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Introduction

1 Introduction

This Protection manual provides a detailed overview of the Protection Package
software as well as one or more specific test examples for each test module that
is part of the package.

> Detailed information about the individual test modules is found in their module-

@ specific online help systems. You are encouraged to use this reference first
whenever you have a question or need further explanation about a specific topic.
Start the online help by clickingthe HELP ToPics... commandonthe HELP
pull-down menu of the individual test module or tool.

If this does not meet your needs, please fax or e-mail your question(s) to us or
contact us directly by phone (refer to section "Contact Information / Technical
Support™).

For detailed information about the OMICRON Control Center (OCC), please
refer to the manual The Concept. The PDF file can be found at OMICRON Test
Universe installation path\Doc. You find a direct hyperlink to this manual in the
online help topic "User Manuals of OMICRON Test Universe". In addition, the
online help also provides detailed information about Control Center under the
table of contents entry --- OMICRON Control Center ---.

The Protection Package software provides full-range functionality to define and
perform comprehensive tests of any protective relay. It contains several
function-orientated test modules that can operate in stand-alone mode for
simple tests.

The test modules are designed to automate tests and provide automatic
assessments. To create complete multi-functional tests, all test modules can
also be embedded into an OMICRON Control Center document (test plan) once
or more. The OMICRON Control Center is the dominant automation tool taking
advantage of the document-oriented approch to testing.

@ Tip for new users: The QuickCMC test module is a good starting point to become
familiar with the Test Universe test software.
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Preface

We assume that you understand and are comfortable using the Windows™
operating system?. Please take time to become familiar with your computer's
operating system before using OMICRON Test Universe.

This manual uses the following conventions:

Mouse

Click Press and release the primary mouse button. The primary
mouse button is the button you use most often. For most
people, this is the left mouse button.

Right-click Press and release the secondary mouse button. The secondary

button is the button you use least often. For most people, this is
the right button.

Double-click  Press and release the primary mouse button twice.

Drag Move the mouse while you hold down the primary mouse
button.

Release Remove your finger from a mouse button.

Scroll Scroll bars along the right and bottom sides of a window can be

used to move the contents up and down and left and right within
the window. To use a scrollbar, either click and hold one of the
arrow buttons at either end of the bar, or drag the scroll bar
slider.

1. Windows is a US registered trademark of Microsoft Corporation.

10
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1.2 Scope of the Protection Package Software

The OMICRON Test Universe "Protection Package" contains:

Control Center (OCC) - Create Multifuctional Test Documents

g Control Center Automation tool, document-oriented test plan, template
and report form.

\E} Test Wizard Creates a new test document (test plan) in a quick and

easy manner. A sequence of dialog boxes guides the
user through the process of creating a new test
document.

Start from Start Page by clicking "Open Empty
Document..." or from Control Center by clicking the
Test Wizard icon.

pa

Control Center Helper Modules

Start any Helper Module from the Control Center by selecting the pull-down
menu item INSERT | TEST MODULE...

Pause Provides a special functionality to pause, stop or
m continue a Control Center test procedure. The Pause
Module is not visible from the Start Page but it can be
accessed through the OCC.

ExeCute Starts an executable program, a batch procedure or

opens a document that is associated with an
application. Allows launching an external application
out of a Control Center test document.

TextView Displays the contents of an ASCII text file. With

TextView embedded into an OCC document, the
contents of the text file are updated and displayed in
the OCC document during runtime, i.e., while executing
the test.

11
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Test Modules

Start a test module either in "stand-alone" mode from the Start Page or
embed it into the Control Center via INSERT | TEST MODULE...

2|

QuickCMC

With QuickCMC, a CMC test set outputs analog and
digital values statically. In addition, the CMC inputs
can be monitored and simple measurements can be
taken with the binary inputs. QuickCMC represents a
good starting point for new users.

Q@ Ramping

Variation of amplitude, frequency, and phase along a
staircase (or ramp) function. Automatic assessment
and reporting of pick-up / drop-off values.
Simultaneous ramps of two signal parameters (e.qg.
amplitude and frequency). Calculation of pick-up /
drop-off ratio. Automatic repetition of tests with
average calculation. Step back and zoom function for
higher resolution at the threshold.

Pulse Ramping

Testing of pickup values of multifunctional protection
relays with more than one protection function and/or
elements without reparameterization of the relay.

- State Sequencer

Output of a sequence of states. Can be used to
determine trip times or other time measurements with
automatic assessment. Permits setting of amplitude,
frequency, and phase of each generator in each single
state. Includes automatic report creation and Z Shot
function for distance applications.

] Overcurrent

Designed for overcurrent relays. Tests the operation
characteristic to verify the trip time with automatic
assessment. Includes automatic pick-up / drop-off test
and automatic report creation. Simulates phase-
ground, phase-phase, three-phase, negative
sequence, and zero sequence faults.

Autoreclosure

Testing of the autoreclosure function with integrated
distance protection fault model and distance XRIO
interface.

12
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Test Modules

B Distance Provides the functionality to define and perform tests
L= of distance relays by impedance element evaluations
using single-shot definitions in the Z-plane with
graphical characteristic display.

Definition of relay characteristics

A graphical editor makes the definition of the nominal
relay characteristics and settings quick and easy.
Start, trip, extended, and no-trip zones can be defined
by using predefined elements. A complete overview of
all defined zones is provided.

The standard XRIO interface, supported by various
relay manufacturers, makes it possible to directly
import the relay data from relays’ parameter setting
software.The impedance settings for the zones are
entered and displayed in primary or secondary values,
as chosen by the user.

Definition of tests

Tests are defined in the impedance plane: Test points
are added to a test point table with the mouse or by
entering from the keyboard. This table is separated
into several tabs, each tab belonging to a fault loop,
e.g., A-N (L1-E) , B-N (L2-E), C-N (L3-E), A-B (L1-
L2)... etc. Test points can be defined for several fault
loops at the same time (e.qg. for all single-phase loops)
or for every fault loop separately.

When atest is performed, the test point lists belonging
to the individual fault loops are worked off. The
reaction of the relay is compared to the specified
nominal settings and an assessment is made. The
results are displayed graphically in the impedance
plane as well as numerically in the test point table.

For a more in-depth analysis of the results, the
voltages and currents belonging to a test point and the
relays reaction (switching of output contacts) can be
graphically displayed. Time measurements by using
cursors are possible.

Reporting

Distance automatically generates a test report
containing the relay settings, the test settings, the test
points and the results in tabular and graphical form.

13
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Test Modules

Differential

Provides a compact testing solution for generator,
busbar, and transformer differential protection relays.
Performs single-phase tests of the operating
characteristic (pick-up value, slope test) and the inrush
blocking function (harmonic restraint test).

For the test of the operating characteristic, test points
are defined in the Idiff/Ibias plane either using the
mouse or entering from the keyboard. A graphical user
interface makes the test definition easy.

Differential also provides an appropriate testing
environment for testing the harmonic restraint
function. The amplitude of the fundamental and the
percentage of the superimposed harmonic can be
defined for each test point. The test currents belonging
to the test points are injected to the relay and the
reaction of the relay is assessed.

By inserting several Differential modules into an
OMICRON Control Center document, different fault
loops can be tested automatically.

CB Configuration

The test set CMC 256 offers a CB simulation that
emulates the action of the auxiliary contacts (52a /
52b) of a circuit breaker during tripping and closing.

CB Configuration configures the Circuit Breaker (CB)
simulation state machine in the CMC firmware. This
module automatically maps the routed binary input
and output signals to the simulation inputs and
outputs of the state machine.

14
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Test Tools
W TransPlay Plays back transient data (COMTRADE files) using a
CMC test set.
E Harmonics Creates a signal sequence consisting of a pre-signal
with fundamental frequency, followed by a signal with

definable spectral combination (all harmonics up to

3 kHz if supported by the connected hardware),
followed by a post-signal with fundamental frequency.
Harmonics can generate up to three currents and
three voltages, each with individual harmonics
composition.

@ Binary 1/0 Monitor Displays the status of all given inputs and outputs of

OMICRON CMB and CMC 256 hardware and all the
given inputs for all other OMICRON CMC hardware. It
can also display state changes of CMB and CMC 256
inputs.

I' Polarity Checker Determines if the polarity is correct by injecting a
special polarity test signal at a certain location. The

polarity check itself is then done with the accessory

CPOL, a portable easy-to-use polarity checker.

Overcurrent Supplements the Overcurrent test module. It helps to
Chracteristics extract overcurrent characteristics from graphical
Grabber representations. This is most helpful in cases where

the inverse-time characteristic is not known by a given
formula but only by a graphical representation, e.g. an
image in a relay manual.

Anx AuxDC Sets the auxiliary DC output of the CMC 256 test set

e or of a CMB binary input/output unit.

—& License Manager License browser, license merge tool and license file
editor.

15
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Additionals

Field Calibration
Software

Facilitates and automates the calibration and testing
of the OMICRON CM product line. The Field
Calibration Software runs calibration/test procedures
at test points specified by templates and checks
whether the test set is within the specifications. After
calibrating/testing a test set, the Field Calibration
Software provides a report summarizing the test
conditions and results.

CM Engine

Programming interface for software developers.
Provides full control over the functions of the
OMICRON test sets.

16
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2 QuickCMC

QuickCMC controls an OMICRON CMC test set in the way a front panel control
£ would do.

2|

You can output voltages, currents and frequencies statically or as ramped output
signals, work with binary (digital) outputs and inputs and take simple
measurements at the anlog inputs. Applications such as the manual testing of
an inrush blocking or a synchronizer function can be done with QuickCMC. It is
not necessary to start other modules like Ramping or State Sequencer to
perform quick manual checks.

There is no upper limit regarding the number of outputs (generators) that can be
controlled. In order to test a busbar protection, for example, a CMC 256 test set
and two CMA 156 amplifiers are connected. QuickCMC allows the simultaneous
control of all 16 generators.

QuickCMC represents a good starting point for new users.

17
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2.1

9

QuickCMC Features

Numeric or graphic control of analog CMC output values (absolute or relative
to nominal) for up to 16 voltage or current generators in terms of amplitude,
phase angle and frequency.

Integrated fault calculator for 2 or 3 phase networks introducing new set
modes of operation (setting of voltage and current generators directly or as
impedances, symmetrical components, powers and fault values).

Manual setting of binary outputs.
Display of measured values at the analog CMC inputs (x20 mA / £10 VDC).
Manual or automatic stepping of the analog output quantities.

Step function for all values accessible in the "multifunctional input gidl"
(i.e.,, powers, impedances, etc.).

Pulse ramp function as valuable enhancement of the step/ramp function.
Control of the step function by mouse wheel.

Measurement of binary input with status and timer, i.e., the first state
transition at any binary input after the last change of an output. Shows slope
and time.

"Switch off on trigger" feature to turn off the analog CMC outputs the moment
a trigger signal occurs at the binary input (with defineable delay time).

"Switch off on time" feature to set the maximum time span that has to elapse
before QuickCMC turns off the analog CMC outputs in case no trigger signals
occurs.

"Unit Manager" to switch the units between seconds and cycles, secondary
and primary values, absolute and relative.

"Prefault" button to output a prefault state at the analog CMC outputs,
i.e.,, nominal voltage (U = Unom) and zero current output (I = 0 A).

"Hold" button to switch from prefault to fault state.

Context menus for a quick setting of values.

Impedance plane for manual tests of distance relays.

Vector diagram to show the specified quantities graphically.
Vectors can be set in the Vector View by dragging with the mouse.
User-defined reports and assessment.

"Add to report" button to add all data and actual values at the time the trigger
signal occurs at a binary input to the test report.

For information on the "multifunctional input gid" and the fault calculator check the Test Universe
online help. Go to the index and enter "multifunctional...”.

18



QuickCMC

Example 1: Pick-up, Drop-off, and Trip Time

Sample file: Qui ckCMC_over current. gcm
Stored at:
...OTU installation path\Test Library\Samples\SW Manual Examples\Protection

Task

Test of the pick-up, drop-off and trip times for a generic overcurrent relay.
A report should be generated.

Given settings:

Pick-up: 12A
Pick-up / drop-off ratio: 0.9

Trip time: 300 ms.
Solution

With QuickCMC, OMICRON Test Universe offers a dedicated test module to
easily and quickly perform manual tests. Itis typically used in stand-alone mode,
although it can also be used as part of the OMICRON Control Center.

The difference between the operational modes "stand-alone" and "embedded"”
is explained in chapter 2 "The Test Universe Start Page” in the "Concept"
manual.

19
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2.2.1 Wiring Between Relay and the CMC Test Set

1. Connect the current inputs of the protection relay to the corresponding
current outputs of the CMC test set.

2. Connect the trip signal of the protection relay to Binary Input 1 and the pick
up (start) signal of the relay to Binary Input 2 of the CMC test set.
Figure 2-1:
CMC 256 test set,
front view

Connect to current Connect trip signal of relay to Binary
inputs of the Input 1, and pick up (start) signal of relay
protection relay to Binary Input 2

2.2.2 Starting QuickCMC

1. Launch the OMICRON Start Page.
2. Click "Quick CMC" in the Test Modules section.

d

@ If you open the above mentioned sample file Qui ckCMC_over current. gcm
and you want to make changes to the test object, hardware configuration or test
settings, you need to clear the test results first.

* | To do so, select TEST | CLEAR or use the respective toolbar button.

20
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2.2.3 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

In QuickCMC, open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clicking the "Test Object” button in
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

= A detailed description of Test Object and the closely related subject "XRIO" can
Q be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

1. Click"TEsST OBJECT" or select"PARAMETER | TEST OBJECT" to
open the dialog for the test object specific data.

2. Click to open the device folder or use the "EDIT" button.

3. Enter the protection relay (test object) and some general parameters on the
Device Settings tab.

4. Click Ok to close the device settings of the Test Object.

Why is there a Distance block in QuickCMC’s Test Object?

The concept of the OMICRON Control Center (OCC) is to centrally store test
object or substation data that can also be used by other test modules in Test
Object. Therefore, inserting a QuickCMC test module into an OCC document
behind a Test Object adds a Distance block to the Test Object.

If QuickCMC is started in stand-alone mode from the Start Page (i.e., not
inserted into an OCC document), Test Object also contains a Distance block.

This is because QuickCMC can use parts of the Distance Test Object, such as
e CT Starpoint connection

* The impedance diagram (all defined Distance zones of the test object)

* Line angle (in all set modes where angels are relevant)

* Line length (in the Z%- set modes)

21



OMICRON Test Universe

2.2.4 Configuring the Hardware

71 In Hardware Configuration you "configure" the used hardware components,
_| i.e., you reflect your actual hardware setup (the connections, the signal routing
etc.) in the software.

Y A detailed description of the Hardware Configuration can be found in the
Q "Concept" manual’s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.

1. Click "HARDWARE CONFIGURATION" or select 'PARAMETER |
HARDWARE CONFIGURATION" to open the Hardware Configuration.

2. On the General tab, click the "DETAILS... " button to open the Output
Configuration Details dialog box (as shown in figure 2-2), and select the
correct test set to reflect your actual configuration.

Click OK to confirm your settings and to close this dialog box.

Figure 2-2:
Output configuration Output Configuration Details 21|
details — CMC156 (EB330D) Voltage Dutput ~Vialtage Factor

w125y BOVA @ 125Y; 400mérms nda
12600 100A & 260 400mérms
131254 1000A &0 125Y: B00mdrms

i< not uzeds

Connect ¥T... Fremaye 4

— CMC156 [EB3300] Current Output: — Compliance Yoltage

A Nz Burden Ciuty Cycle
112, 54; 80V 58 B s B b e
Tx214; BAVA @ 214; 3.2 ms 1 | 3 N 9! shor
<not used: @_ @_ @_ @1
L—eN
L 3
2
1
low - | - continuous
100 %
Connect CT.. Fremayve CTj | Default |

QK I Cancel Help
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3. Select the Analog Outputs tab.

4. Define the displayed names for each current signal, i.e., IL1, IL2 and IL3 (or
IA, IB, IC,...).

Note that phase names can be preset in the System Settings, which can be
accessed from the Start Page.

5. Specify the connection terminal on the protection scheme in the column
"Connection Terminal".

6. Ensure that the wiring matrix is specified correctly, i.e., that IL1 of the relay is
connected to IL1 of the CMC test set.

7. Select the Binary / Analog Inputs tab.

8. Define binary input 1 as "Trip" and binary input 2 as "Start" (keep the
defaults).

9. Define binary inputs 1 - 4 as "Potential free" by selecting the relevant check
box. If wet contacts are used, the trigger level of each input can be specified
separately.

10.Click Ok to confirm your settings and to return to the QuickCMC Test View.
2.2.5 Entering the Default Currents

1. In the QuickCMC Test View, the main view to specify all required test
parameters, select the set mode "Direct", which enables you to directly
control the routed CMC generators in phase, amplitude and frequency.

2. In the field for the amplitude IL1, set a value of 1 A.

3. Right-click the field for the amplitude IL1 to open the context menu and select
EQUAL MAGNITUDES. This sets the currents of all three phases to 1 A.

Voltage amplitudes, phase angles and frequency are all entered in the same
way. In this example, however, the voltage fields are hidden, because the
voltage outputs were specified as "Not used" in the Hardware Configuration.

4. Right-click the vector diagram to open the context menu and select
"Optimize" to adjust the scaling. The vector diagram graphically displays the
voltage and current vectors.

5. Set the frequency of each channel to 50 Hz.

To output DC, right-click the frequency field. This opens the context menu.
Select "DC" . The phase angle fields will automatically be disabled.

6. If the computer is connected to a CMC test set, the status of the binary inputs
are shown on-line.

7. At"On Trigger", clear the checkbox "Switch off".
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8. To switch on the current outputs, click the F5 "Outputs ON/OFF" button on
the toolbar. This applies the set fault values to the CMC test set's analog
outputs and turns ON all selected binary outputs.

A red lightning symbol next to the button signifies the active outputs.

De-activating F5 "Outputs ON/OFF" button turns off the analog and binary
outputs. A transparent lightning symbol next to the button signifies the OFF
condition.

"F5" denotes that your keyboard's function key <F5> fulfils the same task as
clicking the button. Alternatively you can use the pull-down menu item
TEST |OuTPUTS ON.

Binary Outputs

This test example does not require any binary outputs. Nevertheless a brief
explanation for the sake of completeness:

Each one of the 8 Binary Outputs available on your CMC test set can be set to
OFF or ON. An OFF output (check box clear) provides a binary "0" signal to the
connected test object, and an ON output (check box selected) provides a binary
"1" signal.

A binary output may be set to ON at any time, however, its actual output
depends on the status of the analog outputs: only if any of the analog outputs
becomes active (by activating F5 "Outputs ON/OFF" or F8 "Set Prefault™), the
selected binary outputs provide an ON signal. If the analog signal output stops,
also the binary outputs shut off.

