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Preface

This paper describes how to test directional overcurrent protection elements. It contains an application

example that will be used throughout the paper. The theoretical

background of the directional overcurrent

protection will be explained. This paper also covers the definition of the necessary Test Object settings as
well as the Hardware Configuration for directional overcurrent tests. Finally the Overcurrent test module is
used to perform the tests that are needed for the directional overcurrent protection function.

Supplements: Sample Control Center file Example_Overcurrent_OvercurrentDirectional.occ

(referred to in this document).

Requirements: Test Universe 3.00 or later; Overcurrent and Control Center licenses.

1  Application Example
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Figure 1: Feeder connection diagram for the application example

Overcurrent Relay

Parameter Name Parameter Value Notes

Frequency 60 Hz

VT (primary/secondary) 7200V /69.3 V (L-N)

CT (primary/secondary) 1000A/5A

1st element IEEE Very Inverse Tripping characteristic

Directional Fwd

Directional characteristic Forward

15XCT Pick-up 1.5 X In cT primary

3 Time multiplier setting (TD; TMS; , etc.)

30° Relay characteristic angle (directional
protection)

0.7 X VT
Polarizing Voltage Threshold (directional
protection)

2"d element Definite Time Tripping characteristic
3XCT Pick-up 3 X In cT primary
100 ms Trip time delay

Table 1: Relay parameters for this example
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2

2.1 Theory

Theoretical Introduction to Overcurrent Characteristics

There are two major overcurrent characteristic types: Definite-time (IOC) and Inverse-time (TOC)

Tripping Characteristics

v

(1oc)

Instantaneous Overcurrent Relay

element |OC relay

w!

t(1* el.)

t(2™ el.)

Trip-time charateristic of a two-

........ | FARRRRARRSRARRRIS SRS

1¥element
50-1

2"glement
50-2

g

v

Time Overcurrent Relay (TOC)

t ST

t(2" el.)

Trip-time characteristic of an
TOC overcurrent relay

2"%element
51 or 51N or 67

1"element

e

The definite-time (IOC) characteristic allows for rapid fault clearance for current above a specific setting.
In North America, inverse-time (TOC) curves conforming to the IEEE C37.112-1996 standard are common.
The IEEE curves are derived from the formulae:

t
T = Time Multiplier * 7 + B, Tresgr = Time Multiplier * TI
P_1 1—( 2
) -~
pickup pickup
IEEE Curve Shape A B P t,
IEEE Extremely Inverse 28.2 0.1217 2.000 29.1
IEEE Very Inverse 19.61 0.491 2.000 21.6
IEEE Moderately Inverse 0.0515 0.1140 0.02000 4.85

Table 2: Inverse TOC tripping characteristics (GE850 Manual and IEEE C37.112-1996, section 4.2-4.4)

Where:

T = operate time (in seconds)
Time Multiplier = Multipier setting

I = input current
I

A, B,p = constants

pickup = Pickup Current setting

Treser = Teset time in seconds (assuming energy capacity is 100% and RESET is "Timed")
t, = characteristic constant
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2.2 Tripping Characteristics (50, 51, 67)

As the properties of the operational equipment differ considerably (overload, short circuit behavior, etc.) the
characteristics have to be adapted to this.

&) Phase TOC /7 Updated sample settings.CID : CAUsers\FarElh0o... [ = || =] || £3 |

Phase TOC 1 N\ Phase Directional OC 1

Function ( 1 Trip Function YN Enabled
Input \ ~N Phasor ECA 18 30°
Pickup ( 2 ) isooxcr Polarizing V Threshold Q JoroovT
Curve /N \_/ [EEE Very Inverse REV When V Mem Exp 7/ NO
TDM (3) 3.00 Block Off
Reset N_/ \ Instantaneous Events Enabled
Direction [ 4 ) PhoirociFwD Targets Latched
Voltage Restraint \_/ Disabled

