.000 Hz
0.000A  0.00° 50.000 Hz Bin. out 3 5]
0.000 A -120.00° 50.000 Hz -
0.000A 120.00° 50,000 Hz Bin. out 4
577 V 3.0 A
- Analog Tnputs
vde: | -0.000V | de: [ -0.0005 mA

| SFT2841 v 15.0 - Sepam series 80 - [Connection window]
[ Fie Edt Operaton Sepam Appicaton Options Window ?
R EEEREIE T A e T

el ilPhasnrl Other | Temperstures |

U | f measurements

i~ Currents
Phase 1 Phase 2 Phase 3

RMS values 0.0A 0.04 0.0A

Demand valuss 0.0 A 0.0A 004 Fesct demand and
Peak demand valuss 3015 A 302.8 A 300.4 A maximum values

Jsurm (004

[ Woltages
Phase 1 Phase 2 Phase 3
Phase-to-neutral voltages I 21V | 3606V I 3606
uz1 32 u13 Yoltage units

Phaseo-phase voltages I 6103 | 6582 I B103Y &V

Residual voltage 574 kv

Puositive sequence voltage 3616

Megative sequence voltage | 190 a—

Fraguency
’7 Frequency |50.00 Hz

2. While you are testing 2" scenario’s first way, and increasing step by step all phases to make unbalance
condition, it is important to consider the Sepam tripping time also. It is recommended to set time of step
changing equal or even bigger than Sepam tripping time. This point is explained above.

AEDL3

Page 12