The number of available binary outputs and their routing are defined in the
Hardware Configuration.

If you use a CM ASB2 switching box, binary outputs 5 - 8 run CM ASB2.
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2.2.6 Running the Test

The target is to find the pick-up and drop-off value of the mentioned overcurrent
relay. This could be done either manually or by using the automatic ramping
function. Both possibilities are described here.

Step 1: Manually stepping the currents

At "Step/Ramp", select the current IL1 of the CMC as the "Output" to step.
As "Quantity", select to step the magnitude.

Specify a step size of 5 mA.

Specify a time per step of 500 ms

At "Binary Inputs/ Trigger", select the checkbox binary input 2, "Start".
Click the "Up" button until the relay picks up.

N o g s~ e

Monitor the binary input 2 where the start contact of the relay is connected.
When the relay picks up, the binary input 2 "Start" shows the pick up time,
and the value displayed in IL1 indicates the searched pick-up current of the
relay.

Note: If you keep the "Up" button "pressed" continuously, a step takes place
after the specified time. The time indicated is a minimum value and may have
a positive tolerance of approximately 200 ms. In Pulse Ramp mode, "Time"
is performed in real time and the "Reset" time may have a positive tolerance.

- Up / Down commands can also be issued with the mouse wheel. To do so,

"] H n n

ﬂ"' ,/.) click the mouse wheel button. It then appears "pressed". Now move your
mouse wheel forward/backward to increase/decrease the ramp. To turn off
the mouse wheel control, click the button once again.
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Step 2: Automatic ramping of the current

P wN

Set the current to nominal current, i.e., 1 A for all phases.
At "Step/Ramp”, specify a time per step of 500 ms.
Select the "Auto Step" check box.

At "Binary Inputs/ Trigger", select the checkbox binary input 2, "Start". That
way the CMC output ramp will stop when the "Start" signal occurs but the
outputs will stay on.

Click the "Up" button once.

Note: The current IL1 slowly ramps up at a rate of approximately 5 mA per
0.5 seconds. Also note how the "Up" button stays "pressed in". To stop the
automatic ramp, click the "Up" button again to de-select it.

As soon as any of the binary inputs pick-up or drop-off, the ramp will stop.
The outputs will stay ON when any of the binary inputs pick-up.

When the relay picks up, the binary input 2 "Start" shows the pick- up time
and the value displayed in IL1 indicates the searched pick up current of the
relay.

Press F10 or click the F10 "Add To Report" button if the results are to be
documented. Enter the corresponding test's title and comment if applicable.
Manually assess the test as either passed or failed by clicking the respective
button.

For detailed information on reporting please refer to section 5.2 "Test Reports”
on page 78 in the "Concept" user manual.

Step 3: Finding the drop-off value

1.

Click the "Down" button once. Note how the current IL1 slowly ramps down
at a rate of approximately 5 mA per 0.5 seconds.

Note: As soon as any of the binary inputs drops off, the ramp will stop again.
The outputs will stay on when any of the binary inputs trigger.

. The value displayed in IL1 after Quick CMC triggers indicates the drop-off

current of the relay and the binary input 2 "Start" shows the particular drop-
off time.

If the result should be documented press F10 or click the F10 "Add To
Report" button and enter the corresponding test's title and comment if
applicable. Assess the test manually as either passed or failed by clicking the
respective button.

Disable the "Auto Step" check box.

26



QuickCMC

Step 4: Using the Hold function
Multiple quantities can be stepped at once (e.g., simulation a 3-phase fault):

1. Specify the default current configuration, i.e., the prefault current.

2. Click the F9 "Hold" button or select TEST | HOLD VALUES to freeze the
outputs of the CMC in the current configuration.

As long as the analog outputs are switched on (F5 "Output ON/OFF"), any
change of an analog output value and/or a binary output state is applied
instantly. Activating F9 "Hold", however, allows you to change multiple
analog values and/or binary output states that will not be applied to the
outputs until you click F9 "Hold" once more to release it.

"F9" denotes that your keyboard's function key <F9> fulfils the same task as
clicking the button.

3. Enter the current of the new fault state, e.g., IL1 = 2 A.

4. While pointing at the field for the amplitude of IL1, click the right mouse
button. On the context menu, select EQUAL MAGNITUDES. Note that the
values on the outputs of the CMC are not automatically updated.

5. Click the F9 "Hold" button. The CMC outputs are updated instantaneously
with the new values specified for IL1, IL2 and IL3.

Step 5: Performing a trip time test using the Hold function

The timing functionality in the QuickCMC records the time from the last change
applied to any of the outputs until any of the binary inputs pick-up or drop-off.

The "last change applied" can be the manual change applied to a voltage
amplitude, current amplitude, phase angle, or frequency, binary output, or any
of the values from the set mode section. These quantities can be stepped
manually, switched on or off, or held. If an automatic ramp is running, the time
from the last step change, i.e., the last time the step quantity was changed, is
displayed.

1. Specify nominal currents for all three phases.

2. At"On Trigger" select the checkbox "Switch off". Also select the trigger
checkbox at the binary input "Trip" to have the CMC switch off when the trip
occurs. Clear the trigger checkbox for the binary input 2 "Start".

3. Click the F9 "Hold" button.
4. Increase all currents to 2 A.
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5. Click the F9 "Hold" button once more.

Note: The timing function only works in the on-line mode, i.e., connected to
a CMC test set.

6. The trip time of the relay as well as the binary input which triggered is then
shown in the "Binary Inputs" field.

7. If the result should be documented press F10 or click the F10 "Add To
Report" button and enter the corresponding test's title and comment if
applicable. Manually assess the test as either passed or failed by clicking the
respective button.

For detailed information on reporting please refer to section 5.2 "Test Reports”
on page 78 of the "Concept" user manual.
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Example 2: Distance Relay - Zone Reach and
Trip Time

Sample files:

* Qui ckCMC-Di stance. qcm

e« Qui ckCMC- Di st ance. ohc

e QuickCMC-Di stance.rio

Stored at:

...OTU installation path\Test Library\Samples\SW Manual Examples\Protection

Task

The zone reach and the trip time of zone 1 of a distance relay need to be tested.
The used distance relay in this example is an Alstom PD 552. The testis
performed manually ss just a quick check is needed. A report should be
compiled.

The following settings are given:

Zone reach on imaginary X-axis: 6,77 Ohm

Trip time of zone 1: O0s
Trip time of zone 2: 250 ms
Trip time of zone 3: 500 ms
Solution

With QuickCMC, OMICRON Test Universe offers a dedicated test module to
easily and quickly perform manual tests.

QuickCMC offers the advantage, that it is simple to operate, yet provides the
functionality to independently adjust up to 16 voltage or current generators in
terms of amplitude, phase angle and frequency, to manually step or
automatically ramp / pulse ramp all quantities and to perform simple timing tests.
A vector diagram shows the specified quantities graphically. Also a reporting
function is incorporated.

QuickCMC is ideally used in stand-alone mode, although it can also be used as
part of the OMICRON Control Center.

29



OMICRON Test Universe

2.3.1 Wiring Between the Relay and the CMC

1. Connect the relay inputs of the protection relay to the corresponding current
and voltage outputs of the CMC test set.

2. Connect the trip signal of the protection relay to Binary Input 1 and the pick
up (start) signal of the relay to Binary Input 2 of the CMC test set.

Figure 2-3:
CMC 256 test set, Connect to voltage
front view inputs of the

protection relay

Connect to current Connect trip signal of relay to Binary
inputs of the Input 1, and pick up (start) signal of
protection relay relay to Binary Input 2

(group B may not apply)

2.3.2 Starting QuickCMC

1. Launch the OMICRON Start Page.
2. Click "QuickCMC" in the Test Modules section.

2|

@ If you open the above mentioned sample file Qui ckCMC- Di st ance. gcm and
you want to make changes to the test object, hardware configuration or test
settings, you need to clear the test results first.

* | To do so, select TEST | CLEAR or use the respective toolbar button.
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2.3.3 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

In QuickCMC, open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clicking the "Test Object" button in
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

= A detailed description of Test Object and the closely related subject "XRIO" can
@ be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

1. Click"TEsT OBJECT"or select"PARAMETER | TEST OBJECT" to
open the dialog for the test object specific data.

2. Click to open the device folder or use the "EDIT" button.

3. Enter the protection relay (test object) and some general parameters on the
Device Settings tab.

4. Click OK to close the device settings of the Test Object.

2.3.4 Defining the Test Parameters
Determine the reach of zone 1:

1. In the QuickCMC Test View, the main view to specify all required test
parameters, select the set mode "Z-I const.".

2. By default, the tault type is set to "A-N" (L1-E) and the test current to 1 A.

3. Inthe Impedanve View (VIEW | IMPEDANCE VIEW), place a shot outside
zone 3 on the imaginary X-axis in order not to cause the distance relay to trip
in zone 2 or 3.

4. In Test View, at "On Trigger" select the option "Switch off".

5. At "Binary Inputs/ Trigger", clear the checkbox binary input 1, "Trip". That
way, the CMC test set switches off when the tip occurs.

For the CMC test set to pulse ramp the impedance, the QuickCMC's Pulse
Ramp function is used in order to prevent Zone 2 and Zone 3 from tripping.

Pulse ramping generates a sequence of pulses (each pulse width
representing the fault time) with an increasing (or decreasing) step size. In
between two consecutive ramp pulses a "reset" state is inserted (U = UN, | =
0). Therefore, a pulse ramp is actually a ramp that is interrupted after each
pulse for a defined period of time.

6. Select the options "Auto Step" and the "Pulse Ramp" to enable this function.
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7. Inthe "Step/Ramp" section of the QuickCMC Test View, set the output to

"XFault", quantity to be varied to "Magnitude", size to "0.1 Ohm", Time to
"100 ms" (to avoid trip in zone 2 or 3) and Reset time to "300 ms".

2.3.5 Running the Test

Figure 2-4:
Pulse Ramping with
QuickCMC

1. To switch on the currents outputs, click the F5 "Outputs ON/OFF" button on

the toolbar. This applies the set fault values to the CMC test set's analog
outputs and turns ON all selected binary outputs.

A red lightning symbol next to the button signifies the active outputs.

2. Click the "Step Down" button. The output impedance value will be pulse-

ramped in the specified 100 mOhm steps. Once the relay's trip occured (in
this example at 6.8 Ohm), the trip signal of the relay is interpreted at the
CMC's Binary Input 1 as the trigger, and the CMC will be switched off. The
impedance reach is thus determined with 6.8 Ohm.
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Click the F10 "Add To Report" button and enter the corresponding test's title
and comment if applicable. Manually assess the test as either passed or
failed by clicking the respective button

For detailed information on reporting please refer to section 5.2 "Test
Reports” on page 78 of the "Concept" user manual.

. At "Set Mode", change the mode to "Z%-1 const." for defining a relative shot
to ZL1E to determine the trip time of zone 1.

. Set Z% to "50% of ZL1E" (or ZAN) and PhiZ to the "68°" (68° refers to the
line angle and can be selected on the context menu).
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Figure 2-5:
Trip time of zone 1

F10

6. Turn on the CMC's outputs by clicking the F5 "Outputs ON/OFF" button.The
measured trip time of 58.60 ms reflects the inherent time of the distance relay
as the trip time of zone 1 is set to 0.
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7. Click the F10 "Add To Report" button and enter the corresponding test's title
and comment if applicable. Manually assess the test as either passed or
failed by clicking the respective button.

Note: Some distance relays require a prefault condition for testing. An easy
way to simulate a prefault condition is to switch to Direct Mode first. There a
regular load situation (prefault) can be defined by use of the context menus.
Afterwards the F9 "Hold" button needs to be clicked before changing to one
of the Z-modes. In the Z-mode a shot can be defined and then be released
by the F9 "Hold" button again.

Application Hint:

As itis not possible to switch on the CMC and to start the pulse ramp at the same
time, it is necessary to put the starting point of the pulse ramp outside zone 3 to
determine the reach of zone 1. This is obviously a little bit time consuming in
comparison to the possibility of starting the pulse ramp close to the reach of
zone 1.

Therefore, the following function is implemented in QuickCMC. The starting
point of the pulse ramp can now be set just outside of zone 1 in zone 2. By
pressing "Shift" on the keyboard and clicking the "Step Down" button at the
same time, CMC will start immediately with the pulse ramp.

By using this new function, it is not necessary anymore to start the Pulse Ramp
outside zone 3 for determining the reach of zone 1.

33



OMICRON Test Universe

34



3 Ramping

@@ The Ramping test module provides the user with a versatile tool for defining
various types of ramp tests using a CMC test set. Its main field of application is
the measurement and assessment of threshold values.

Two functions of any signal combination can be ramped simultaneously with up
to five ramp states (depending on the ramp characteristics). For each ramp
state, Ramping is able to perform an unlimited number of measurements, which
are automatically assessed according to user-defined tolerance parameters.

3.1 Ramping Features

The most significant features:

« 5 predefined ramp characteristics of different complexity (1...5 ramp
states per characteristics).

« Simultaneous ramping of two output signal combinations possible
« Ramping of superimposed signals

» Every ramp state is executed by the CMC in real time

e Minimum step time of 1ms

e Ability to perform an unlimited number of measurements for each
5individual ramp state via binary inputs of the CMC

« Automatic assessment of test points with each single one displayed

« Automatic assessment of calculated quantities, e.g., pick-up / drop-off
ratio, or maximum torque angle

« Automatic test repetition with statistic calculations
< Binary output signals definable for each of the five ramp states
e All CMC output values displayed in real time during test

« Ability to define static output conditions for the non-ramped CMC outputs
for each single ramp state
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A wide variety of tests can be performed using the Ramping module. The
following are a few examples:

* Relay pick-up test

* Relay drop-off test

* Pick-up / drop-off ratio

» Directional test

« Synchronization test (synchro-check)
« Voltage regulator test for transformers

» Voltage regulator test for generators

Ramping provides 5 different views:

* Test View
¢ Detail View
*« Measurement View

* Report View

i @ |3 |3 |68

« Signal View

3.1.1 Test View

== In Ramping’s Test View, you can select the shape of the ramp and set the

El individual ramp parameters. Furthermore, in the Test View you can set the
number of test repetitions and enable the "Average Calculation" feature. This
feature carries out a mean value calculation by adding the measured actual
values of each ramp state and dividing them by the number of ramp executions.
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3.1.2 Detall View

m In the Detail View you can:

« set the static values (magnitude, phase angle and frequency) of the non-
ramped analog CMC outputs for each individual ramp state.

» activate or deactivate the binary outputs and the transistor outputs of the
CMC test set during the execution of the individual ramp states.

» setindividual stop conditions for each ramp state (trigger).

@ Note regarding the phase setting "Force absolute phases" on the Detail View's
Analog Out tab:

Because it is not likely for a ramp state transition to take place exactly at the
signal's zero-axis crossing, phase jumps can occur at the transition from one
ramp state to the other. In order to avoid such a phase jump, the execution of
the ramp state is stopped at this point by one of the specified options.

In this case, the Ramping module adds by default the phase angles at the
moment when the execution was stopped to the user-defined start values of the
subsequent ramp state.

However, for certain applications it may be necessary for a ramp state to start
with absolute phase angle values (i.e. the user-defined values), regardless of
the actual phase angle values of the preceding ramp state. To do so, the feature
"Force absolute phases" has to be enabled.

5 For a more detailed description, please refer to the online help. Open the online
Q help, click the "Testing with Ramping" entry in the table of contents and navigate
to "Detail View | Analog Out Tab Details | Force Absolute Phases" .

3.1.3 Measurement View

The Measurement View is divided into two tables. The upper table serves to
define the measurement conditions and to display the test results; the lower
table serves to define calculations of signal relations, e.g., the pick-up / drop-off
ratio.

During the output of a ramped signal, an unlimited number of measurements can
be performed. The ramp parameters are set independently from the
measurement settings. User-specified conditions in the upper table start the
measurements, a likewise user-defined trigger stops the ramp (set on the
Trigger tab of the Detail View).

The measurement is an optional feature. It is not necessary to specify
measurement conditions to output a ramped signal.
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3.1.4

3.1.5

i

If no ramp, no condition or no signal was selected, the measurement is invalid,
and nothing is measured during the ramp output. If no nominal value or no
tolerance value was set, the measurement is performed but not assessed. The
measured value, however, can still be used for a calculated condition, such as
ratio.

Report View

The Report View displays the test document with data and the assessment
results from testing.

Signal View

The Signal View displays the ramp state definition as well as the output ramp
states in real-time with the responses acquired on the binary inputs.

The time and signal values can be determined by two markers (cursor sliders).

The displayed values are r.m.s. values in volts for the magnitudes of voltage, in
ampere for the magnitudes of current, in degrees for the phase angles, and in
Hertz for the frequency.

A context menu allows the following:
» Showing or hiding certain diagrams of the view
» Showing or hiding certain signals in a diagram

e Zooming

Additional Functions in the Signal View

» Marker (cursor slider)
The sliders act as anchor points for the measuring cursors.

In addition they are used to move the cursor horizontally along the time
axis. This is done either by using the cursor arrow keys of the PC
keyboard or by clicking and dragging with the mouse to the position of
your choice. If you prefer to use the cursor arrow keys on your PC
keyboard, use the <Tab> key or <Shift> + <Tab> to switch between the
cursor sliders.
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* Cursor Data dialog box

The Cursor Data dialog box appears every time the Time Signal View is
active. This dialog box displays the positions of the cursors 1 and 2 on the
time axis and the time difference At between the cursors. Furthermore the
corresponding values of the signals are also displayed in the Ramping
test module.

Instead of moving the cursors along the time axis as described above you
can also enter the cursor positions directly into the corresponding input
fields. The value At is a pure display value and cannot be overwritten.

Note: The cursors "stick" at the events to ease the definition of their
positions.

* Ramp state transitions

Ramp state transitions from one ramp state to another are represented by
vertical lines which are displayed in all diagrams of the view. The ramp
states section displayed at the top of the view shows the transitions from
one ramp state to the next. Each ramp state transition is designated with
the name of the ramp state which starts at that point. This means that the
first ramp state transition is displayed at position t = 0s and named
"State 1".

* Ramped quantity

The changed signal quantities are displayed as a time function in a
diagram. A different line format is used for each quantity that is changed.
The assignment between line type and generator output is displayed at
the bottom of the diagrams. If more than one quantity is changed
simultaneously, an additional ordinate with a corresponding scaling is
displayed for the second quantity on the right hand border of the diagram.
The displayed values are effective values standing in volts and ampere for
the magnitudes of voltage and current, in degrees for the phase and in
Hertz for the frequency.

e Binary output signals

The binary output signals are labeled with the designations assigned in
the hardware configuration. The binary state O is represented by a thin
line and the binary state 1 is represented by a stylized rectangle.

e Binary input signals

Like the binary output signals, the binary input signals are also labeled
with the designations assigned in the hardware configuration. The binary
state 0 is represented by a thin line and the binary state 1 is represented
by a stylized rectangle.
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Figure 3-1:

3.1.6

Ramping navigation

toolbar

2

Navigation Toolbar

M avigation B

Hl(ll State 1 )lbll

The navigation toolbar is used to move between the various consecutive ramp
states.