Block Off

Relays Relay - Disabled

Events Enabled

Targets Latched

Updated sample settings.CID Protection: Group 1: Current - | Updated sample settings.CID Protection: Group 1: Current

&P Phase 10C // Updated sample settings.CID : C\Users\FarElho... [ = | =] || &3 |

Phase 10C 1
Function Trip

Input Phasor
Pickup 6 ) 3000xcCT
Direction /  Disabled
Pickup Delay (7 0.100 s
Dropout Delay \_ / 0.000s
Block off
Relays Relay - Disabled
Events Enabled
Targets Latched

Updated sample settings.CID Protection: Group 1: Current

Figure 2: Parameters of an overcurrent relay (GE850)

Tripping characteristic for the 15t element (for this example Phase TOCL1 - IEEE Very Inverse)
Pick-up setting of 1%t element (CT=1000A)

Time multiplier setting (TDM) for the 15t element

Directional function (for this example forward)

Tripping characteristic for the 2™ element (Phase IOC1 for this example)

Pick-up setting (primary) of 2" element

Trip time delay of 2" element

Element characteristic angle ECA (only for the directional function)

Polarizing voltage threshold (VT=7200V L-N)

© o N o O ®DNPRE
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Figure 3: Comparison of IEEE Very Inverse tripping characteristics with different time multiplier settings (TDM)
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2.3 Directional Overcurrent Protection (67)

Directional overcurrent protection is used in situations where fault current can flow in both directions through
the relay location.

1+ 15

I
o
P P Y
O 0
Source @7 » Load

Figure 4: Fault current flow on a parallel feeder

The relays at C and D in the figure above are set to operate for faults in the forward direction (looking
towards B for relay D and looking towards A for relay C). Since the flow of fault current is in the reverse
direction at relay D, it does not operate. The fault on AC will be isolated by relay C.

In order to determine the current direction, forward or reverse, the relay needs a reference or polarizing
voltage. The polarizing voltage is one whose phase angle will remain reasonably constant between a non-
faulted and faulted system.

The following conditions should be considered when selecting the polarizing voltage:
> For a close-in fault, the fault voltage is almost zero

> The angle of the directional characteristic (ECA or MTA) depends on the fault type (Phase A-Ground,
Phase B-Ground, etc.)

Note: The ECA (element characteristic angle) or MTA (maximum torque angle) is the angle by which the
polarizing voltage is shifted in order to produce maximum relay sensitivity.
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For this, relay connections have been developed that make use of different reference voltages with
corrected phase angles.

Connections Advantages Disadvantages Maximum
Torque Occurs
When
0° (Eh, ) Maximum sensitivity with Not suitable for HV- | lags 0°
arc faults systems, no directional
decision with a close-in
fault
30° (Eh,vph ~Von .5) Reference voltage depends | | lags 30°
_ _ on the fault
60° (I, =V -2) I lags 60°
90° (E)h'\7ph .32 _\7ph '5) Maximum_ reference Not suitable for arc faults | lags 45° or 60°
voltage with phase to
ground and phase to
phase faults

Table 3: Relay connection for determining the reference voltage.

Phasor rotation operators:

a =1120°

Note:

a2 =1,/-120°

The method used for the reference voltage depends on the relay manufacturer. For the
following discussion we use an overcurrent relay with 90° relay connection and a relay
characteristic angle (ECA or MTA) of 30° (I lags 60°).

MTA set at 30° Lead

- Polarizing Voltage > Vbc or Veb
-~
-~
-
P
-~
-
- ~
y Ven or Vbn “&, Vbn or Ven
?}(6
ot
o
o
e’ ot
(@
&

Figure 5: 90° relay connection with a relay characteristic angle of 30° (Phase A-Ground fault)
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3 Practical Introduction to Overcurrent Characteristic Testing

The Overcurrent test module is designed for testing directional and non-directional overcurrent protection
functions with DTOC or IDMT tripping characteristics (short-circuit, thermal overload, zero sequence,

negative sequence, and customized curve characteristics).