For a more detailed description, please refer to the online help. Open the online
help, click the "Menus, Toolbar, Status Icons" entry in the table of contents and
navigate to "The Navigation Toolbar".
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3.2 Example: Pick-up Test for a Generator
Protection

=, Sample file:
Ranpi ng- Gener at or _Frequency_Prot ecti on. occ

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

/ Task

The tester's job is to secondary-test the generator (frequency) protection
7UM511 (Siemens relay) at a power station as part of a main test. Of particular
interest is to test the pick-up / drop-off value of the first generator protection
stage which has a parameter setting of 49.5 Hz.

\/ Solution

This is performed using the Ramping test module.
3.2.1 Considerations Prior to the Test

1. To carry out a pick-up / drop-off test for a generator (frequency)
protection, you have to define two consecutive ramp states in the
Ramping test module.

* Ramp state 1: Ramp state from 50 Hz to 49 Hz for the pick-up test of
the generator protection.

« Ramp state 2: Ramp state from 49 Hz to 50 Hz for the drop-off test.

2. You can automate the assessment of the pick-up / drop-off values by
entering the nominal values of the generator protection (49.5 Hz for pick-
up or 49.52 Hz for drop-off) and the corresponding tolerances (+0.01 Hz).

During the test, the Ramping test module analyzes and evaluates whether
the measured values are within the defined tolerance band and assesses
the test with "passed" or "failed". All entered values and the measured
values are recorded automatically to allow a detailed view of the test
process after completion of the test.

3. If you have to perform only one test, it may be advantageous to start the
Ramping test module as a stand-alone program (without having started
the OMICRON Control Center (OCC) previously).
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Normally all the available protection functions of a relay are tested

sequentially. For these cases, it makes more sense to copy and embed
the test module multiple times in the Control Center test document. The
settings for each copied test module can be modified for a specific test.

Then the OMICRON Control Center can sequentially process all the tests
in the test document.

In the following example, the Ramping test module is embedded in a test
document of the OMICRON Control Center.
3.2.2 Wiring Between Generator Protection and CMC

1. The start of the first generator protection stage is attached to a particular
contact of the relay. Connect this contact to the binary input of the CMC
using suitable test cables. In the example the binary input BinInl is used.

2. Connect the current and voltage inputs of the protection relay to the
corresponding current and voltage outputs of the CMC test set.

Figure 3-2:
CMC 256 test set, Connect to voltage
front view inputs of the

protection relay

TTER ]

Connect to current Connect the relays’ contact for the start
inputs of the of the first generator protection stage
protection relay signal to Binary Input 1.
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3.2.3 Starting Ramping from the OCC

Start the OMICRON Control Center from the Start Page by clicking OPEN
EMPTY DOCUMENT. Insert Ramping into the OCC document by selecting the
menu item INSERT | TEST MODULE... |OMICRON RAMPING.

3.2.4 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

Y A detailed description of Test Object and the closely related subject "XRIO" can
@ be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

3.2.5 Configuring the Hardware

Configure the hardware according to the wiring described in section
El 3.2.2 "Wiring Between Generator Protection and CMC”.

> A detailed description of the Hardware Configuration can be found in the
Q "Concept" manual’'s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.
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3.2.6 Defining the Test

Step 1: Inserting the Ramping test module into the test
document

[

1. Click the Ramping icon in the test modules toolbar
or

. selectINSERT | TEST MoDULE or click the appropriate icon and then
select "OMICRON Ramping".

|52
-
N

Step 2: Defining the ramp states

1. Inthe Ramping module's Test View, define two consecutive ramp states
by clicking the corresponding icon DuAL RAMP (figure 3-3, 1).
Figure 3-3:

Ramp Settings tab
p g Ramp States | Genelall

Signal1 @ Function @ Steps State Time

[ansignals =] |Frequency x| [1001 2002005

Ramp From To Delta dt d/dt Stop conditi
State 1 50.00 Hz 49,00 Hz | -1.000 mHz 200.0 mg [-5.000 mHz/s | Trip 0-=1
State 2 49.00 Hz 50.00Hz | 1.000mHz 2000 ms | 2000 mHzs | Trip 1-=0 ‘

@ 66 e 0 O

®

$>\>|\

2. Asshown in figure 3-3, define the output frequency (3) of all signals (2) as
the function to be ramped.

3. Ramp state 1 has to perform the pick-up test of the generator protection
at 49.5 Hz.

e Consequently its frequency range is ramped from 50 Hz (4) to 49 Hz

(5).
« The step size Af of the signal is defined with 0.001 Hz (6).

« The step time At shall be greater than the tripping time of the relay. In
the example At was selected with 0.200 s (7).

« This results in a ramp state with a differential change df/dt (8) of
0.001 Hz/0.2 s = 0.005 Hz/s.

Note: Instead of changing the step size Af, you can also input the
differential change of the ramp state df/dt directly into the input field
(8).
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4. Ramp state 2 is defined in the same way but the ramp state 2 parameters
have to be opposed to ramp state 1.

5. The defined ramp states are automatically displayed in the Signal View.

Figure 3-4:
Signal View for the ] L}
defined ramp states .
‘State 1 State 2
i |
Sig1/Hz =
49,80 3
4965 =

49,35 2

43202 o5 B 75 100 125 15 g0 275 300 35 ;|0 VS

49,05_: 1 1 | | 1 1 1 | 1 1 1 | | 1 .
&l Signals —— |

Start ; : I

Step 3: Defining the static output values

All values that are static during the output of the ramp state are defined on the
Analog Out tab in the Detail View of the Ramping test module.

The ramped values are shown on a grey background; the static values are
shown on a yellow or white background. You can edit the static values manually
by overwriting them.

Figure 3-5:

Display of the static and - -

the ramped output Binary Dutl Tnggerl
signals Ramp state 1

V L1-E IR o.ooe 50.000 Hz
VL2-E IR -12000° 50.000 Hz
V L3-E IR 12000° 50.000 Hz

IL1 1.000 4 o.ooe 50.000 Hz
1L2 1.000 4 -12000° 50.000 Hz
1L3 1.000 4 12000° 50.000 Hz
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Figure 3-6:
Navigation toolbar of the
Ramping test module

Figure 3-7:
Trigger tab of the Detall
View

2

Step 4: Defining the trigger conditions

You have to inform the test module which contacts (i.e. binary inputs of the
CMC) react to the pick-up or drop-off of the relay.

In the example, the start contact is connected to binary input 1 of the CMC and
is named "St_UnderFreq".

1. Select the Trigger tab in the Detail View (figure 3-7).

Please note that the trigger condition has to be defined individually for
each ramp state.

Use the navigation toolbar to change between individual ramp states.

M avigation x|

Nldll State 1 Plbll

2. During ramp state 1, the start contact should close, i.e. switch from state
"0" to state "1". Consequently, you have to set the binary trigger condition
St_UnderFreq = 1 for ramp state 1 on the "Trigger" tab.

3. Set the binary trigger condition St_UnderFreq = 0 for ramp state 2.

gﬂ'Detail Yiew: Rampingl | - | Ellll

Analog Dut I Binary Out  Trigger |
— Stop Condition Famp State 1

' [Mone)

' Binary trigger

" Key Preszed Wefire [metiustian... |
™ Step Back

Delay After Trigger: I 0.000 5

— Binary Trigger Condition
Trigger Logic: €~ AND « 0OR

Inpu‘t| Dizplay Hame |State|
1 ST_UndetFreg [ o |

The feature "Step Back" enables a sub ramp to be executed which makes
it possible to find pick-up values in a quick and exact manner. For a more
detailed description, please refer to the online help. Open the online help,
click the "Testing with Ramping" entry in the table of contents and
navigate to "Detail View | Trigger Tab Details | Step Back" .
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Step 5: Defining the nominal values and tolerances

Change to the Measurement View. This View is divided into two tables. The
upper table serves to define the measurement conditions and to display the test
results; the lower table serves to define calculations of signal relations.

During the output of a ramped signal, an unlimited number of measurements can
be performed. The ramp parameters are set independently from the
measurement settings. User-specified conditions in the upper table trigger the
measurements.

The measurement is an optional feature. It is not necessary to specify
measurement conditions to output a ramped signal. If no ramp, no condition or
no signal was selected, the measurement is invalid, and nothing is measured
during the ramp output. If no nominal value or no tolerance value was set, the
measurement is performed but not assessed. The measured value, however,
can still be used for a calculated condition, such as ratio.

Figure 3-8, column "Act.”, shows the value of the ramped function at the moment
the trigger condition is fulfilled.

Figure 3-8:

Measured Values and J.-"'—I]MI[:HI]N Ramping - [Measurement Yiew: OMICRON Ramping in Ramping-Generator_Frequency_Protection.occ]

assessment of each [B&l File Edit “iew Test Paameters ‘Window Help =1 |
ramp state || w| ®| B|=ofE | 8w x| »[=]o]x] 2%
1] 4|| State 2 blN |
[& o] 0 [as ]
Ramp Measurements
Hame Ramp Condition Signal Hom. Dev.- Dev.+ Act. Dev. | Assessment
1 |State 1 State 1 St_UndetFreg 0-=1 Al Signals 4950 Hz 10.0 mHz 10.0 mHz 48.498 Hz -0.001 Hz | gk
2 |State2 State 2 St_UnderFreq 1-=0 | Al Signals 4952 Hr 10.0 mHz 10.0mHz| 45.525Hz 0.005 Hz | g
Calculated Conditions
Hame | Calc. ‘ X | hi | Hom. ‘ Dev.- | Dev.+ ‘ Act. | Dev. ‘ Assessment
1_|Ratio [xre | Stete 2 |state 1 | 1.0000 | 001 | 001 | 1.0005 | 0.005 | 4+
For Help, press F1 W m &

An automatic assessment of the measured pick-up and drop-off values is
performed when a nominal value and tolerances are entered.

Figure 3-8 shows the nominal and the actual values as well as the automatic
assessment after a performed test.
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3.2.7 Running the Test

You can start the actual test after you have finished the input of the relevant data
and performed the necessary settings.

[ | 1. To start the test, click the START icon in the toolbar of the Ramping test
module.

2. After the test is complete, the result in the Measurement View will look
similar to figure 3-8.

3. The test results are also displayed in the Signal View (figure 3-9).

Figure 3-9:
Testresults displayed in ¥ Signal View:OMICRON Ramping in Ramping_Getting_Results_Example.... [H[=] E3
the Signal View

State 1 State 2 I
I ; | :

Sig 1/Hz
43,80
43,65
43,50
43,35
43,20
43,05

25 50 75 100125 15 50 275 300 325 w0 VS
1 1 1 ]! 1 1 1

| | Il | |

All Signals

St_UnderFreq |—| : —l

Cursor Data

Pos. Sig. 1

Cursor 1 II1DD,8292 z I 49,496 Hz

Cursor 2 l|305,80?0 - I 49527 Hz
Delta |2D4,9???s I 0,031 Hz

3.2.8 Defining the Test Report

Select PARAMETERS | REPORT. Adialog box appears where you can define
the scope of the report.

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Select VIEw | REPORT to display the test report.

2 @

48



Pulse Ramping - Introduction

4 Pulse Ramping

J- The test module Pulse Ramping provides functionality to ease the testing of
pick-up values of a multi-functional protection relay with more than one
protection function and/or elements.

To do so, Pulse Ramping generates a sequence of pulses (each pulse width
representing the fault time) with an increasing (or decreasing) step size. In
between two consecutive ramp pulses, a "reset" state is inserted. Therefore, a
pulse ramp is actually a ramp that is interrupted after each pulse for a defined
period of time. The ramp pulses are increased by the step size as long until the
ramp either reaches its maximum value or the pick-up threshold (depends on the
setting "Stop Ramp on measurement" on the Test Conditions tab).

Figure 4-1:

A typical pulse ramp

LY

l_’7 »
F I
) o+ »

reset time fault time

Pulse Ramping does not require one or more start contacts to be wired to the
CMC, all measurements can be done using the trip contact. Therefore,
parameterizing and wiring of start contacts are not required. Furthermore, Pulse
Ramping determines all pick-up values of a multi-functional relay without the
necessity of disabling interfering relay elements.

The fault time must be set just long enough for the function under test to trip. The
other function(s) of the protection relay, the ones that have a longer trip time than
the function under test, will not trip. After each fault pulse, a reset state resets
the relay. Therefore, the duration of the fault time actually determines the
function and/or element of the protection relay to be tested. The fault time must
be set longer than the trip time of the function under test but shorter than the trip
times of the upstream protection elements.

The reset time must be long enough for the relay to properly reset.

A pulse ramp can be generated on one or more CMC current or voltage
output(s), ramping any CMC output quantity of your choice: magnitude,
frequency or angle. This way, A-N (L-E), A-B (L-L) and A-B-C (L-L-L) faults can
be simulated.

The following example shows a typical application example of Pulse Ramping.
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Example: Pick-Up Test I>> Element of a
Multifunctional Generator Protection Relay

Sample file: Pul seRanpi ng_7UMb11. pra

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Task

Commissioning the multifunctional generator protection relay 7UM511
(SIEMENS). Among other test points the tester has to determine the pick-up

value of the instantaneous overcurrent element I>>. Itis not permitted to change

any settings at the relay for testing purposes. The test is done with the trip

contact.

Relay settings:

CV/VT Data
Nominal Current Secondary 1A
Nominal Current Primary 1000kA
Nominal Voltage Secondary 100V L-L
Nominal Voltage Primary 10500V L-L
Protection Function Pick-up Trip time
511> 1.2A 3s
50 I>> 2.5A 100ms
32 Reverse Power -1% of nominal power 10s
46 Negative Sequence Overcurrent | 60% 3s
27 V< 75V L-L 15s
40 Loss Of Field Al1=04 5s
al=280°
A2=0.35
a2=90°
40 Loss of Field Instantaneous A3=11 15s
a3 =90°

50




Pulse Ramping - Working Example

4.1.1 Wiring between Protection Relay and CMC Test Set

1. Connect the current and voltage inputs of the protection relay to the
corresponding current and voltage outputs of the CMC test set.

2. Connect the relay’s trip contact to the CMC test set’s Binary Input Binin1.

Figure 4-2:
CMC 256 test set, Connect to voltage
front view inputs of the

protection relay

Connect to current Connect trip contact of protection relay to
inputs of the Binary Input 1.
protection relay

4.1.2 Starting the Pulse Ramping Test Module

Start the Pulse Ramping test module in stand-alone mode from the OMICRON
Start Page by clicking Ramping... | Pulse Ramping.

4.1.3 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object

parameters.

> A detailed description of Test Object and the closely related subject "XRIO" can
Q be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.
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4.1.4

9

4.1.5

Table 4-1:
Ramp parameters to set

Configuring the Hardware

In the Hardware Configuration reflect the wiring as described in 4.1.1 "Wiring
between Protection Relay and CMC Test Set”:

« 3currents (here: 1A, 1B, IC)

« 3voltages (here: VL1, VL2, VL3)

< and the trip contact (binary input "Trip").

A detailed description of the Hardware Configuration can be found in the
"Concept" manual’s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.

Defining the Pulse Ramp

Step 1: Setting the ramp parameters

In Pulse Ramping’s Test View, select the Ramp Parameters tab, and define a
ramp according to the following table:

Field Value Comment

Output(s) 1A The test is made for fault loop |A-N (IL1-E)
Quantity Magnitude We ramp the current magnitude

Reset 1A After each pulse the relay will reset because it

detects normal operating conditions
(nominal current).

From 2,4A We know the pick-up should be around 2.5A

To 2,6A

A 10mA We are satisfied with an accuracy of +- 10mA

Reset Time |2s The relay will be reset if it sees hominal
operating conditions after the fault for at least
2s

Fault Time |200ms t>> is 100ms. Therefore, 200ms will be

sufficient to cause the relay to trip for the I>>
function, however, it will not cause a trip for
any other function.

Measure On | Trip 0>1

Nom 2.5A This is the expected pick-up value.
Tol+ 20mA 2.52A is the upper tolerance limit.
Tol- 20mA 2.48A is the lower tolerance limit.
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Figure 4-3:

Pulse Ramping Test
View. On the Ramp
Parameters tab the
pulse ramp is defined

,_JﬂTesl View: Pulze Bampingl
Ramp parameters | Analog outputsl Binary outputs I Test conditions I
—Ramp
Outpuitis): 12 hd Quartiy: I Magnitude ¥ I
Reset: Frarm: To Steps:
| toooa | 2s00s | ze00a | 21
| A
| 1000ma
£l
—
Feset time: Fault time: I ax. duration:
| 2.000 5 | 2000me [ 40,205
— Measurement
Measure o Hom | Tol + | Tol - | Act | Dev | Asse:
Trip 0=1 || 2,500 & | 20,00 ma, [20,00 ma, | | |
4| | i
™ Use relative tolerance: Time at measurement: I
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Figure 4-4:

The Analog Outputs
tab showing IA as the
ramped output

Step 2: Setting the analog outputs

On the Analog Outputs tab set the values of the CMC's static analog outputs,
i.e., the outputs that are not ramped. The analog output values are set
independently for the reset state and the fault state.

Ramp parameters  Analog outputs | Binary outputsl Test cnnditionsl

Reset state Fault state
VL1-E TR o,0o00" 50,00 Hz 0,000 % o,0oo" 50,00 Hz
VL2-E TR “1z200° 50,00 Hz TR -1200° 50,00 Hz
VL3-E TR 1200°" 50,00 Hz TR 1200° 50,00 Hz
1L1 1,000 & o,0o00" 50,00 Hz 2400 & o.0oo" 50,00 Hz
1L2 1,000 & “1200° 50,00 Hz 1,000 & -1200° 50,00 Hz
1L3 1,000 & 1200°" 50,00 Hz 1,000 & 1200° 50,00 Hz

In this example, the magnitude of A is ramped, therefore the values of all
magnitudes but IA can be set here.

Since the relay needs to reset properly, the Reset state is set to 3-phase nominal
current (1LA) and nominal voltage (57.73V).

The Fault state simulates an A to earth fault. Therefore, IB and IC are kept at
nominal current. For the voltages we assume that the fault causes VA-N (VL1-E)
to drop to 0V with VB-N (VL2-E) and VC-N (VL3-E) remaining at nominal
values.

Binary outputs

Binary outputs are not required for this test.