The test module can be found on the start screen of the OMICRON Test Universe. It can also be inserted

into an OCC File (Control Center document).

4

Test Modules
Stand-alone Startup
B QuickcMc Test
w Ramping..

State Sequencer
Advanced TransPlay

B Ovwercurrent

w Distance...

"Hl Autoreclosure
Differential...

0y Synchronizer
Annunciation Checker

w MNetwork Simulation...

Meter

pal Transducer
E PQ Signal Generator

3.1 Defining the Test Object

Module
Insert

# Insert Test Module

(®) Create New

() Create from File

h

*

h ExeCute
GOOSE Configuration
Ground Fault

IEC 61850 Client/Server
% 1510 Connect

Meter

X NetSim

E Owercurrent

ﬁ P Signal Generator

El Pause Module
ﬂ Pulze Ramping
B quickemc

h Rarmping

Bl . ...

[[] Display big icons

Before you start your test, define the settings of the relay (the test object) to be tested. Double-click the Test
Object entry in the Control Center file to launch Test Object. Alternatively, click Test Object on the Insert

tab.

B---E Example_Owvercurrent_OvercurrentDirectional.occ

----- Company Logo

----- Application example |

----- ¥ Hardware Configuration

----- Eﬁ MNote for the Wiring Test

----- W& Wiring Test

----- # [j Note for the 1. Electrical Test

----- & 1. Electrical Test

- [ Phase to Phase Overcurrent

: EB Pick-Up Test Ph-Ph (1> 1 Element)
- ﬁ MNote for all following tests

- [® Trip Time Characteristic PhA-PhB

------ EB Directional Characteristic (Angle Section)

o Cut
Copy
|T] Paste ~
Clipboard

View

g B &

New Test [New Hardware  Test Group
Configuration Module

Insert
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3.1.1 Device Settings

General relay settings (e.g., relay type, relay ID, substation details, CT and VT parameters) are entered in
the RIO function Device.

Test Object
File View Function Block Parameter Help

5 W R B F| T

- @ Device

[P Distance
+]- (2 Overcument
.. CB Corfiguration

Devire Settings

Device Settings
r Device rNominal Values
Name /description: | Application example | Mumber of phases: O2 @3
Manufacturer: | General Electric | f nom: 60,000 Hz
Device type: | Cvercurrent relay | V mom {secondary): 115,000 v {L4)
Device address: | HXK | 686,395 W (L)
Serial/model number: | 350 | \ primary: 12,470 kv (L4L)
7.200 kV ({L-N)
Group | Type | Line Additional information 1: | | I nom (secondary):
Additional information 2: | | I primary: 1.000 kA
r Substation Residual Voltage /Current Factors ———————
MName: | KKK | VLMNJ VN 1.732
Address: | HHK | IM /I nom: 1.000
—Bay rLimits
Mame: | Feeder xx | V max: 250,000 v {L4)
Address: | HHK | I max: 50,000 A
—Overload Detection Sensitivity Debounce/Deglitch Filters ———————
O Low O Off Dedglitch time: 0,000 s
[ ok [[ conel || b |
Note: The parameters V max and | max limit the output of the currents and voltages to prevent

damage to the device under test. These values must be adapted to the respective

Hardware Configuration when connecting the outputs in parallel or when using an amplifier.
The user should consult the manual of the device under test to make sure that its input rating
will not be exceeded.
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3.1.2 Defining the Overcurrent Protection Parameters

More specific data concerning the overcurrent relay can be entered in the RIO function Overcurrent. The
definition of the overcurrent characteristic must also be made here.

File View Function Block Parameter Help

AR YA R S

&= Device

[+ (= Distance

[+ M Overcument
.= CB Configuration

Note: Once an Overcurrent test module is inserted this RIO function is available.
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Relay Parameters

This first tab contains the definition of the directional behavior as well as the relay tolerances.

Overcurrent Protection Parameters

Relay Parameters  Elements

Relay behavior
Directional behavior:

Non-directional

VT connection:

= At protected object

CT starpoint connection:

s To protected object

% Directional Not at protected object From protected object
Tolerances

Current: Time:

Relative: 5.000 % Relative: 5.000 %
Absolute: 0.050 Iref 50.00 mA Absolute: 40.00 ms

1. Since we want to test a directional overcurrent relay, this has to be activated.

2. Regarding the feeder connection diagram (Figure 1) the VT is placed At protected object.
If Not at protected object is chosen, the voltage will have the nominal value after tripping.

Bushar

At protected object Not at protected object
.-"‘;4 o /";4 —_—
— —
Protected Protected
object: E— object:
’T\ e.g. line a.g. line

Busbar

3. The CT starpoint connection has to be set according to the connection of the secondary windings of the
CT. For this example the feeder connection diagram (Figure 1) shows that the CT grounding is towards

the protected object.

To protected object From protected object
1 | EEh —— | P _——
- ]
L] LIFow0N
. e prp—— e~ pr——
- -
L= . N,
—an ——— * e, ——
- | Lo | .
—|| [ Protected — 11 Protected
object; object,
Busbar Relay eg. line Busbar Relay eg. lne
l . pp—— l P N - =
- -
PV L P
o e pp— LS - e e
L] -
e * &
. + P o 8 PR » - P _——
P » =)l »
— 107 Protected —1[; Prolected
objact; object;
Busbar Relay e.g. line Busbar Relay eg line

4. The current and time tolerances can be obtained from the relay manual.
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Elements

This tab defines the characteristic of the different overcurrent elements.

Overcurrent grotection Parameters

Relay Parameters | Elements |

“

Selected slement type:

add |

@opch... |

| Remove |

| Move Down |

MP-Q
M = Itest/Ipickup
Td = Time Index

A | 19.61s |
I 2,000 |
ki | oo00s|
1 pick-up:

1,500 Iref |

Characteristic
Neme: | IEEE VI
A+Td+ K1
t(g} =—

Phase (2 Elements / 2 Active) [ -

Active

+BsTd+ K2

B:|
Q|

K2 |

491,0 ms |
1,000 |

0.000s |

Time index:
| 3,000

O

| Define Element Characteristic | Define Element Directional Behavior  View Resulting Characteristic

Element Name Tripping Characteristic | Pick-up Absolute Time Reset Ratio Direction
IEEE VI 1,500 |ref 7.500 A 3,000 0,950 Forward
IEC Definite Time 3,000 |ref 15.00 A 100.0 ms 0,950 MNon Directional
Range limits
@ 10000.0
] Active 5000.0
. i | 0,000 Iref | tmin: |
Manage / Select Characteristics
o Favoris Characteristic definition
avorites Mew Folder . . 0.200
[ Characteristics Name: IEC Definite Time
5 i Stancerd
o
-, IEC Normal Inverse avert
- b IEC Very Inverse Cut
be. IEC Extremely Inverse @ B
E-{Z5 Predefined & 010
T 0.090 o
- Inverse
-l ANSINI 0080 7
o ANSIVI 0.070 4
~ . ANSIEI 0.080
e ANSILI
-l [EC [BS142 NI T
o [EC /B5142VT Doy 20
-l [EC [BS142El It
b IEC /BS142LTT
-l [EC [BS1425TI Import
b [EEEMI Reset characteristic
b EEV
b IEEEEI _ @ Off
wuh TEEET=h TMT. ARR 2
Notes: s Definite time tr:
Imini [ p.000%ef]| tmin [ o.000s] Inverse time Ri
Lmaz: | +00 Irefl ki | 4o ‘ T

The default overcurrent characteristic is shown above. It contains an IEC Definite Time scheme with one
element for a phase overcurrent protection. This characteristic should be adjusted to the parameters of the

relay (Table 1):

1. In order to define the elements of the phase overcurrent protection, select Phase as the

Selected element type.
Note: If other element types are also present in the relay select the related element types consecutively
in (1) to enter these elements. The selection field shows the number of already defined related elements
and how many of these are marked as active.
2. This table shows the elements that define the tripping characteristic for the selected element type. The
name of the first element may be changed according to the name used in the relay, e.g., "TOC".
3. Change the characteristic type of the first element to IEEE Very inverse (Table 1).
4. Afterwards set | Pick-up and the Time index.
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5. Now the second element can be added. It has an IEC Definite Time characteristic, which might be
renamed to "IOC". Also set | Pick-up and the Trip time.