Test Conditions

The settings on the Test Conditions tab are left at their default settings. This
results in an immediate start of the test as soon as the PLAY button is pressed,
and a stop of the ramp if the trip occurred.
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4.1.6 Running the Test
- To start the test, either left-click the PLAY button or select the pulldown
Ll menu item TEST | START/ CONTINUE.
- Both the ramped signal and the static values are now output.

- When the test is finished, the result will look like figure 4-5:

Figure 4-5:
Test results - Measurement
Measure of Hom | Tol + | Tol - | Act | Dev | Asse:
Trip 0=1 =] 2,500 & | 20,00 ma& [20,00 m& | 2,490 &) 10,00 ma| o
4| | i
= Uz relative tolerarice: Time at meazurement: Im
Note: "Time at measurement" displays the elapsed time (t) since the beginning
of the pulse in which the trip occurred and the actual trip. The red line in figure
4-6 indicates the trip threshold.
Figure 4-6:

"Time at Measurement" I

LY

l_l_\_

wal _I

Trip

According to the norm, measuring the trip time would require twice the trip value
(shown as a light blue pulse in figure 4-6). This is not the case here. To correctly
determine the trip time, we recommend test modules like State Sequencer.
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4.1.7

4.1.8

B -E

Defining the Test Report

Select PARAMETERS | REPORT. Adialog box appears where you can define
the scope of the report.

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Select VIEw | REPORT to display the test report.

Saving and Printing the Test

To save and/or print the test, use either the respective toolbar icons or the pull-
down menus FILE | SAVE and FILE | PRINT.

A saved Pulse Ramping test file gets the file name extension .pra.
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S5 State Sequencer

-~  The test module State Sequencer allows:

e asequence of states to be defined,

< the output of each state’s values to a test object in real time,

« to repeat the output of the user-defined states in an infinite loop.

The test object's responses can be measured and recorded as functions of time
and analyzed either automatically or manually after testing.

Trigger conditions can be specified to control the sequence progression. These
trigger conditions may be defined by:

+ state duration
« change of the output state of a test object
¢ manual control

« external signals.

5.1 State Sequencer Views

State Sequencer comprises a total of seven Views:

Table View Provides an overall view of the sequence whereby the
Detail View provides an in-depth view of all parameters
for one state at a time.

@

Report View Permits using either a default report setting or a
customized setting, which includes only those elements
of the test settings and results that are of interest to you.

&5

El Detail View Used for defining the parameters for each state of the
sequence.

@l Vector Diagram View Used for defining the parameters for each state of the
sequence.

—Tﬁ-l Impedance View Displays the fault impedance calculated by the Fault

Calculator. It gets the ZFault value in the complex plane,
i.e., it returns the actual absolute value of ZFault. It will be
empty if a set mode without a fault type is selected in the
Multifunction Input Grid. Calculating the fault voltage and/
or the fault current is now done by the fault calculator
server. Therefore neither the fault type nor the test model
setting is needed.
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L

El Measurement View

El Time Signal View

The Impedance Plane displays the distance relay
characteristic of an actual loaded XRIO file. For line to
ground faults, the k-factor set in the Test Object/ XRIO is
taken into consideration.

You can switch between primary and secondary values
using the Unit Manager (refer to chapter 5.3.3 "The Unit
Manager” in the Concept manual), e.g., you are in
secondary value mode but you want to display your
impedances in primary values mode. The Impedance
View diagram displays a title according to the status of
the Unit Manager.

More details can be found in the online help topics
"Impedance View" and "Multifunctional Input Grid (Fault
Calculator)™).

Allows specification of timing events and assesses the
measurements as either "passed" or "failed" based on
the expected nominal time and given deviation margins.
Interactive time measurement is also possible within the
Time Signal View. Also assesses the levels of binary
inputs as either "passed" or "failed" based on the time
tolerance and the level condition of various binary inputs.

Shows voltage and current traces, binary input states
(1 or 0), and state transitions as functions of time.
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5.2 Z Shot

The Z Shot function appends an impedance fault state to the current sequence.

This impedance state is comprised of a total of three states, which are inserted
after the currently selected state of the sequence: a prefault state, a fault state,
and a post-fault state.

It allows the setting of parameters such as
» line impedance |Z| and Phi |Z|
e grounding factor |kO| and Phi |kO|
« fault type

» location of the fault (realized by a multiplier for the line impedance value
to build the actual fault impedance)

In order to insert a Z Shot, select the menu item EDIT | INSERT Z SHOT.

Inserting a Z Shot creates a new entry at the end of the measurement table and
sets the focus to the post-fault state to allow the entry of another shot.

The Z Shot function requires the following preconditions:

* The generator voltage triple VA-N (VL1-E), VB-N (VL2-E), VC-N (VL3-E)
is routed. This triple is used for the output of the voltages of the three-
phase model.

* The generator current triple 1A (IL1), IB (IL2), IC (IL3) is routed. This triple
is used for the output of the currents of the three-phase model.

In case of either a one- or two-phase fault, the fault currents start at zero at
transition. In case of a three-phase fault, IL1 (IA respectively) starts at zero.

5.3 Z State

Z State is a reduced version of the feature Z Shot. It inserts one fault state with
a user-defined duration after the currently selected state.

There is no trigger and measurement condition created. All other issues
mentioned in Z Shot also apply to Z State.
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Example 1. Fuse-Fail Function

Sample file:
Sequencer _Fusefail . seq

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Task

Test the Fuse-fail (also called "Loss of Potential" or "VT Fail") function of a
distance relay.

Solution

A multi-step automatic program is required for testing the fuse-fail function.
Step 1: Tests the conditions of the healthy system.

Step 2: Tests the fuse-fail condition, whereby one voltage is stepped to
zero Volts for a time longer than the fuse-fail timer.

Step 3: To verify that the fuse-fail function definitely blocks the trip signal,
a ground fault (zero volts, high current) should be injected, for
which the relay is then not allowed to trip.

This is an ideal application for the State Sequencer, where any number of
voltage or current states can be defined. Transition from one state to the next is
instantaneous and depends either on a fixed time or on a trigger condition as
defined for the binary inputs.

If only the fuse-fail function needs to be tested, the State Sequencer test module
can be used stand-alone. Also, if only a manual test is required, it can be
performed using QuickCMC.
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5.4.1 Wiring Between Protection Relay and CMC Test Set

1. Connect the current and voltage inputs of the protection relay to the
corresponding current and voltage outputs of the CMC test set. The
starpoints of the input CTs and VTs of the relay have to be connected to "N"
of the CMC.

2. Connect the relay’s trip contact to the CMC test set’s Binary Input Binin1.

Figure 5-1:
CMC 256 test set, Connect to voltage
front view inputs of the

protection relay

1,00 EE;‘;" 0:-0

[issss:

Connect to current Connect trip contact of protection relay to
inputs of the Binary Input 1.
protection relay

5.4.2 Starting State Sequencer from the OCC

Start the OMICRON Control Center from the Start Page by clicking OPEN
EMPTY DOCUMENT. Insert State Sequencer into the OCC document by
selecting the menu item INSERT | TEST MODULE... | OMICRON
STATE SEQUENCER.

61



OMICRON Test Universe

5.4.3

5.4.4

2

Setting up the Test Object

For configuration of your relay under test, the correspondingly named software
function Test Object is used. Open Test Object with the pull-down menu item
PARAMETERS | TEST OBJECT. Alternatively, click the Test Object icon in
the toolbar. In Test Object browse, access and edit the test object parameters.

A detailed description of Test Object and the closely related subject "XRIO" can
be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

Configuring the Hardware

Configure the hardware according to the wiring described in section
5.4.1 "Wiring Between Protection Relay and CMC Test Set”.

A detailed description of the Hardware Configuration can be found in the
"Concept" manual’'s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.
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5.4.5 Defining the Test

Step 1: Defining state 1, healthy system

Figure 5-2:
Test VieW, defining =/i0MICRON State Sequencer - Sequencer2
state 1

D@ &le] B|Bfwm e+ (my] Blwlx Blo] » |- 2(%

[
,—

Healthy System
VAR |

63510
G3.510%
63.510%
0100 A

1. Define state 1 in the "Detail View" (figure 5-2, 1):
Balanced nominal voltages at 63.51V with balanced angles. Balanced load
current at 0.1A and a load angle of 5° lagging. Enter a name "Healthy
system".

Note: The properties sheet (right mouse click) to equal magnitudes, balance
angles, etc. is available for all fields.

The values entered in the "Detail View" are automatically transferred to the
"Table View" (2).
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Figure 5-3:

Detail View, Trigger tab

9

2. Select the Trigger tab in the "Detail View".

RIS

Analog Dutl Binary Out  Trigger I

— State termination
* Binary input(s] and/or imeout

@ ¥ Use binary tigger condition as specified below

i (:5 5,000 5
7 User interaction Wefine [nstiiehon... |

" Pulse from CMGPS connected to 'ext. |nterf."

= After number of IRIG-E pulses: I 1
Dielay after trigger: @IW

— Binary trigger condition

Triggerlogic: ¢ AND ' OR @

Input | Display Hame | State
1 |Trie "

Each state of a sequence must have its individual trigger condition. Only
if the trigger condition of state n is fulfilled and terminates the state, State
Sequencer will run state n+1.

For a detailed description about trigger conditions, please refer to the
online help. Open the online help, click the "The State Sequencer View"
entry in the table of contents and navigate to "Detail View". The Detail
View topic contains a section "Trigger tab".

. The healthy state should be output for a max. period of 5 seconds

(figure 5-3, 1). The 5.000 s at "Timeout:" represent the maximum state time.
If in this time period a binary trigger (2) occurs, State Sequencer terminates
this state prematurely and runs the next state. If no trigger is detected in that
time, this state terminates after "Timeout:" elapsed and runs the next state.

A binary trigger condition is defined by selecting "Use binary trigger condition
as specified below" (2). Define a trigger condition AND or OR at (3). The
binary inputs available here depend on the inputs defined and routed in the
Hardware Configuration on the the Binary/Analog Inputs tab.

A fixed time delay after a trigger condition can be defined (4).

. Select the Analog Out tab.

Note: The Analog Output page is not available if no analog outputs are
routed in the Hardware Configuration.
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Step 2: Defining state 2, fuse-fail state

ﬁll'

2. Edit the amplitude of "V A-N" (VL1-E) to OV. Leave all other voltages and
currents as is. Enter a name "Fuse-fail State".

Click the New State icon or select EDIT | INSERT STATE.

3. The fuse-fail state should be output for a fixed time of 15 seconds.

Step 3: Defining state 3, A-N (L1-E) fault
1. Define another new state.

2. Define a new name and edit | A = 2A at -75°.

3. This state should be output for a maximum of 1 second (figure 5-4, 1). Seta
binary trigger condition (2) for the trip signal (3) for the event that the relay
trips. Also define a delay after trigger of 40 ms (4).

Figure 5-4:
Test VieW, deﬁnil"lg MICROMN State Sequencer - Sequencer?
state 3 File Edit “iew Test Paramsters 'Window Help

D[S|R| LlE] = Blm|e|+lmv Bl slm| »]=|]x] 2|
i o] el |15 A 07 sl

Fl T able View: Sequencer? [_ (O] x
1 2 3

Hame |Healthy System Fusze-fail State &~ Fault

V¥ A-H 63,510 0,00° 50,000 Hz 0,000 0,00°  50,000Hz 0,000 % 0,00°] 50,000 Hz

¥ B-H 63510% -120,00° 50,000 Hz 63,510 % -120,00° 50,000 Hz 63,510 -120,00° 50,000 Hz

¥ C-H 63510% 120,00° 50,000 Hz 63,510 % 120,00 ° 50,000 Hz 63,510 120,00° 50,000 Hz

1A 0100 & -500°| 50,000 Hz 0,100 & -500°|  50,000Hz 2,000 & 75007 50,000 Hz

IB 04004  2500° 50,000Hz 04004 2500° 50,000Hz 04004 -12500°) 50,000Hz

Ic 0100 & 11500°| 50,000 Hz 0,100 & 115,00°| 50,000 Hz 0,100 & 11500°| 50,000 Hz

CMC Rel |0 output(s) sctive 0 output(s) active 0 output(s) active

Trigger |Time [ 50005 Time [ 15000s] Time;Bin | 1,000 5|

E‘J Detail View: Sequencer2

IS [=]

ﬁ_‘.'\l'eclul Diagram: Sequencer2

- (O] =]

Analog Dutl Binary Out  Trigger |

State termination
' Binary input(z] and/or timeout
2 ) lse binany tigger condition as specified below
O oms.
Wefite | retmetam.. |

' Pulse from CMGPS connected bo ‘est. Interf.!
= After number of IRIG-E pulses:

 User interaction

Delay after trigger:

—Binary trigger condition
' AND

Trigger logic: ~ OR

For Help, press F1
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Figure 5-5:
Time Signal View

The "Table View" lists all voltages and currents for all three states in one
table.

4. Click the Vector Diagram icon or select VIEwW | VECTOR DIAGRAM to
display a vector diagram for the currently selected state, in this case state 3.

Note: The Vector View disappears if no analog outputs are routed. The menu
option and toolbar button is disabled in this case. They are enabled as soon
as the analog outputs are routed again.

Running the Test

Running a test is only possible, if no test results are present. If necessary, clear
the results by clicking the Clear icon or selecting TEST | CLEAR.
1. Click the Start/Continue Test icon or select TEST | START.

2. To view the output voltages and currents, click the Time Signal View icon or
select VIEw | TIME SIGNAL.

[ Time Signal View: Sequencer_Fusefail.seq
Time Signal Value
Cursor 1 0.000 s [=none= nia
| Cursor2 21.04 5 [=none= nia
|> c2-ci 21045 nia
|
m] ]
Healthy System AN.100.0 %
Fusefail State
| | |
CMC15BYA
20
20
50
VAN VBN VN
CMC1561/8 -
1.04
00 + t t + t +
128’ 25 50 7.5 100 125 150 175 21
.3.[| 4
14 1B Ic
Start -
Tiip &
TipB
TiipC
25 50 7.5 100 125 15.0 17.5 200

3. You can zoom in or out on the time signal display. The signals shown can be
switched off using the properties sheet (right mouse click of the Time Signal
View window).
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Figure 5-6:
Time Signal View -
voltage signals zoomed

Time

Signal

Value

Cursor 1

48955 =

<NOnNe=

nia

| Cursor2

2104 =

<NOnNe=

nia

C2-C1

16.08 =

nia

Figure 5-7:
Time Signal View

Fuszefail State
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4. Close State Sequencer and return to the Control Center.

‘5, OMICRON Control Center - [Testl: Report View]

@ File Edit Fomat Insert Test Script VWiew ‘Window Help

= EEEERE 9 g
A e el clEE

e
T i 2 3t g b1 Bt 7 1 B 1 8 A0 A1t A2 1 131 A4 1 A5 1B | g4 1 1B 118

CMC156 VY ]

VAN VBN — — —- =

o054 1323 4 6.7 .8 8 W 11 12 13 14 15 18 17 1818

20 4
25 o
3.0
A ——— 1B ———- IC —-—-—-
General Trip }—i I }—’—EI [
L e 2 S S S S S S S S S — — ——

[ [NuM.

For Help, press F1
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5.4.7

9

Defining the Test Report
Select PARAMETERS | REPORT. Adialog box appears where you can define
the scope of the report.

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Select VIEw | REPORT to display the test report.
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Example 2: Feeder Autoreclosure

Sample file:
Sequencer ARC. seq

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Task

The auto-reclose function of a feeder protection scheme is to be tested with an
unsuccessful auto-reclose sequence for an A-N (L1-E) fault.

The following settings are provided:

Tripping scheme: Single pole / three pole tripping

Ground fault ARC sequence: single pole trip = three pole trip = lock-out.
Dead time for single pole trip: 500 ms

Dead time for three pole trip: 1s

Typ. instantaneous tripping time: 50 ms

Solution

The following sequence of states needs to be simulated for a complete
unsuccessful ARC cycle:

- Prefault: Nominal voltages and load currents for 1 s.
- A-N (L1-E) fault at 1Q until phase A trips.

- Dead time No. 1: The A pole open (i.e. no voltage and current on phase
A, but nominal voltages and load currents on phase B and C), until the
ARC signal is issued.

- Shot No. 1: Same as A-N (L1-E) fault.

- Dead time No. 2: All three poles open (i.e. no voltage or current on any
phase), until the ARC signal is issued.

- Shot No. 2: Same as A-N (L1-E) fault.
- Lock-out: Same as dead time No. 2.

Seven states need to be simulated, one after another. The transition from one
state to the next should be instantaneous. The OMICRON Test Universe offers
the State Sequencer test module, which is designed for situations as described
above.
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Figure 5-8:
CMC 256 test set,
front view

To test a complete distance protection scheme, all primary and auxiliary
functions of the scheme need to be tested sequentially. In order to test such a
scheme with one complete and automatic test procedure, the State Sequencer
test should be embedded into an OMICRON Control Center document.

The State Sequencer can, however, also be used stand-alone; this example for
the State Sequencer is in the stand-alone mode.

Wiring Between Relay and CMC

1. Connect the voltage inputs of the protection relay to the corresponding
voltage outputs of the CMC test set.

2. Connect the current inputs of the protection relay to the corresponding
current outputs of the CMC test set. Make sure that the current outputs of the
relay, i.e., the output side of the current transformers, are connected together
in a starpoint.

3. Connect the trip signals from the relay for phases A, B and C to Binary Inputs
1, 2 and 3 of the CMC test set.

4. Connect the ARC initiate signal from the protection relay to Binary Input 4 of
the CMC test set.

Connect to voltage
inputs of the
protection relay

Connect to current Connect trip contact of protection relay to
inputs of the Binary Input 1.
protection relay
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5.5.2 Starting State Sequencer

Start State Sequencer in stand-alone mode from the OMICRON Start Page by
clicking STATE SEQUENCER.

5.5.3 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

Y A detailed description of Test Object and the closely related subject "XRIO" can
@ be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

5.5.4 Configuring the Hardware

Configure the hardware according to the wiring described in section
El 5.5.1 "Wiring Between Relay and CMC".

> A detailed description of the Hardware Configuration can be found in the
Q "Concept" manual’'s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.
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5.5.5

Figure 5-9:

Defining the prefault
state on the Analog Out
tab of the Detail View

Defining the Test

Step 1: Defining the prefault state

1. In the "Name" field of the Table View, rename the default state "State 1" to
"Prefault”.

2. Either in the Table View or the Detail View, for this prefault state enter:
- the voltages: 69.28 V, balanced at 0° for V A-N (L1-E), 60 Hz
- the currents: 1 A, balanced at -10° for | A, 60 Hz

Note: A context menu (right mouse click) is available for all entry fields
(amplitude, phase angles, and frequency).