The list of the elements appearing after these adjustments is shown below.

Overcurrent Protection Parameters *
Relay Parameters | Elements
Selected element type: Phase (2 Elements / 2 Active) | - w @
Active Element Name Tripping Characteristic I Pick-up Absolute Time Reset Ratio Direction
CopyTo TOC IEEE VI 1.500 Iref 7500 A 3.000 0.950 Forward
10C IEC Definite Time 3.000Ief  [15.00A 1000ms 0950 MNen Directional

The Reset Ratio must also be checked in the manual.

In order to define the directional behavior, the Direction of the 1st element has to be set to Forward.
Note: This setting is an orientation help for the reader and, once it is set, it will rotate the directional limits
by 180° if changed to Backward.

The adjustments of the directional characteristic must be made in the tab Define Element Directional
Behavior:

Define Element Characteristic [ Define Element Directional Behavior ] View Resulting Characteristic

Trip sector definition

Start: . Maximum torque angle: @

End: Sector opening:
rBlinder

[ Active

I active: Characteristic angle:

Ireactive:

4.0 Iref

As the relay characteristic angle cannot be entered in the Test Object directly, the Trip sector definition has to be calculated
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The resulting overcurrent characteristic is shown below.

A 1stelement
B 2 element

Overcurrent Protection Parameters

Relay Parameters | Elements

Selected element type: Phase (2 Elements / 2 Active) | -

Active Element Name Tripping Characteristic I Pick-up Absolute Time Reset Ratio Direction

TOC IEEE VI 1.500 Iref 7.500 A 3.000 0.950 Forward

Ci To...
10C |EC Definite Time 3.000 Iref 15.00 A 100.0 ms 0.950 Mon Directional

Define Element Characteristic  Define Element Directional Behavior ;“\u;\'ew REsu\ungCharacherlsht

10000.00
5000.00 4

1000.00
500.00

100.00 o
50.00

tfs

10.00
5.00

1.00
0.50

0.10 + @
B/

0.05 4

1 show Tolerances

3.2 Global Hardware Configuration of the CMC Test Set

The global Hardware Configuration specifies the general input/output configuration of the CMC test set. It
is valid for all subsequent test modules and, therefore, it has to be defined according to the relay’s
connections. It can be opened by double-clicking the Hardware Configuration entry in the OCC file.

¥ Example_Overcurrent_OvercurrentDirec...
Company Logo
I Application example

EW
. e
# B Wiring Test
¥ [ Note for the 1. Electrical Test
# & 1. Electrical Test
=/ ¥ Phase to Phase Overcurrent
¥[8 Pick-Up Test Ph-Ph (I1>1 Element)
# [ Note for all following tests
¥[8 Trip Time Characteristic PhA-PhB
¥[8 Directional Characteristic (Angle S...
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3.2.1 Example Output Configuration for Protection Relays with a Secondary Nominal Current of 5 A

Output Configuration Details =

CMC356 (777777) Voltage Outputs Voltage Factor

4x300V, 85VA @ BSV, 1Ams

3x300V, 85VA @ B5V, 1Arms

1x300V, 150VA @ 75V, 2Arms

3300V, SOVA @ 75V, 660mArms, VE automatis

1x600V, 250VA @ 200V, 1.25Arms 2 f J
2x600V, 125VA @ 150V, 1Arms
<not used> g
.
I ——

Fan Mode
® Automatic
) Max.

Connect VT...