B Detail View: Sequencer_ARC_seq

Analog Out | Binamy Dutl Triggerl

Prefault
Set Mode Direct =l
VAN §3.28 ¥ 0.00° | §0.000 Hz
V¥ BH §3.23%| -12000°| 60,000 Hz
VCH §3.25%| 12000°| 60,000 Hz
1A 1000 4| -1000°] B0.000 Hz
1B 1,000 4| -13000°| §0.000 Hz
Ic 10004| 11000°( 60,000 He

[V Force absalute phases
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5. Select the Trigger tab.

Figure 5-10:

Defining the tigger 815 ]
condition on the Trigger -
tab Analog Dutl Binary Out  Trigger I

— State termination
7 Binary input(s] and/or imeout

[ Use binary tigger condition as specified below

| 1,000 s
= User interaction Define [retiction.. |

" Pulse from CMGPS connected to 'ext. |nterf."

" After number of IRIG-E pulses: I 1

Drelay after trigger: 0.000 5

— Binamy trigger condition
Triggerlogic:. ¢ AND  * OR

Input | Display Hame | State

1 Trig & 1

2 Trip B 1

3 Trip 1

4 ARC b
Y For a detailed description about trigger conditions, please refer to the
@ online help. Open the online help, click the "The State Sequencer View"

entry in the table of contents and navigate to "Detail View". The Detail
View topic contains a section "Trigger tab".

6. At "Timeout", define the maximum state time 1.000 s.

7. Ensure that all other trigger conditions are disabled, because this state
should be output for exactly 1 s.

Note: All the parameters entered are automatically copied to the Table
View.
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Figure 5-11:
Navigation toolbar

Figure 5-12:
Defining the A-N (L1-E)
fault state

Step 2: Defining the A-N (L1-E) fault state

1. Click the New State icon in the Navigation toolbar or select

EDIT | INSERT STATE. A new state is appended to the first one.

The parameters of this state are identical to those of the previous state.

Edit the parameters for V A-N (V L1-E) and | A (1 L1) to represent an A-N
(L1-E) fault with 1 Q faultimpedance (VA-N =10V @ 0°;1A=10 A @ -75°).

Note: A special feature to insert a state in terms of fault impedance is

R

available: Select EDIT | INSERT Z SHOT.

Ell Table View: TU 1.3 ARC Sequencer Example.seq

1 2
Hame |Prefault e
¥ AH G928 oo e 50.000 Hz 1000 % oo e 50.000 Hz
Y B-H G928 -120000° 50.000 Hz G928 -120000° 50.000 Hz
YCH G928 12000° 50.000 Hz G928 12000° 50.000 Hz
1A 1.000 & -10.00° 50.000 Hz 10,000 & -75.00° 50.000 Hz
1B 1.000 & -1350.00° 50.000 Hz 1.000 & -1350.00° 50.000 Hz
I1C 1.000 & 110.00° 50.000 Hz 1.000 & 110.00° 50.000 Hz
Bin. Out
Trigger |Time 1.000 s ; Time Bin 05005 ;
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3. Select the Trigger tab.

Figure 5-13:
Defining the trigger FlDetail Yiew: Sequencerl =1 =] ]
condition

Analog Dutl Binary Out  Trigger

— State termination
& Binary inputls) and/or imeout

IV Use binary trigger condition as specified below

el S00.0 ms
= User interaction Wefine [nstuetion. . |

© Pulze from CMGPS connected to 'ext. Interf.!

 After number of IRIG-B pulzes: I 1
Drelay after trigger: I 40.00ms

r— Binary trigger condition
Trigger logic: € AND  * OR

Input | Display Hame | State
1 Trip & 1
2 Trip B 1
3 Trip < 1

4. At"Timeout", define a maximum state time of 500 ms.

5. Select a binary trigger condition and ensure, that Trip A, Trip B and Trip C
are all set to "1" with a logic "OR" trigger condition.

Note: The transition from the present to the next state can be delayed after
the trigger condition has been met, by specifying a time for "Delay After
Trigger" - in this case set to 40 ms to simulate the relay trip time.

Step 3: Defining the remaining states

Define the remaining states by copying one of the present states and then
updating the relevant parameters.

The remaining states to be defined are:
* Dead time No. 1
* Fault shot No. 1
* Dead time No. 2
* Fault shot No. 2
* Lock-out

75



OMICRON Test Universe

Figure 5-14:

Table View - all states

defined

The "Dead time No. 1" state is similar to the "Prefault" state with the difference
that the voltage and current of phase A is zero and the trigger condition is set on
the ARC signal. "Dead time No. 2" and "Lock-out" are similar to "Dead time No.
1" with the difference that the voltages and currents of all phases are zero. "Fault
shot No. 1" and "Fault shot No.2" are identical to "Fault A-N" (L1-E).

1.

Select the state to be copied, in this case the "Prefault state" (click the
column of the state in the Table View).

. Click the the New State icon in the Navigation toolbar. The new state, which

is appended to the last state, is identical to the "Prefault state".

To insert a new state between two existing states, select the state before (or
after) and then select EDIT | INSERT STATE.

3. Set the voltage and current of phase A to zero.
4. Set the trigger conditions to trigger on the "ARC" signal.

[l T able View: TU 1.3 ARC Sequencer Example.seq H=] E3
1 2 3 4 5 [ 7

Hame |Pre-fault AN fault Ceadtime Mo. 1 Fault shot Mo. 1 Ceadiime Mo. 2 Fault shat Mo. 2 Lock-out

v A-H £9.28 Vv 0.00°: 0000 Hz | 10.00% 0o0®4 000y 000®g 1000 Y 000°] o000y 000°]1000% 000" 000% ooo®

v B-H B9.28 % -12000°: G0000HZ { 69.26%  -12000° 46925 -12000° 46928 -12000°9 000% :-12000°4 69.26%  -12000°) 0.00%:-12000°

WVC-H | 6928%: 12000°: 60000Hz |69.25Y 12000° | 69.28%  12000°169.23Y: 12000°4 000%: 12000°{ 6926 12000°] 0.00%: 12000°

1A 10004 -1000°;60000Hz{ 10000 @ -7S00° {00004 -1000°% 10000 @ -7500°]0000A; -1000°% 10000 @ -7S00° ) 00004 -1000°

1B 10004 -130,00°: G0000HZ {1.000 4 -13000°41.0004 -130.00°41.000A: -130.00°900004 1300074 10004 -13000"§ 0.000 & :-130.00°

IC 10004 110.00°: 60000 Hz {10004 11000°41.0004 11000°41.000A: 110.00°4 00004 11000°11.000 4 11000°§ 0.000A: 110.00°

Trigger|Tms  © 1000s: Time Bin ~ 0.500 5 {Time Bin = 0.500 s {Time Bin: 0500 = {Time Bin :  1.000 = {Time 0500s |Time  { 1.000s

Repeat step 1 to 4 for the Fault shot No.1, Dead time No. 2, Fault shot No.2
and Lock-out.

To visualize the various states defined, a vector diagram is provided. This
shows the vector configuration of the present selected state.

. Click the Vector Diagram icon in the State Sequencer toolbar or select

VIEW | VECTOR DIAGRAM.

The size of the vector diagram can be changed by dragging the edges of the
window. The scaling of the vectors as well as the properties of the diagram
be changed by clicking the right mouse button somewhere in the Vector
Diagram.

. Click the icon in the navigation toolbar, to select the first state of the test

sequence.

Repeatedly click the icon in the navigation toolbar to move through the
various states, while watching the vector diagram.
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Step 4: Defining the timing measurements

The following parameters need to be defined for timing measurements:

Name: The name of the event to be timed.

Start: The event to start the timer (e.g. start of a specific
state).

Stop: The event to stop the timer (e.g. pick-up of a trip
signal).

Ignore before: In long test sequences repeated pick-ups (or drop-

offs) of the same input signal need to be timed. A filter
function of all earlier pick-up and drop-off events up to
a specific event is available for determining the pick-
up and drop-off times.

Tnom: Theoretical pick-up / drop-off time.
Tdev-: Maximum allowed negative deviation.
Tdev+: Maximum allowed positive deviation.

In this example the following events need to be timed:

e Trip for the A-N (L1-E) fault, Shot No.1 and Shot No.2.

* The Auto-reclose times for Dead time No. 1 and Dead time No.2.
Proceed as follows to define the timing measurements:

El 1. Click the Measurement View icon in the State Sequencer toolbar or select
VIEW | MEASUREMENT to open the Measurement View window.

Enter the parameters to measure the trip time for the A-N (L1-E) fault:

— Name: Trip 1

— Start: Fault A-N (L1-E)
— Stop: Trip A 0>1

— Tnom: 50 ms

— Tdev-: 40 ms

— Tdev+: 50 ms

Note: The columns for the actual measured time (Tact), the deviation of the
actual time from the nominal pick-up time (Tdev) and the assessment, i.e. if
this deviation is within the band defined by Tdev- and Tdev+, will be
completed after an actual test was executed.

2. To define a new measurement condition, right-click anywhere in the
Measurement View window and select INSERT or select
EDIT | INSERT MEASUREMENT CONDITION.
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Table 5-1:
Parameters for time
measurements

Figure 5-15:
Measurement View

3. Define the parameters for the following four time measurements:

Name Start Stop Ignore Tnom Tdev- | Tdev+
Trip shot | Fault shot | Trip A Fault shot | 50 ms 40ms | 50 ms
No.1 No.1 0>1 No.1

Trip shot | Fault shot | Trip A Fault shot | 50 ms 40ms | 50 ms
No.2 No.2 0>1 No.2

ARC Dead ARC Dead 500ms | 100ms | 100ms
No.1 time No.1 | 0>1 time No.1

ARC Dead ARC Dead 500ms | 100ms | 100ms
No.2 time No.2 | 0>1 time No.2

Eﬁ!‘ Measurement View: TU 1.3 ARC Sequencer Example.seq

Hame Ignore before Start Stop Tnom Tdev- Tdev+ Tact Tdev Assess
1 [Trip1 A fault Trip & 0=1 0.0500 = 0.0400 5 0.0500 =
2 |Trip shot Mo Faut shot Mo, 1 Fault =hat Mo. 1 Trip A 0=1 0.0500 = 0.0400 = 0.0500 =
3 |Trip shot Mo2  Fautt shot Mo, 2 Fault shot Mo, 2 Trip A 0=1 0.0500 = 0.0400 = 0.0500 =
4 [ARC Mo Deactime Mo, 1 ARC O=1 0.5000 = 01000 0.1000 =
5 |ARCMNo.2 Fautt shot Mo. 2 ‘Deactime No, 2 ARC 0=1 0.5000 = 01000 = 0.1000 =

Running the Test

Running a test is only possible, if no test results are present. If necessary, clear
the results by clicking the CLEAR icon or selecting TEST | CLEAR.

Click the START/CONTINUE TEST icon in the State Sequencer toolbar or
select TEST | START.

This will execute the test sequence as specified.

Note: The actual time, the deviation, and an assessment is given for each timing
measurement specified. If running this test sequence in the offline mode, i.e.
without a CMC connected, the results shown in the Measurement View are
purely random values.

If this test was embedded into the Control Center, it could also be run from there
by clicking the icon in the OCC or selecting TEST | START.
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5.5.7 The Time Signal View

A Time Signal View is available for displaying the voltage and current quantities
with respect to time.

Note: It is possible to preview the Time Signal View before performing a test.

Itis possible to zoom in and out of the time signal display and signals / diagrams
shown can be switched off via the properties sheet (right mouse click anywhere
in the Time Signal View window.) The settings of the diagram (visibility, zoom)
are stored per document.

Y For a detailed description about the Time Signal View, please refer to the online
@ help. Open the online help, click the "The State Sequencer View" entry in the
table of contents and navigate to "Time Signal View".

Figure 5-16:

i i i A OMICAION Stabn Sequencer - [Tima Signal View: Soquencer_ATIL. seq) |
Time Slgnal View ) Fin b Vew Tesl Pacwmebm: Window Help ~1%] x|

Olsig| ©|e| oipim|s|slofv olwx 8lO] »[s(l| 2l i »in| six| (o] 5 =]
e e e

Cursor 1 0.000 7 | arones. s
L Corsor 3 S0 8 arohes his
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|
I

0omo 00020 00030 0000 noosn N
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Figure 5-17:

5.5.8

Cursor Data table

5.5.9

The Cursor Data Table

The cursor data table is now located within the Time Signal View. The table
displays the position of the two cursors in the "Time" column in the Time Signal
View. It is possible to change the cursor position by entering a time. In the
"Signal" column, an analog signal can be assigned to each cursor. The
momentary value of the selected signal is displayed in the "Value" column. If the
signals assigned to the two cursors are of the same physical quantity (e.g., two
voltages) then the difference is shown in the third line.

Time Signal “alue
Cursor1 0.00 si<none> nfa
[ Cursor2 1.00 =i<none> nia
Cz- .00 s n/a

Defining the Test Report
Select PARAMETERS | REPORT. Adialog box appears where you can define
the scope of the report.

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Select VIEw | REPORT to display the test report.
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6 Overcurrent

L The Overcurrent test module allows manual or automatic testing of directional
and non-directional overcurrent relays with definite time and inverse time,
thermal 1°t, and custom curve characteristics. In addition, the ground fault
protection functions of two- and three-phased relays can be tested.

It can also be used to test non-differential generator and motor productive units
by using zero and negative sequence fault models.

This module tests tripping time of each tripping region for overcurrent relays by
using device tolerance. Test objects can be defined with parameters
characteristic for the relays.

6.1 Overcurrent Features

The Overcurrent test module has several useful features for testing directional
and non-directional relays.

6.1.1 Fault Simulation

This test module, using a positive sequence fault model, allows the testing of
one-, two-, and three-phase faults. Using the zero sequence and negative
sequence fault models, testing of those elements found in generator and motor
protective relays is also possible.

6.1.2 Characteristic Definition

The test module allows you to choose between several predefined
characteristics available in the CMC. DCCfile. (Manufacturer specific definite
time or inverse time characteristics according to IEC, IEEE, etc.)

Special or custom characteristics that are not predefined can be inserted easily
in the form of a current-time table and saved.

6.1.3 Testing the Trip Characteristics

The trip time corresponding to the applied current for overcurrent relays is tested
taking the device tolerances into account. Test points and test sequences can
be defined easily by clicking point of your choice directly in the characteristic
curve. The module tests automatically whether the measured tripping times are
inside or outside of the tolerances and performs an automatic assessment of the
actual results.

Additionally, the minimum pick-up test is integrated into the Overcurrent module.
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6.1.4 The Overcurrent Views

Overcurrent comprises of three views:

%l Test View In the Test View, define the test parameters and settings.
Report View In the Report View either a default report setting or a
_| customized setting can be used that will include only

those elements of the test settings and results that are of
interest to you (preferences can be saved as user-
defined report forms). For more details about test reports
refer to chapter 5.2 "Test Reports” in the Concept
manual.

The online help also contains a detailled topic about test
reports. For a quick access, search for the term "test
report" on the Index tab.

@l Vector Diagram View Vector diagram and table showing the test parameters.
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Example: Pick-Up Values and Trip Times

Sample files:
e Overcurrent _7SJ600. ovt
e Overcurrent _7SJ600. occ

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Task

A Siemens 7SJ600 overcurrent relay is to be tested using an automatic test.

The pick-up current and the trip-time are tested with a PSM (plug setting
multiplier) of 2, 5, 10, and 20 for all fault loops. Then, a template should be
created for future test procedures.

The following settings are given for a ground fault:

Pick-up 1> 0.2A

Time Multiplier 1.0

Characteristic IEC normally inverse
Instantaneous | 2A

The following settings are given for a phase fault:

Pick-up I> 1.2A

Time Multiplier 0.5
Characteristic IEC very inverse
Instantaneous | 12A

Solution

If only a manual test of pick-up and trip time was required, the test could have
been performed using QuickCMC.

However, since an automatic test is wanted, use the OMICRON Control Center
and insert the Overcurrent test module into a test document for each fault loop
or test to be run. First the test for the A-N (L1-E) fault loop is defined. This test
is then copied six times and modified such that the fault type is different in each
test. If only one fault loop had to be tested, the Overcurrent module could have
been used stand-alone.
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6.2.1 Wiring Between Relay and CMC

1. Connect the current inputs of the protection relay to the corresponding
current outputs of the CMC test set.

2. Connect the starpoint of the input CTs to socket "N" of the Current Output
group of item 1).

3. Connect the relay’s trip contact to the CMC test set’s Binary Input Binin1.
4. Connect the relay’s start contact to the CMC test set’s Binary Input BinIn2.

Figure 6-1:
CMC 256 test set,
front view

Connect to current Connect the relays’ trip contact to Binary
inputs of the Input 1 and the start contact to Binary
protection relay Input 2.

6.2.2 Starting Overcurrent from the OCC

Start the OMICRON Control Center from the Start Page by selecting OPEN
EMPTY DOCUMENT. Insert Overcurrent into the OCC document by selecting
the menu item INSERT | TEST MODULE... | OMICRON
OVERCURRENT.

6.2.3 Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object

parameters.

> A detailed description of Test Object and the closely related subject "XRIO" can
@ be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

84



Overcurrent

Step 1: Define the overcurrent protection parameters

Figure 6-2 shows the Overcurrent Protection Parameters tab that is started
by double-clicking "Overcurrent” in the Test Object tree.

1. Enter the current tolerances allowed for the pick-up (figure 6-2, (1)).

2. Enter the tolerances allowed for the trip times. The absolute value is of
relevance to the instantaneous element (2).

3. Specify if the relay has a directional element (3). In our case it is a non-
directional relay.

Note: In case of a directional relay, you need to define the location of the
potential transformers (PTs) (4) and the direction (polarity) of the current
transformer (CT) starpoint connection (5).

4. Specify the fault group for which the settings are to be entered (6).

5. Specify the number of stages the fault group has by checking the appropriate
check box (7). In our case the relay has one pick-up stage and one
instantaneous stage.

6. Enter the pick-up value and the trip-time or time-multiplier for each stage (8).
The pick-up values of all stages are entered in multiples of the nominal
current.

Figure 6-2:
Protection Device tab Overcumrent Protection Parameters | 7] x]

Pratection Device | Characteristic Definition I

— Current Talerances————— ~Time Tolerances————————  —~ PT connection

1elative: @ I 5.00 % relative: @I 10,00 % % mr Lire @
abzolute: I 0100 In abzolute: I 0100 = ) (i Bushan

— Fault Group selection———————  ~ Directional behavior————  ~ CT Starpoint connection——
Line-M eutral L @ ) @
Line-Line = Directional % Towards Line
Megative sequence
Zer sequence Lal € Tawards Bushar

— |/t parameters of the zelected Fault Group

Settings for the Line-MNeutral group

Active | pickup Time Tripping Characteristic

F o> [ o2 | 1.000 | [1EC Hermal Inverse

M o> | coioln | 0080 s Reset Ratio: 0.95
M opss [ 0000 0n | 0050 s
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Step 2: Defining the characteristic

Select the Characteristic Definition tab.
1. Select the required characteristic. You can
* use Predefined standard IEC characteristics,

» Copy a characteristic of a different fault group to the currently selected
fault group,

* Import a characteristic from a .DCC file or

« create a New custom characteristic. Any inversely dependent or I1°t
characteristic can be defined with an equation or a table of points.

Figure 6-3:
Creating a new 2]
characteristic Frotection Device  Characteristic Definitian |
i~ Line-Meutral characteristic
flame 500.0
IIEE Mormal Inverse
200.0
AT+ gup

t{s) = = 2 x|

M: Multple Io\‘fIF'L-I  Create new characteristic

Td: Time Dial & Mew| Characterist

. ew |nverse Characteristic Cancel |

I Wi<IIs " Mew |AC Characteristic ——

P

I 0.02000 " Mew |2T Characteristic

K1

I 0.00000 ¢ " Mew User-defined Characteristic

10.0
— Reset Characteriz
— E=Id
I Apply tr(s) = 1-MT Time Index
R T LCopy... | Mew... I\J
I 1.000 i
I 1.00000 5 I 2.00000 FPredefined... | Impart... |
QK | Cancel | Help |

Step 3: Defining the settings for the phase fault group

Return to the Protection Device tab and define the settings for the phase fault

group (repeat the previous steps starting with no. 4. of step 1).

Note: A separate characteristic for a negative sequence and zero sequence

element can be entered for those elements.
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6.2.4 Configuring the Hardware
Configure the hardware according to the wiring described in section
El 6.2.1 "Wiring Between Relay and CMC”.

Y A detailed description of the Hardware Configuration can be found in the
Q "Concept" manual’s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.

6.2.5 Defining the Test

Step 1: Inserting the Overcurrent test module into the test
document
1. Click the Overcurrent icon in the test modules toolbar
or

2. selectINSERT | TEST MoDULE or click the appropriate icon and then
select "OMICRON Overcurrent".
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Figure 6-4:
Overcurrent Test View

Step 2: Defining the test for the A-N (L1-E) fault loop

1. Inthe Test tab, select the fault type (figure 6-4, 1). In our case select an A-N
(L1-E) fault.

“2, OMICRON Overcurrent - [Test Yiew: Overcurrent1]

@ File Edit “iew Test Paramsters “Window Help
Dlz(@] = fEE| 8% oo »[s]o]x]| 2] x|
E&I ahslrel

Test IFauIt | Eemera\l Binary Dutl

Overcurrent Charactenstic Diagram

5 1000 -
Fault typ8©7 Ihest: @ 2000013

& AN C AR
BN CBC Felative To: (53 2
O O Ch 100
(el s
add | AddMuiple.. |
2 30 Remaove | Bemoyve sl | 10
Felative Absolute | tnom | tmin | tmax | tact
& 2o 0.40 10029 Mot tested T 4
O sm 1.00 4.280 Mot tested =
& 1000 200 0.050 Not tested
& 2000 4.00 0.050 Mot tested

i}

1 10
A-M -1 In™1.000) - IEC Mormal lnverse

2. Define the test currents in multiples of the pick-up current (figure 6-4, 2) and
click ADD. Execute the first shot at a current of 2 times the pick-up value.
Further shots should be executed at 5, 10 and 20 times the pick-up value.

Note: Test points can also be defined directly in the diagram by pointing at
the required test current (i.e. vertical line) and then pressing the <Ctrl> key
and the left mouse button (or right mouse click and select ADD TEST
POINT) to add the test point to the list.

Individual manual shots can be executed immediately from the characteristic
diagram by placing the mouse pointer at the required test current, holding the
<Shift> key and clicking the left mouse button (or right mouse click and select
SHOT AT X.XxX). The test current can also be entered in absolute currents
by selecting VIEwW | ABSOLUTE CURRENTS.

The width of the columns of the test table can be adjusted with the mouse.
3. Select the General tab.

4. Define a pick-up test for "Relays with Start contact".
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Note: This test is only possible if a start or pick-up contact is available from
the relay. This input must be also configured as a "Start" contact in the
hardware configuration.

Figure 6-5:
Test View - General Test | Faut  General | Binay Out

— Pick-up Test

' EM relays without Start contact

™ Evaluate test

Trip Yalue Fiesolution
| 2500 1> 100.0 ms

Trigger Condition
’7Trigger Logic  AND & 0R

Input | Display Name|5tate
1 Trip [ 1
2 [Stert [

If no Start contact is available and the relay has a delayed reset characteristic
(e.g., electromechanical induction disc overcurrent relays), the "EM relays
without Start contact" pick-up test can be chosen.

First, this trips the relay at a test current specified by the "Trip value". Then it
decreases the current slowly until the relay resets, which is an indicator that
the disc is resetting.

By slowly increasing the current again, the disc motion can be reversed and
the pick-up current determined.

5. Define the trigger condition for the trip test. In our case the "Trip" contact is
the only choice. At least one relay contact must be specified as trigger, i.e.,
setto "1".

6. Select the Test tab.

Step 3: Defining the test report

1. Select PARAMETERS | REPORT. Adialog box appears where you can
define the scope of the report.

A detailed description about defining test reports can be found in the
"Concept" manual’'s section 5.2 "Test Reports”.

2. Select ViIEw | REPORT to display the test report.

3. Return to the Test View by clicking the TEST VIEW icon in the
Overcurrent toolbar or by selecting VIEw | TEST.

B |

4. Return to the OMICRON Control Center by closing Overcurrent.
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Figure 6-6:

Report View of a test in
the Control Center

Step 4: Copying and pasting the test for all other fault types
1. Select (highlight) the present test module for the A-N (L1-E) fault.

The black border around the object indicates that it is selected, refer to figure
6-6 (1).

2. Copy the object

Either left-click the Copy button in the toolbar or right-click and select Copy
on the context menu.

3. Move to the bottom of the present test by pressing the <Down Arrow> key on

the keyboard.

4. Paste the object six times (left-click the P AsTE button or right-click and

select PASTE).

Note: Before pasting, ensure that you are at the bottom of the document and
that no object is selected.

45, OMICRON Control Center - [Testl: Report View] =]
[@) Fle Edt Fomat Insett Lest Sorpt View ‘window Help vy, o METE
= E
Clzlel Sl sieial | Cimlel el (s o) B
E)| || o] k|| m| bx«/‘
E‘ VD3 &t 5B 7B 1 G A0 11 120 15 14 15 1B 1 1 18 1 1§
Fault valtage 6351V =]
Load Current: 0.00 Vn
Angle: -75.0®
Pickup Test
Test Type: Test with Start contact
Ttip Value 2.50 1/(In*l5)
Resalution; Scy @_)
1fin"ls)  1[A] tnom [s] tmin [s] tmax [s]  FaulthaxT [s]
200 040 100290 58127 18.9136 19.2819
500 100 42797 36328 50428 51437
1000 200 0.0500 0.0000 33438 34107
2000 400 00500 0.0000 0.1500 01530
Cut
Test Module C
Paste
harme OMICRON Owercurrent Version 1.20 e
Test Start 02-Juk1999 16:55:49 Test End 2-Jul1999 16:56:58 ET“ et/ Contnue
Cloar
Test Results for Fault Type A-N Ly
Fssess Pessed
Assess Failed
Overcurrent Characteristic Diagram | B
,,,,,,, Siop
: Prvse
Test Praperties
Objest Propeties
R — Overcunent Object >

an | : :
Copy the selection and put it on the Cipboard HUM

ﬂl 5. Change to the List View by clicking the its icon or selecting VIEwW | LiIST

VIEW.

6. Open the Test View of the first test module by double clicking the test module

object, i.e., the third line in figure 6-7 (1).
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7. Select the required fault type. In this case "A-N" (L1-E) should already be
selected.

* | Note: The parameters of a test can only be changed, if no results are
present. To clear any results, click the CLEAR icon or select
TEST | CLEAR.

8. Close the Test View.

. Repeat the last three steps for the next six test modules, such that a test for
a"B-N" (L2-E), "C-N" (L3-E), A-B" (L1-L2), "B-C" (L2-L3), "C-A" L3-L1), and
"A-B-C" (L1-L2-L3) fault is defined.

Note: A specific heading can be specified for each test in the same way a file
name is changed in the Windows Explorer. To do so, first left-click the test’s
name ("OMICRON Overcurrent") in the List View to highlight it and then left-
click the name again. Then the highlighted name can be changed (see figure

Figure 6-7:
List View in the Control ¢, IMICAON Control Center - [Town S5 Feeder 1 Siemens 75600 9907.occ: List View]
c [3] Ele Edit Fomat lnset Test Seipt Yiew Window Help |
enter o
DR S|E] & k=Rl 2lms] ﬂl‘ﬁ’lkf?l‘
0 S e W >|x|~/||
Testmodule [ Status [ Ready for Testing? [ Report |
() Dwercurrent Relay Short Form
T Hardware Configysatiqn Short Form
Test BN Fault Idls Feady for Testing Long Form
) st CM Faul Idie Feady for Testing Long Fom
i) Test 4B Fauit Idls Feady for Testing Long Form
) Test B Fauit Idie Feady for Testing Long Fom
[be) Test Tt Fauit Idls Feady for Testing Long Form
) st &BC Faul Idie Feady for Testing Long Fom
Clear 41l dane NUM
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6.2.6 Running the Test

The test can be performed in either stand-alone mode or as part of a test
document from the OCC.

Testing from inside a test module

1. Openthe Test View of the A-N (L1-E) fault by double clicking the test module
object in the List View.

Figure 6-8:
Running a test from ', OMICRON Overcurrent - [Test View: Overcurrentl] =
L [ File Edit View Test Paramelers Window Help NEE|
inside a test module = S
Dls(@| =] efsE@ Blw o] »[=]x| 2|
la&l ﬁhslra\
Toat | Faut | General| Binay 0t Overcurrent Characteristic Diagram W2,
~Faultppe——————————— o [T o
ltest: 20001 o
#E Lol K | .
(oh e Yol 0 Relative Ta: I> b ()
e ey @ B HCH
o) iz ; ]
alel el el : 1A
- : 9
g2 i) Fiemayve Fiemoye Al ol 1B
; 9
Relative | Absolute | thom [ tmin | tmax | tact : Ic
4 2m 040 10,029 10,864 '
4 5m 1.00 4,260 4,076 T
4 100 200 0.050 78 '
42000 400 0.050 0082 |
@) @ o
o
1

10
AN -1/ 1n*1.000] - IEC Nommal Inverse

=

. Click the Starticon or select TEST | START.
The nominal and actual trip times are displayed (figure 6-8, 1).

An assessment for the tests is displayed in the test table (2) and on the
overcurrent characteristic (3).

The green plus is displayed if the assessment of a test passed.
The red "X" is displayed if the assessment of a test failed.

3. To view the report, click the REPORT VIEW icon or select
VIEW | REPORT.

4. To return to the Test View, click the TEST VIEW icon or select
VIEW | TEST.

[ |2 x+

5. Close the Test View to return to the Control Center.
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Testing from the Control Center

1. The same test that was run with a stand-alone test module can also be run
from the Control Center with Overcurrent embedded in an OCC document.

Figure 6-9:
Running a test from the ‘5, DMICRON Contiol Center - [Town $5 Feeder 1 Siemens 750600 9907.occ: List View]
Control Cent [l File Edit Fomat Inset Test Secipt View Window Help TS
ontrol Center — -
R RN T EE ]
E)| =] o] ] e ] ]v]
Testmodule [ Status [ Fieady for Testing? [ Report |
) Overcurrent Relay Short Form
T Hardware Configuiation Short Form
i) Test A Fault Idls Feady for Testing Long Form
) st BN Faul Idie Feady for Testing Long Fom
] ) Test: CH Fault Idls Fleady for Testing Long Form
E Fault Ready for Testing Long Farm
i) Test B Fauit Idls Fleady for Testing Long Form
) st - Fauit Idie Feady for Testing Long Fom
) Test 4B-C Fauit Idls Feady for Testing Long Form
Start/continue test for sslected test madule: NUM

2. Select the test module for which a test is to be performed, in this case that's
the A-B (L1-E) fault.

Click the Start icon or select TEST | START.

4. To view the results, click the Report View icon or select VIEw | REPORT.

4t

Running a fully automatic test from the Control Center

1. Select the pull-down menuitem TEST | SETTINGS and change to the
Overall Test tab. At "On Fail in Test Module" enable the option "Test Module
visible during Test".

2. Click the Start All icon or select TEST | START ALL.
Note: The test may take several minutes to perform.

»|
| 3. To view the results, click the REPORT VIEW icon or select
VIEW | REPORT.
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6.2.7
9

Figure 6-10:
Creating a test template
from a test report

D

Converting the Test Report to a Test Template

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Before converting the test report to a test template, be sure that you have saved
the test report.

5, OMICRON Conliol Center - [Town SS Feeder 1 Siemens 75J600 9907.occ: Report Yiew]

[2] Ele Edt Fomat |neett Iest Soipt View window Help =] |
MEEE e E SRR |@|@||W
E)|®| =] or || m|n DX~/|
_g 112 1 3 14t BBt Pt Bt G-t A0 11 12t 13 1 14 1 15 16 1 14 1 18 118
Test Object - General Data j
Suhstation/Feeder:

Substation Town Substation Substation address:

Feeder: Feeder 1 Feeder address

Protecting Device:

Device name: Overcurrent Relay Manufacturer: Siemens
Device type SJ500 Device address
Serial number. KYZ 099 A

Hardware Configuration

Test Equipment:
Type / Output CMC156 |
Serial Number: Offline

Test: A-N Fault

Test Object - Parameters

Overcurrent Protection

Abs. Time Talerance 0100 s

Rel. Time Talerance: 10.00 %
Abs. Current Tolerance: 0.10 Ifn

Rel. Currert Tolerance: 5.00 %

PT Connection: On Line

CT Starpoint Connection:  Towards Line
Directional: no

1. Click the Clear Allicon or select TEST | CLEAR ALL.
Click Y Es to clear all test results.

Do not click the Save icon, because this overwrites the test report file with
the test template file. All results will be lost.

Save the test template under a NEW file name and preferably also in a
separate directory for test templates.
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B The Distance test module provides the functionality to define and perform tests
2 of distance relays by impedance element evaluations using single-shot
definitions in the Z-plane with graphical characteristic display.

Definition of relay characteristics

A graphical characteristic editor makes the definition of the nominal relay
characteristics and settings quick and easy. Starting, trip, extended, and no-trip
zones can be defined by using predefined elements. A complete overview of all
defined zones is provided.

Using the RIO/XRIO format! (Relay Interface by OMICRON), supported by
many relay manufacturers, makes it possible to directly import the relay data
from your relay parameter setting software (contact your relay manufacturer for
details).

The impedance settings for the zones can be are entered and displayed in either
primary or secondary values.

Definition of distance tests

Tests are defined in the impedance plane: Test points are added to a test point
table, with the mouse or by keyboard entry. This table is separated into several
tabs, each tab belonging to a fault loop, e.g., A-N (L1-E), B-N (L2-E), C-N (L3-E),
A-B (L1-L2), A-B-C (L1-L2-L3). Test points can be defined for several fault loops
at the same time (e.qg. for all single-phase loops) or for every fault loop
separately.

When a test is performed, the test point lists belonging to the individual fault
loops are worked through. The reaction of the relay is compared to the specified
nominal settings and an assessment is made. The results are displayed
graphically in the impedance plane as well as numerically in the test point table.

The voltages and currents belonging to a test point and the relay’s reaction
(switching of output contacts) can be graphically displayed for a more in-depth
analysis of the results. Time measurements by using cursors are possible.

1. XRIO represents the second generation of RIO file technology. More about that subject in
chapter 3.1 "XRIO” in the Concept manual. For technical background information about the
XRIO file format, please see the XRIO manuals that were installed with the Test Universe
software (unless deselected) into the "Doc" folder. You find direct hyperlinks to these manuals
in the online help topic "User Manuals of OMICRON Test Universe".
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Example: Primary Distance Protection Test

Sample files:
« Distance-LFZR111. dst
« Distance-LFZR111. ohc
« Distance-LFZR111.rio

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Task

As part of routine maintenance within Green Valley transmission substation, the
operation of the primary distance protection relay on feeder 2 has to be checked
(Device 21; refer to figure 7-1). The relay in question is the LFZR 111 set with a
basic Mho characteristic three zone operation. No schemes such as POR or
PUR are used.

Itis assumed that the relay has previously been programmed with the necessary
data and that the relay test engineer confirms these settings and correct
operation. Testing of any DEF, Inst’ Overcurrent, IDMT Overcurrent, or Power
Swing Blocking features are not covered in this example. However, other
modules within the Protection Package are capable of these tests.

1. The relay operates correctly for faults occurring within the respective
zones of protection. For example, zone 1 single phase to earth fault is
seen as a zone 1 event.

2. Various trip times are within nominal trip tolerances.
3. The results are displayed in both tabular and impedance plane formats.

4. The report of results is suitable for inclusion in the substation file without
alteration or editing.

5. Fault types to be tested are: Single phase to earth, phase to phase, and
three phase.
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Figure 7-1:
Schematic diagram
showing an example Tiger Bay Green Valley Blue River Rocky Bay
transmission system.
The relay to be tested is X &0
at Green Valley X_
Substation. 10 Ok X
21
System Voltage 230KV ZWZ1=3.570htms Arz —4.6 Degs
Zolid Crounding
CT Ratio 800:1

WT Ratio 230000:110
Z1=0.08%+10.476 Ohmikm
Z0=0.426+11.576 Chmilam

FLT Level(lMVA):

Location Mlas Min
Green Valley 5000 2000
Blue River 3000 1000

\/ Solution

This test example uses the Distance test module in stand-alone mode.
Time for this example 30 - 60 minutes (off-line or with a relay).
Equipment required:

* OMICRON Test Universe — consisting of CMC 256 or 156 three-phase
test set, Protection Package Software, and connection leads.

e Multimeter, i.e. EnerLyzer for CMC 256 or Fluke.

» All associated manuals for the relay.

e System parameters and interconnection knowledge.

« Relay Settings Sheet — for settings used in this example.
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7.1.1

7.1.2

9

Starting the Distance Test Module

Start the Distance test module in stand-alone mode from the OMICRON
Start Page by clicking DISTANCE.

Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item
PARAMETERS | TEST OBJECT or by clicking the Test Object toolbar icon.
In Test Object, you can browse, access and edit the test object parameters.

A detailed description of Test Object and the closely related subject "XRIO" can
be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.

In this example we want to import the test object parameters from a file.

1. Select PARAMETERS | TEST OBJECT to open the dialog box for the
test object-specific data.

Using the RIO/XRIO? format, relay data and parameters can easily be
imported (and exported) from and to files ("Import" / "Export" buttons).