6x32A, 430VA @ 25, 25Vrms
3x32A, 430VA @ 25A, 25Vms
3x32A, 430VA @ 25A, 25Vrms
3%32A, 430VA @ 25A, 25Vrms, IE automatis T2 3 W
3x64A, B6OVA @ 50A, 25Vims
3%32A, BEOVA @ 25A, S0Vims
1x32A, 1.74KVA @ 25A, 100Vrms ?

1x64A, 1.74kVA @ SO0A, S0Vrms .
1x128A, 1KVA @ BOA, 25Vrms
2x64A, S00VA @ 40A, 25Vrms
1x64A, SDOVA @ 40A, 25Vims
1x64A, S00VA @ 40A, 25Vrms
2x32A, B70VA @ 20A, S0Vrms
1x32A, B7OVA @ 20A, S0Vms
1u3IA QTALA A IR B
Fan Mode
(®) Automatic
Connect CT... ~ Max.

E m m -
T O e D
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3.2.2 Analog Outputs

Global Hardware Configuration

General | Analog Outputs Binary / Analog Inputs Binary Outputs DC Analog Inputs Time Source

CMC356 VA
mnmn

CMC356 1A
nNN

Connection

Display Name Terminal

The analog outputs, binary inputs and outputs can all be activated individually in the local Hardware
Configuration of the specific test module (see chapter 3.3 “Local Hardware Configuration for Directional
Overcurrent Testing”).

3.2.3 Binary Inputs

General Analog Outputs | Binary / Analog Inputs | Binary Outputs DC Analog Inputs  Time Source

[0  Binary Binary Binary Binary
Potential Free =} =] =]
Nominal Range 120V 120V

Connection

Display Name Terminal

The trip command has to be connected to a binary input. BI1 ... BI10 can be used.
For wet contacts adapt the nominal voltages of the binary inputs to the voltage of the circuit breaker trip
command or select Potential Free for dry contacts.

3. The binary outputs and analog DC inputs will not be used for the following tests.

EDEEE?:EEE
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3.2.4 Wiring of the Test Set for Relays with a Secondary Nominal Current of 5A

Note:

The following wiring diagrams are examples only. The wiring of the analog current inputs may
be different if additional protective functions such as sensitive ground fault protection are

provided. In this case In may be wired separately.

TR0 B B BB

Eﬁlmn

Protection
Relay

e W

0—§E Ve

§E Ve

E_ .

£

36

N

Trip

0 B B3 BB e

Eﬁimn

Protection
Relay

<>_§E Vs

X Ve

;EIA

E

£ &

E: I

(*) 9

Trip
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3.3 Local Hardware Configuration for Directional Overcurrent Testing

The local Hardware Configuration activates the outputs/inputs of the CMC test set for the
verinare | S€lected test module. Therefore, it has to be defined for each test module separately. It can be
| configuration  opened by clicking the Hardware Configuration button in the test module.
Test Setup

3.3.1 Analog Outputs

Local Hardware Configuration =

‘General | Analog Outputs | Binary / Analog Inputs Binary Outputs DC Analog Inputs

| @ The read-only settings on this page can be edited in the Global Hardware Configuration, only. More...

CMC356 V A CMC356 1A
mn nnn

Test Module Connection
Output Signal

Display Name ——

3.3.2 Binary Inputs

Local Hardware Configuration =

‘General Analog Outputs | Binary / Analog Inputs | Binary Outputs DC Analog Inputs

| @ The read-only settings on this page can be edited in the Global Hardware Configuration, only. More...

CMC356

nnm

Function = %11 Binary Binary Binary Binary Binary Binary
Potential Free = o = = = = =
Nominal Range 120V 120V
Clamp Ratio
Threshold

Test Module Disolay N Connection
Input Signal isplay Name Terminal
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3.4 Defining the Test Configuration

3.4.1 General Approach

When testing the directional overcurrent protection, the following steps are recommended:

> Trip time characteristic: Verifying the trip times of every element of the tripping characteristic.
> Directional characteristic: Verifying the angle of the directional characteristic.

Each of these tests can be performed with the Overcurrent test module.