Some relay manufacturers also use the RIO/XRIO format to export
parameters from their relay parameterization software for direct import
into the Test Universe (e.g. Disgi by Siemens). Contact your relay
manufacturer for details.

2. Import the file Di st ance- LFZR111. ri o to load the parameters for the
protection device.

3. Now look through the settings for:
e System Settings,
e Zone Settings,
« Default Test Settings.

Figures 7-2 to 7-4 show the corresponding standard pages of the distance
protection parameters.

4. When satisfied that all test object parameters are correct, return to the
Test View.

1. For technical background information about the XRIO file format, please see the XRIO manuals
that were installed with the Test Universe software (unless deselected) into the "Doc" folder. You
find direct hyperlinks to these manuals in the online help topic "User Manuals of OMICRON Test
Universe".
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Figure 7-2:

Standard Test Object
page for the system
settings after loading
the file Distance-
LFZR111.rio

System Settings

Distance protection parameters =] S
System Settings | Zone Settings |

— Syztem parameters

™ Impedances in primary values
Line length: I 1.0000

™ Impedance camection 14/ nom
Line angle: I 80.00

PT connection: Iat line vl 2
CT starpoint: IDir. line 'l

~ Tolerances

Tal T rel: I 5.000 %
Tal T abs. +: Im
Tol T abs. - Im
Tal Zrel: IW 0
Tal £ abs.: Im

— Grounding factor

Mode: IZD.-"Z‘I 'l
20721 I 3372 10
Z0/21 angle: I -4.60 °

[ Cale. with RE/RL and *E /AL

o
o

[T Separate arc resistance -20 -10 20

RiQ

QK I Cancel | Help |

2

"System parameters" and "Grounding factor" can be entered from the calculated
settings data. Tolerances come from the data sheets for the relay and can be
entered as absolute or relative values.

Note: Tolerance values can also be entered or edited individually for each zone
on the Zone Settings tab.

CB simulation is set to 100 ms (at the Test Object’s CB Configuration block).
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Zone Settings

Figure 7-3:
Standard Test Object Distance protection parameters M=1E3

page for the zone System Settings  Zone Settings |

settings after loading -
the file Distance- °"°N [ o | o | xia
. e elete it.. -
LFZR111.rio =
Zone |Label Type Fault loop | Activ = | 50
""" Z1 |ZILN Tripping LE [ a0 4
ZE1 21 Estended L-L C
ZE1 Z1x LN Estended L-E C
zz |22 Thipping L ~ =0
Z2 221N Tripping L-E [v
23 23 Tripping L-L [v 20 9
23 Z3LN Tripping L-E [v
Z4 Z4 Tripping LL C 10
24 Z4LN Tripping L-E N
21 Z1 LM Quad | Tripping L-E N o
ZE1 |21 LN Quad |Extended L-E C
Z2 Z1 LM Quad | Tripping L-E —
Z3 |21 LN Quad|Tripping LE C 107
24 Z1 LM Quad | Tripping L-E [~
1= e 3 i | - 20 4
—Zane details: 21 =07
Trip time: I 20.00ms [ Tol T rel: I F.000 % an
™ Tol Zrel: I 2000% T Tol Tabs +: I 100.0 ms I I I I l
™ TolZabs:[” 6000m0 [~ Tol Tabs.-: [ 1000ms 20 0 0 0 20

QK I Cancel Help

For information on how to define new characteristics or edit existing ones, refer
to section "Tip 2: Entering Characteristics” on page 110.
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Figure 7-4:
Standard Test View Shat Test Settings|Tngger|
page for the default test ] -
- Test model ime:
settings after loadin
th flg Dist 9 IEonstant test current 'l Pre-fault: I 1.500 2
€ Tile Distance-
LFZR111.rio ITest: I 1.000 & I ax fault: I 3.000 5
' M aximurn fault impedance Past-fault I 2000 ¢
L-E: I ME40

L-L: I B0.00 5 Time reference:
I Fault inception - l
LLL: I E9.28 0

[T Estended zones active

W Allow reduction of ITest

V' Switch off at zero crossing

— Fault inception

Mode: I randaom = l

Angle: néa
[V DC-offset

The "Test Model" is Constant Test Current (refer to section "Tip 1: The Constant
Test Current Model” on page 110 for more information).

e "Fault inception" is selected as random.
» "DC offset" is selected.
« "Time reference" is selected as Fault Inception.

« "Prefault", "Fault", and "Post Fault" times can be set as required.
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7.1.3 Configuring the Hardware

=

2

N

In this example we want to import the hardware configuration.

1. Click the Hardware Configuration icon to open the Hardware

Configuration window.

2. Click the "Import" button and select the file Di st ance- LFZR111. ohc to

load the hardware configuration data.

In this example, three voltage and three current channels are used
(Analog Outputs tab) as well as one binary input for each trip relay
output contact connection (Binary / Analog Inputs tab).

. When finished, click OK and return to the Test View.

Note: Any changes in the hardware configuration can be saved to a new
OHC file and preserved for future use.

The physical connections between test set and relay under test are not
described here because they may change according to test block
configuration, secondary wiring anomalies, and other practical
engineering constraints.

A detailed description of the Hardware Configuration can be found in the
"Concept" manual’'s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.
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7.1.4 Defining the Test

The procedure described below can be followed for educational purposes.
However, as a time saver, you can also open the file Di st ance- LFZR111. dst
to automatically load all data used in this example.

If you are creating the test new (i.e., not using the provided example file
Di st ance- LFZR111. dst), save this test using the FILE | SAVE AS
command. Give the file a name of your choice (nane. dst).

Step 1: Defining the test settings
%l In the Distance Test View select the Settings tab.

For this example we want to use the default test settings defined at the test
object parameters as described in section "Default Test Settings” on page 101.

Click the "Apply Test Object Defaults" button to load these settings. The
Settings tab then displays the settings as shown in figure 7-4 on page 101.

Step 2: Defining the trigger conditions

The Test View's Trigger tab configures the trigger conditions for the binary
inputs. Figure 7-5 shows the contents of this tab. Note that only one binary input
is used for this test (the relay should have been set to use this contact for any

trip).

Figure 7-5:

Trigger tab Shat | Settings Trigger|
- Trigger condition——————————
Trigger logic: U AND  FUOR:
Trip IE [ ot Lreed IE
Start = Y et IE,
[{atused = | Hotused IE
[atused = 7| Hatused IE
f{atused & [ | Htused IE

The Trogger logic is set to OR. The Start contact is not used in this case. This
condition is denoted by the "X" in the selection window.
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Step 3: Defining the test points

The impedance plane in the Shot tab shows the relevant zone data. Now the
test points can be defined.

Figure 7-6:
. . . "5 OMICRON Distance - [Test View: Distancel]
Distance Test View prlor F& Ele Edt Wew Iest Paamelers “indow Help == %]
to setting the test Dl = BlEr] Bl of »]s]o]x] 2% [6 ~] B [ =]
procedure bt Test | satigs | Trger| Fault L1-E
~Testpont—————— —Faul type: Ha
1z 00m0 & R 0.000 & r‘fU'E Add Eh
Fhi T %[ oom0a || e Fiemave
Lz e
(ol -} @
CoLE LI 25 4
C L2138 | Removesl
tact: [ nfa  Assessment:[Not tested | 27
[ Stae [ 4zZi [ P [ tact [ trem [ ] 89
104
54
o
54
04
s
[FD 16 A2 ASE ATz A2 ABE A G| 3% o 45 A0 5 0 5 40 15 20 35 g
j‘NuEMCiswnnectedluF‘C .l .| ,l ,l .l .l 123 45 E 783910
” VL-E|VI2E[VLIE 1L L2 | 13 Ll S S S S O S S i o
For Help, press F1 =
1. Select each test point in the impedance plane diagram with a left mouse
click (refer to figure 7-7).
Figure 7-7:

Selecting a shot using
the mouse in the
impedance plane

£=08,33 Phi=80,6

i
s
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Figure 7-8:

Adding a test point to
the test point tables of
all fault types

Figure 7-9:
One test point added to
the test point table

2. To add this test point to the test point tables of all fault types (i.e., L1-E,
L2-E,L1-L2, etc.), click the "Add To" button and then select the checkbox
"All" in the appearing dialog box. Click OK to close this dialog box (refer
to figure 7-8).

Add test points to EHE

— Fault types
Ok

E tS:E Cancel |

vV L1112
V L2L3
vV L3L1

V L1213
I Al

3. The test point is added to the test point tables of all selected fault types
as shown in figure 7-9.

5 OMICRON Distance - [Test View: Distance_GR. dst]
Fie Edit View Iest Paameters Window Help =12l x|

DIzl =] e/ ] Bl o »[s[u[] 20¢] [o ] 8 = =l

Shot Test | Seltings | Trigger | FaultL1-E
Test poirt (Eel HE
1Ze[ B3 L R 1,357 0 r‘: LE i Eh
L2E
Phi se2t x| sz n ||~ 5 Fiemave
[alETT) e
1213 Add To
L3l 25
C L2138 | Removesl
tact: n/a  Assessment|Not tested | 27
154
104
54
i
54
10+
154
TPINLI-E AI2E A € A U2 A 203 A B0 A <] | » B o < A & 7 o 15 w3 4
tel
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Figure 7-10:
Completed entry of test
points (L1-L2-L3 tab).
The same test points
are defined for the other
fault types.

=]

7.1.5

4. In this example, the engineer chooses test shots along the characteristic
angle of the protected line to show the accuracy of the zone reach
settings. The points are shown in figure 7-10, with the process for entering
each point being the same as described above.

5 OMICRON Distance - [Test View: Distance_GR.dst]

B Fie Ecit Wiew Test Parameters Window Help TR
D|=(=| | 2=k Blwl o »l=u]x] 2| [E A B [ )]
Shot Test | Settings | Trigger| FaultL1-L2-3
e —————— FedliEs L
12t T 6331 4 (": LIE Add &b
L2E
Phi R N e Femove
[oiR IS el
L2 Add Ta.
€ L3l 26 4
& LA2L3 | Removedl..
20
tact: [ nfa  Assessment:[Not tested
Slale [H Phi tact t nom o] 154
i o 5329 080G - nfa| 2000 ms
2 O 1397 8| 7387 ” nfa| 2000 ms
[ 43 0,00 na 000 s 104
9] 13 7390 nla 000 s
[} 53 0,04 n/a 500 <
[} 20 7390 na 500 5 59
[a} a4 7999 ° n/a o tip
0
54
04
5
[PINLIE ALZE A L3E A L2 A 23 At AL« | » ¥ , ' | : : J . y ; '
[T T 26 -2 15 A0 5 0 5 10 15 20 35 g
ﬂ Mo CMC is connected to PC 123 456 708 310
i Ve vIE|vI3E| 111 | 1Lz [ 13 CRERCRCNCNCRCAG AR
For Help, press F1 = &

5. Save this test routine. Choose FILE | SAVE or the "Save" icon from the
toolbar, which saves the file under the name previously chosen, say
nane. dst .

Defining the Test Report

Select PARAMETERS | REPORT. Adialog box appears where you can define
the scope of the report.

A detailed description about defining test reports can be found in the "Concept"
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.

Select VIEw | REPORT to display the test report.
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7.1.6 Running the Test

Step 1: Running the test

Once at the job site, set up the equipment, and then retrieve the test routine
nane. dst . Set up and check the wiring. Then the test of the LFZR111 distance
relay can begin.

Start the test by clicking the "Start" toolbar icon.

Pause the test with the "Pause" toolbar icon.

EE=

Stop the test with the "Stop" toolbar icon.

During the test each test point (shot) is highlighted when being tested. A green
cross following testing indicates that the test point has passed (red cross =
failed). Use the context sensitive help system for more information about the
other results symbols and their meaning. The test should run automatically until
the final test point in the L1-L2-L3 tab has been tested.

Step 2: Viewing the test report

| Select VIEwW | REPORT to display the test report. Figure 7-11 shows the
report produced in this example. You can scroll through the report to inspect the
results and finalize any report content formatting.

Figure 7-11:
: i DMICRON Distance - [Report View: Distance_GR_dst]
Report View after the Fle Edit Wiew Iest Paameteis ‘Window Help =& x|
test is finished Dlz(e]| 2| [eE] Blwl of » =[] 2] [oa] 0=
T \\‘ A LG Sl =
5 Y ‘\ ¥
=, P
5 2
I
-0 ‘1"
154
30 -25 30 16 10 -6 0 & 10 15 30 25 30 gy
Hardware Configuration
Test Equipment:
Type / Qutput CMCISEY  CMCIZ6 |
Serial Number. DE185D DE185D
Test Results
Shot Test: Fault Type L1.E
17| Phi tact 1 nom Dev. [Test Result
8329 @ B0BE ° 1840 me 2000 ms 8022 % 1000 A Passed
1997 @ 7957 ° 2889 ms 20,00 ms 4447 % 1000 A Passed
1543 Q BOO0° 1019 s 1000 s 1906 % 1000 A  Passed
2313 Q@ 7990 ° 1028 s 1,000 s 27685 % 1000 A Passed
2453 Q@ BOD4 * 1520 & 1500 5 1316 % 1000 A Passed
3420 @ 7990 ¢ 1529 ¢ 1500 s 1942 % 1000 A Passed
44 Q@ 7999 ° notrip no trip nfa 9740 mA  Passed
Shot Test: Fault Type L2.E
17| Phi tact 1 nom Dev. [Test Result
8329 @ B0BE ° 1670 me 2000 ms -1852 % 1000 A Passed
1397 @ 7957 ° 1940 ms 20,00 ms 3023 % 1000 A Passed =l
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7.1.7

Investigating Particular Test Points
If you want to investigate the relay’s response to one particular test point within
the test, you can

» either perform a single shot test without recording results to report

« orview the signals.

Single shot test without recording the results

Highlight the test shot point in the relevant fault type tab and click the "Single
Test" icon in the tool bar.

The shot is made and the relay’s reaction can be repeatedly assessed. No
results are recorded.

108



Viewing the Signals

It is possible to view the waveforms applied to the test object by the test set in
the magnitude versus time plot of the Signal View.

1. Select a test point of interest in the relevant fault type table.
F’Hl 2. Click the "Signal View" toolbar icon or select VIEwW | TIME SIGNAL.

The waveforms output to the test object are displayed along with the
graphical representation of the binary inputs, which were the trip signal
condition in this case.

By means of the cursors, measurements can be made; for example, an
indicated trip time can be assessed (figure 7-12).

Note: The signal view of a test shot can be exported to the test report.

Figure 7-12:
Time Signal View

showing the waveforms D=(= 2| 2=~ 8]% o .| |“|>‘|i|£|H|__|_'[|1'_|I’_B‘”

applied to the relay and
the condition of the Fquu Tnp Postfault I
binary input trip channel '

5 OMICRON Distance - [Time signal: Distance_GR.dst]
F# Fle Edit View Test Paameters Window Help MRS

Cursor 1 IW i -u,p 0.01 o0 J 1 J } . I X 5 A 112 : s
Cursor 2 18,36 s i f :
Delat 18,36 ms | |
LT WL2 VL3
12
150 { 1
1.00 t | s
050 002 om -o0pn, 0.m noz 0.0z o004 0.06 0.08 o7 o0s 003 o010 011 112
0.00 + + + 1 + i+ + + + t + t + t + t t
050
1.00
-1.50
L1 Lz L3
Trip | I |
Start | T - ! I
003 002 uing -0.00 0m 002 0.0z 004 0.06 008 007 [uli:) 003 o010 011 01z Us
CB52a ‘ T T I
cB 5% | 1 i |
Est. zones active | I ] |
003 002 001 0,00 0,0 002 003 004 0,06 006 0,07 008 003 o10 011 012 vs
L1 — 2]
nl 3. Choose FILE | SAVE, and enter a name for .DST file.
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7.1.8

Figure 7-13:
Standard page when
adding a new zone
characteristic. Click
"New" then "Edit..."

Tips

Tip 1: The Constant Test Current Model

The Constant Test Current Model assumes a theoretical current source
(infinitely high internal impedance) connected to the fault loop. The test voltage
is calculated from the product of the constant current and the total fault loop

impedance.

Tip 2: Entering Characteristics

Entering characteristics is described using the standard pages for the test

object-specific data.

1. To enter new zone detail, click New in the Zone Settings tab of the

"Parameters for Protection Device" window. Figure 7-13 shows the Zone

Settings tab.

Parameters for protection device H= &3
System Settings  Zone Settings |
— Zone Wi o
New | Delete | Edt. | 176
Fault loop  [Active 1,50
...... 1,28 4
1,00 4
0,75 1
0,50
0,25 4
-0,00
-0,25
-0,50
-0,75
-1,00
-1,25
—Zone details: 21 Al -1,50
Trip time: IW W Tol Trel: IW 1,75 4
W Tal Z rel: IW I~ Tol. T abs. +: IW 2,00 L, L L | |
I TolZabs:[ 5000 mg I TolTabs-: [ oo00s | 06-03 00 03 pig
QK | Cancel Apply Help
2
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2. Now click EDIT... to open the Characteristic Editor.

Figure 7-14:
Characteristic Editor ! Characteristic Editor [_ O[]
~Element W -
List————  Drawing gd
™ Autoclase 5 -
| Inzert I | Inxert I 4]
2 -
| Bemove I | Irvert All I n
_2 -
— Predefined shapes———————————— -4 7
_6 -
Ole|ldl | =
100 -50 0,0 5,0 Ric
Elemert list:
S 3. Toinput a zone 1 Mho tripping characteristic, first click the "Mho" icon in
= the "Pre-defined Shapes" section. Adjust the forward reach to the value
required from settings sheet.
The result should be as shown in figure 7-15.
Figure 7-15:
Defining a Mho ! Characteristic Editor [_ O] x]
characteristic using — Element -
predefined shapes and List———— - Drawing a
adjusting the forward [ fealas 20,0 7
reach 17,5
| Inxert I 150 1
[ nvetan | 12,5 4
10,0
7.5
5,0
2,5
U
100 -50 00 50 100 Ric

Elemert list:

1
Mha
Forward Reach 2207 &L
Dffset 0,000 &
Angle a00 *
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4. Click OK to return to the Zone Settings tab.

The characteristic is shown in the impedance plane on the right bound by
the relevant tolerance borders shown with a broken line. Highlighted in
black, the associated information is entered into the table on the left hand
side. Currently Z1 is active, the Mho shown is functional for all fault loops
(i.e. P-E, P-P, 3P), and it is defined as a tripping characteristic.

The relative tolerances for Z (measurement) and T (operating time) can
be set here also along with the nominal tripping time for Z1.

5. Repeat the above process for adding additional zones.

Tip 3: Editing an Existing Zone

Editing an existing zone is described using the standard pages for the test
object-specific data.