¥ Example_Overcurrent_OvercurrentDirec...
Company Logo
I Application example
& Hardware Configuration
# [ Note for the Wiring Test
¥ B Wiring Test
¥ B Note for the 1. Electrical Test
¥ @ 1. Electrical Test
— W8 Phase to Phase Overcurrent
¥[8 Pick-Up Test Ph-Ph (1>1 Element)
¥ [ Note for all following tests
¥ 8 Trip Time Characteristic PhA-PhB
¥ 8 Directional Characteristic (Angle S...
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3.4.2 Trip Time Characteristic Test

Trigger and Fault tabs:

Test View: Trip Time Characteristic PhA-PhB in Example Overcurr| Test View: Trip Time Characteristic PhA-PhB in Example Overcurrent OvercurrentDirectional

Pick-up / Drop-off Test | Characteristic Test | Fault | Trigger | Binary Out |

Pick-up { Drop-off Test | Characteristic Test | Fault | Trigger | Binary Out |

[~ Start condition

Time reference: (@ Fault inception () Starting

~Trip condition
Trigger logic: ® AND OoR

Input Display Name State
[ Trip 1

Load settings Decaying DC
Load current: Load angle (I): [ Active
® 0.0004 @ Time constant
o © same as Fauit angie
~ Time settings CB characteristic ——————————————
Prefault time: Absolute max. time: Min. time:
100.0ms [ maos (3 ) | 50.00 ms
Postfault time: Relative max, time: ]
- Voltage settings -~ Thermal image
En [ Enable reset
Fault voltage LN:
~—\ (for all but two phase fauits) Hominal voltage LN: Reset method:
4 30,00V 66,395V Mani -
N
Fault voltage LL:
(for two phase faults) Mominal voltage LL:
51,96V 115.000 ¥ Ed

The trigger for this test will be the trip contact.
A Load current during the pre-fault state will not be used in this example.
3. The Absolute max. time has to be adjusted. On the one hand, it has to exceed the upper tolerance of
the test point with the longest trip time otherwise an assessment will not be possible. On the other hand,
it should not be set to an unnecessarily high value. For shots where No trip is expected this will be the
waiting time until the assessment 'no trip' is made before continuing with the next shot. So if this time is
set to a very high value, it would unnecessarily prolong the test duration.

The Voltage settings define the voltages for different fault types. These voltages only apply to the faulty

phases. The non-faulty phases remain at nominal voltage. For most purposes it is sufficient to leave
these settings at the default values.
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Characteristic Test tab:

Test View: Trip Time Characteristic PhA-PhB in Example Overcurrent_OvercurrentDirectional

Pick-up / Drop-off Test | Characteristic Test | Fauit | Trioaq put |

— e T Stste WPE  RelstiveTo  Factor Magnitude Deviation _Report Time Signal
‘ 900DA  -4500° 81005 59195 12155 Nottested n/a O
R Toc [- 1M25A  |-4500° 32405 26775 40025 Nottested |n/a (]
Factor: 1400A  |-4500° 18415 15805 21645  Nottested n/a [m]
Vagritude: : 6000ms 1400ms Nottested nfa m] —
Notrip  Notrip  Nottested nfa O
EE §000ms 1400ms MNottested nfa [m]
i
=
add || addmuitple... T Remove Al

1000000 R

500000 ‘

1000.00 | | Lo

50000 |

10000 -|

5000

tls

10.00 o

500 o

1.00 H

050 o

010

005 o

1. As the function to test is a phase overcurrent function, a phase to phase fault is used.

Note: In this case other protection functions may interfere with the test. However, if such functions or
elements (e.g., ground fault protection, negative sequence protection, etc.) are present they may be
specified in the Test Object in the same manner as the phase elements were entered in this example.
The resulting characteristic will be calculated individually and shown for each test shot depending on its

fault type (1) and fault angle (2), ensuring a proper assessment according to the expected overall relay
behavior.

2. The Angle for the forward direction should be the Maximum torque angle. For reverse direction it has to
be entered shifted by 180°.

3. As the trip time of the TOC element depends on the current, this element has to be verified with more
than one test point.

The trip time of the 2"d element can be confirmed with only one test point.
The directional behavior is confirmed with one shot at each stage in reverse direction.

The value of the 2" element is also confirmed by placing two test points outside of the tolerance band of
this setting.

Instead of directly entering the magnitude value it can be expressed by its relation to an element setting,
e.g., set Relative to: to the 2" element and set the Factor to 1.06 (i.e., 6% above the threshold) or 0.94
(i.e., 6% below the threshold).

Note: Regarding the ways to enter and modify test data please also consult the Help section of the
module (press F1).
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3.4.3 Directional Characteristic Test

Test View: Trip Time Characteristic PhA-PhB in Example_Overcurr| Test View: Directional Characteristic {Angle Section) in Example_Overcurrent_OvercurrentDirectional

Pick-up / Drop-off Test | Characteristic Test | Fault | Trigger | Binary Out |

P\d<-t.|p;‘Drop-oFFTast| Characteristic Test | Fault | Trigger ‘ Binary Outl

~Start condition Load settings

®

Load angle (1):

0.00%

() same as fault angle

~ Decaying DC

O Active

Time constant:

Time reference: ® Fault inception ©) Starting el et
® 0.000 A
~Trip condition
(] 0.850 Ifault
Trigger logic: @ AND OOorR
Input Display Name State
P el [~ Time settings
| Trip 1
Prefault time:
100.0 ms
Postfault tme:

500.0 ms

solute max. time:

[~ CB characteristic

Min. time:

30.00s

| 50.00 ms

Relative man. ame:

100 %

[ Voltage settings

~ Thermal image

Enabl utput [ Enable reset

Fault voltage LN:

{for all but two phase faults) Nominal voltage LN: Reset method:

30,00V 66,395V Manua >
Fault voltage LL:
({for two phase faults) Nominal valtage LL:

51.96Y 115.000 Edit Message...

The Trigger and Load settings are the same as explained for the trip time characteristic test. The
Absolute max. time can be reduced because the test current will be set shortly below the lower tolerance of
the 2" element pick-up value.

Type: ABC [~
Relative to: Toc |~
facr
-
e
.
add | addmtiple Remove Remove All =
1000000
4
5000.00 |
|
|
1000.00 |
500.00 |
|
|
10000 | |
5000 |
|
= |
10.00 |
500 |
|
|
1.00 |
050 |
|
|
010 4 |
005 |
L T
13 5 18 2 2 2 Ei]
/A

As this test confirms the angle of the directional characteristic, the test points should be placed on both sides
of the directional characteristic line. In order to get a correct assessment they should be placed just outside
of the angle tolerance.

A three phase fault is recommended for this test. The angle between current and voltage for each
phase is the same for this fault type. This ensures a proper assessment of the test.

Note:
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OMICRON

Support

When you are working with our products we want to provide you with the greatest
possible benefits. If you need any support, we are here to assist you!

24/7 Technical Support — Get Support

WWW.omicronenergy.com/support

At our technical support hotline, you can reach well-educated technicians for all of
your questions. Around the clock — competent and free of charge.

Make use of our 24/7 international technical support hotline:
Americas: +1 713 830-4660 or +1 800-OMICRON

Additionally, you can find our Service Center or Sales Partner closest to you at
WWW.omicronenergy.com.

Customer Area — Stay Informed

my.omicronenergy.com

The customer area on our website is an international knowledge exchange platform.
Download the latest software updates for all products and share your own
experiences in our user forum.

Browse through the knowledge library and find application notes, conference papers,
articles about daily working experiences, user manuals and much more.

OMICRON Academy — Learn More

www.omicronenergy.com/academy

Learn more about your product in one of the training courses offered by the
OMICRON Academy.

OMICRON electronics Corp. USA, 60 Hickory Drive, Waltham, MA 02145
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