1. Highlight the correct zone in the list.
2. Click "Edit...."

3. Perform the necessary adjustments to data in the Characteristic Editor
and click OK.

Tip 4: Relay Settings

CTR/VTR =0.38

Reach Z1 Setting

0.8 x 100 x 0.484£80° x 0.38 = 14.71/80° Ohms sec
Reach Z2 Setting

(100 + 30) x 0.484.280° x 0.38 = 23.9£80° Ohms sec
Reach Z3 Setting

160 x 1.2 x 0.484.£80° x 0.38 = 35.31£80° Ohms sec
Offset Z3 Reverse

0.1 x 14.71/80° = 1.41/80° Ohms sec

Ground Fault Neutral Compensation Factor (kzn)
Kzn = (ZI0-zI1) / 3ZI1 = 0.79.£-6.5°

Relay setting used kzn = 0.79£74°
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8 ARC

The Autoreclosure test module is used for testing autoreclosing processes
together with a line protection.

=

For testing the autoreclosing (ARC) processes, the Autoreclosure test module
emits an adjustable mains short circuit to the line protection. The trip commands
of the protection and the circuit breaker (CB) close commands of the
autoreclosure are measured and fed to an integrated circuit breaker simulation.
By using this method, the current and voltage signals of a dead time are
simulated in real-time and emitted to the test object.

The Autoreclosure test module offers two test modes:
» Unsuccessful Sequence

e Successful Sequence

with any number of reclosure cycles (AR cycles).

For each AR cycle, the following quantities are automatically assessed and
logged in a tabular test report:

e trip time

 trip mode (single pole / three pole tripping)
e dead time

e duration of CB Close

« final tripping

The current and voltage signals, the trip and CB on commands, as well as other
binary signals are displayed in the Time Signal View.
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Figure 8-1:
A typical AR sequence

8.1

8.1.1

Line-Fault | |

|
Start I__I

" Iy ﬂ

Action time ) | |

sosioe, | [ | |
\
kY

CB-OnComrmand

CBClosed

Reclairm tirme | |

Configuring the Autoreclosure Test Module

Start the Autoreclosure test module in stand-alone mode from the OMICRON
Start Page by clicking Autoreclosure.

Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

A detailed description of Test Object and the closely related subject "XRIO" can
be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.
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8.1.2 Hardware Configuration

71 Click the Hardware Configuration toolbar icon or select HARDWARE
_| CONFIGURATION onthe PARAMETERS pull-down menu.

General Tab

Specify the used test set on the General tab.

Analog Outputs Tab

By default the three phase voltages and the three phase currents are selected.
The fault voltage and the fault current can be output as well. This allows testing
of protection devices that require higher currents.

Binary / Analog Inputs Tab

By default, input 1 is assigned to the trip command of the protection device and
input 3 is assigned to the CB on command. Signal 2 is prepared for the recording
of any other signal of the protection device. This signal can be set to "not used".
The selection of the binary signals determines whether the fault is switched off
by a three-pole tripping or by a phase selective one-pole tripping.

If the fault is to be switched off phase selective, do not use the trip command.

> A detailed description of the Hardware Configuration can be found in the
@ "Concept" manual’'s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.

8.1.3 ARC Settings in the Test Module

Shot and Times

In this tab set the fault type, the fault voltage, the fault current and the angle
between the fault voltage and current.

The fault description is automatically created and can be modified. The
maximum times for the trip command and the AR pulse are of particular
importance. If no trip command is detected within the specified maximum time
for the trip command after the fault is output, the test is aborted. The dead time
is started as soon as the trip command disappears and ends with the occurrence
of the CB on command. If an expected CB on command is not detected within
the specified maximum time, the running sequence is aborted as well.
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Figure 8-2:
Parameterization of an
unsuccessful sequence
test — "Event" column

Unsuccessful Sequence

On this tab testing of the unsuccessful sequence can be activated or deactivated
and the number of cycles can be specified. The correct setting of the latter
depends on the settings at the test object. If, for example, the test object is
parameterized to three AR attempts (one short dead time and two long dead
time cycles), the number of cycles has to be set to three.

On this tab also the events to be measured and the mode of assessment are
defined for each cycle.

£ Test View: AWE-75A511.0ar O] x]
Shat and Times ~ Unsuccessful Sequence |Successful Sequence I Measurement Settings I
IV Enable Test I 1 ﬂ Mumber of expected Cycles
Add Event | Delete Event |
Cycle Event Assess Mode Tnom +/- Tdew 1
1 Trip Ll Record Only |+ nfa nfa
Dead Time Record Orly = nja nja
- CE on Expected - nfa nfa
Final
na Mot Expected nfa nfa
Trip L1
Trip L2
Trip L3
3p-Trip
Mok used
| | i
(B ready | Synchronized signals
Check the functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is no
| | Switeh GFF Bie EE-Ready sianal with Begin af the Rl e
I | Switeh GFF B Synehranized|sianal with Begin of the Rl e

The dead time and the CB on command can always be captured. The signals
Trip, Trip L1, Trip L2, Trip L3 can only be selected in the "Event" column if these
signals are selected in the hardware configuration (refer to figure 8-2).
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In the "Assess Mode" column (refer to figure 8-3) the following settings can be

selected:
Record Only: The result is only recorded, no assessment is performed.
Time: The assessment is performed according to the settings for
Tnom and Tdev.
Expected: The assessment is positive if the event occurs within the
maximum time.
Not Expected: The assessment is positive if the event DOES NOT occur
within the maximum time.
Figure 8-3:
Parameterization of an £ Test View: AWE-75A511.0ar 1= = =] B3
unsuccessful sequence Shat and Times ~ Unsuccessful Sequence |Successful Sequence I Measurement Settings I
test — "Assess Mode"
column ¥ Enable Test Il_il Nurnber of expected Cycles
Add Event | Delete Event |
Cycle Event | Assess Mode | Tnom +/- Tdey 1
q Trip = ||Record Only =l nja nja
Dead Time - nfa nfa
) 3p-Tri Ti i i
Fnal | Coon [expectes ofa ria
Mot Expected

1 | i

(B ready | Synchronized signals

Check the functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is no

| | Switeh GFF Bie EE-Ready sianal with Begin af the Rl e

I | Switeh GFF B Synehranized|sianal with Begin of the Rl e

The "Final" cycle is configured by default and cannot be changed. With this cycle
the final three-phase tripping is tested and it is tested that no further CB on
command occurs.
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Successful Sequence

On this tab testing of the successful sequence can be activated or deactivated
and the number of cycles can be specified. The number of cycles for the
successful sequence must be at least 1 and smaller or equal to the number of
cycles set for the unsuccessful sequence.

The settings for the events and the mode of assessment are taken over from the
unsuccessful sequence and cannot be changed here.

The "Final" cycle is configured by default and cannot be changed. With this cycle
it is tested whether no new tripping occurs.
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8.2

Sequence of an AR Test

Testing an unsuccessful AR and a successful AR can either be performed within
one test sequence or by separate test sequences. By default both tests are
activated.

In order to set the test parameters for the tests or to display the results, open the
corresponding tab Unsuccessful Sequence or Successful Sequence in the
Test View.

The signal curve for the currently selected test is displayed in the Time Signal
View.

Each test starts with the output of the prefault state.

After this, the following sequence is repeated according to the specified number
of cycles.

- Output of the fault state, waiting for the occurrence of the trip command.

- 50ms after the occurrence of the trip command (CB switching time), the fault
state is switched off at the next zero crossing of the currents. The voltage and
the current are zero. If the trip command is routed, always a three-phase
tripping is performed.

- Start of the dead time, waiting for the occurrence of the CB on command.
- 50ms after the occurrence of the CB on command the fault is output again.

The sequence is aborted, if no trip or CB on command is detected within the
maximum time.

When testing an unsuccessful sequence, the fault state is output after the last
reclosure in order to test the three-phase tripping. After the maximum trip time
all voltages and currents are switched off.

When testing a successful sequence the prefault state (healthy system) is output
after the last reclosure in order to test whether no new trip command occurs
during the maximum trip time.

If both tests are activated, the unsuccessful sequence is tested prior to the
successful sequence. The maximum CB close time is also used as the time
between the termination of the unsuccessful sequence and the start of the
successful sequence.
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8.3

4

8.3.1

Figure 8-4:

Test module settings -
Unsuccessful
Sequence tab

Example 1. Offline Example

Please use the following test task to become familiar to the usage of the module
in offline mode before using the module the first time for a particular test.

Test Task

A protection device with ARC function is parameterized in a way that two AR
attempts are performed for any case of fault.

< Nominal voltage of the test object: 100V

* Nominal current of the test object: 1A
Test Module Settings

In the Shot and Times tab keep the default settings.

The fault specified by default is a L1-Ground fault with a fault voltage of 0V and
the fault current set to twice the nominal current. The voltages and currents
occurring in case of a fault are displayed in the Vector View.

Switch to the Unsuccessful Sequence tab. Increase the number of cycles to 2.

‘[\J Test View: AWE-75A511.0ar

Shat and Times ~ Unsuccessful Sequence |Successful Sequence I Measurement Settings I

[+ Enable Test I £ i’ Mumber of expected Cycles
Add Event | Delete Event |
Cycle Event Assess Mode Tnom +/- Tdew 1
1 Trip - Record Only |- nfa nfa
Dead Time - Record Only |- nfa nfa
Trip - Record Only |- nfa nfa
2 "
Dead Time - Record Only |- nfa nfa
Final 3p-Trip Expected - nfa nfa
CE on Mot Expected nfa nfa
il | i
(B ready | Synchronized signals
Check the functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is no
| | Switeh GFF Bie EE-Ready sianal with Begin af the Rl e
I | Switeh GFF B Synehranized|sianal with Begin of the Rl e
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In the Successful Sequence tab the number of cycles is automatically preset
to two cycles as well.
Figure 8-5:

Test module settings -
automatic adoption of

k!Tesl View: AWE-754511_oar

Shat and Times | Unsuccessful Sequence  Successful Sequence |Measurement Settingsl

the number of cycles in
the Unsuccessful i
Sequence tab =
q Mumnber of Attempts I 2 j
Cycle Event Assess Mode Tnom +/- Tdew 1
1 Trip Record Only nfa nfa
Dead Time Record Only nfa nfa
2 Trip Record Only nfa nfa
Dead Time Record Only nfa nfa
Final 3p-Trip Mot Expected nfa nfa

Please note that in this tab only the activation or deactivation of the sequence
and the setting for the number of cycles can be performed. Due to this the entire
table is shaded in gray.

8.3.2 Running the Test

> After these settings are done, the test can be started. Start the test by clicking
_| the Start toolbar icon or selecting the menu item TEST | START /
CONTINUE.

8.3.3 Test Results

The test results are displayed in the tables of the tabs Unsuccessful Sequence
and Successful Sequence.

Figure 8-6:
Display of the test 'R_JTesl View: AWE-75A511.oar
results Shot and Times |Successful Sequence I Measurement Settings I
IV Enable Test I 2 ﬂ Mumber of expected Cycles
Add Event | Delete Event |
Cycle Assess Mode Tnom +/- Tdew Tact Result
1 Record Only |- nfa nfa 2390 ms ]
Record Orly = nja nja 121= @
% Record Orly = nja nja 45 40 ms @
Record Orly = nja nja 805.5 ms @
Final Expected - nja nja 44 70 ms &
Mok Expected nja nja nja &

In the Time Signal View the currents, voltages and binary signals are displayed
along a time axis (see figure 8-7).
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Figure 8-7:
Results of the £ JTime Signal Yiew: DMAr2 -10f x|
simulation, view Time Signal Value
i H Cursor 1 7450,3 ms |<nong= nis
Optlmlzed L!Slng the I Cursor 2 1,273 = |=none= nis
zoom function cz-c1 5225 ms nia

[ ICT]

Unsuccessful Sequence

Cycle 1 Cycle 2 Fimal
| | |

02 04 0 08 i 12 4 te

WL YL3

e =

L2 IL3
| | | -
TR | e : : — = : — = :
00 0z 04 06 08 10 12 14 o
| |
cB - -]
" : : : : : : : : :
00 0z 04 06 08 10 12 14 o
L] 1 =l

To change the Time Signal View display from the results of the unsuccessful to
the ones of the successful sequence, change to the acc. tab in the Test View.
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8.4

Example 2: ARC Testing for a SIEMENS
7SA511

The autoreclosure function of a feeder protection shall be tested. The relay in
guestion is a Siemens 7SA511 with the ARC option.

Sample file: AVE- 7SA511. oar

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

Test Task

The autoreclosure function of the protection relay is activated. It is
parameterized for two reclosure cycles, one short dead time (rapid
autoreclosure) and one long dead time (slow autoreclosure).

Note: For many protection relays the first AR cycle is called short dead time
(rapid autoreclosure) and all subsequent cycles are called long dead time (slow
autoreclosure).

In a first step the principle function of the ARC shall be tested. Testing of the set
time values is performed in a second step.

Equipment Required

1. Test set CMC 156 or CMC 256

Test software OMICRON Test Universe, version 1.6 or higher
Relay manual

Knowledge about system parameters and interconnection

A

Optional: Digsi software for verifying the relay settings
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8.4.1

Test Object Settings

The ARC function of a protection device depends on humerous parameters. The
tester must have in-depth knowledge about the meaning of these parameters
and their settings.

This example assumes the following parameterization:

Frequency: 50Hz

Nominal secondary voltage: 100V
Nominal primary voltage: 110kV
Nominal secondary current: 5A
Nominal primary current: 2000A

The protection device trips at a fault voltage of 0 V and a fault current of twice
the nominal current. Two AR attempts are performed for all fault types
(1 short dead time + 1 long dead time).

Blocking time after a successful AR: 3.0s
Blocking time after an unsuccessful AR: 3.0s
Short dead time (1-pole): 1.20s

Short dead time (3-pole): 0.40s

Long dead time (1-pole): 0.80s

Long dead time (3-pole): 0.80s

A detailed description of Test Object and the closely related subject "XRIO" can
be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.
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8.4.2 Testing the Reclosure Function

Test Module Settings

The nominal voltages and currents are set as test object parameters. In the Shot
and Times tab change the current IL1 to 10A.

Figure 8-8:
Changing the current ﬂTesl View:kﬂuloleclosulﬂ =l M =1E3
IL1 in the Shot and

Shat and Times |Unsuccessful Sequence I Successful Sequence I Measurement Settings I

Times tab
~Fault
Set Mode Fault “alues ;I
Fault Type L1-E ;|
¥ Fault 0,000 % 0.00" | 60.000 Hz
1 Fault 10,00 A& -50.00° | 60.000 Hz
Angle(V-Ij g0.00 "

—Prefault

Duration: I 5.000 =

— Time limits during test

Trip: I 5000 5 CE close: I 5000 5

The maximum CB close time is used by the test module as the dead time
between the tests for an unsuccessful sequence and a successful sequence.
This is why this time must be higher than the blocking time after an unsuccessful
AR.

For a first test, the other settings are left unchanged.

In the Unsuccessful Sequence tab increase the number of cycles to 2.
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Figure 8-9:

Result of a single test
for the Unsuccessful
Sequence tab

Using the Single Test Mode

Using a single test you can quickly test the function of the test object. The single
test mode only performs the particular test of the currently selected tab in the
Test View. The test results are not added to the test report. For example, the
following result is achieved if you start a single test while the Unsuccessful
Sequence tab is selected:

RJ Test View: Autoreclosurel M=]E3
Shat and Times ~ Unsuccessful Sequence |Successful Sequence I Measurement Settings I
[+ Enable Test I ] i’ Mumber of expected Cycles
Sdd Event | DElEte Event |

Cycle Event Assess Mode Tnom +/- Tdew Tact Result
1 Trip - Record Only |- nfa nfa 39.73 ms &l
Dead Time - Record Only |- nfa nfa 495 8 ms @
2 Trip - Record Only |- nfa nfa 3964 ms @
Dead Time - Record Only |- nfa nfa 519.5 ms @
Final 3p-Trip Expected - nja nja 2012 ms &
CE on Mok Expected nja nja nja &

(B ready | Synchronized signals

Check the functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is not active,

| | Switeh GFF Bie EE-Ready sianal with Begin af the Rl e

I | Switeh GFF B Synehranized|sianal with Begin of the Rl e

This result confirms the basically proper function of the test object.
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8.4.3 Test and Assessment of the Times

The final test shall record the trip commands for the individual phases and test
the keeping of important nominal times.

Test Module Settings

In the hardware configuration deactivate the "Trip" signal and activate the
signals "Trip L1", "Trip L2" and "Trip L3".

Figure 8-10:
Activation of Trip L1, Hardware Configuration
Trip L2 and Trip L3 in
the hardware

General | Analog Dutputs  Binary / Analog Inputs

configuration CMC156-EP
CHYGTC
Function Binary | Binary | Binary | Binary | Binary | Binary | Binary | Bin
Potential Free I~ I~
Hominal Range
Threshold
lez‘ mmsoig::: Display Hame C';';':fﬂ'fﬁ::’ 12| 2|3 | 3| ae | 4|8+ 5 6+ |6 | 7| 7| Be
ot vsed | Binin 1
Mot uzed Bin.In. 2 »
Cloge Cmd Close Cmd x
Trip L1 Trip L1 b e
TripL2 Trip L2 »
Trip L3 Trip L3 =
Mot uzed Bir.In. 7 »
Mot uzed Bin. In. § by
Mot used Bin. In. 9
Mat used Bin.In. 10
Mot used Bir. In. 11
Mot used Bin.In. 12

In the Unuccessful Sequence tab we want to specify 4 events for each cycle.

To do so, select the corresponding cycle by clicking in the "Cycle" column. Then
select "Add Event". Repeat this until 4 events are assigned to the cycle.

For the dead time we change the assess mode to "Time" and specify the
following parameters according to the nominal times of the test object:

e Short dead time (1-pole): 1.20s
e Short dead time (3-pole): 0.40s
e Long dead time (1-pole): 0.80s
¢ Long dead time (3-pole): 0.80s
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Figure 8-11:
Unsuccessful
Sequence tab with all
configuration settings

Because an L1-E fault is output, the dead time for the first cycle has to be 1.2s.
The dead time for the second cycle shall be 0.8s. For the time tolerances we
select a value of 100ms.

In the first cycle, a single pole error shall result in a single pole tripping only.
Check this by setting the assess mode for Trip L1 to "Expected”, for L2 and L3
to "Not Expected".

Figure 8-11 shows the Unsuccessful Sequence tab with the completed
configuration.

ﬂ Test View: Autoreclosurel M=]E3
Shat and Times ~ Unsuccessful Sequence |Successful Sequence I Measurement Settings I
[+ Enable Test I Z i’ Mumber of expected Cycles
Sdd Event I DElEte Event |

Cycle Event Assess Mode Tnom +/- Tdey Tact Result
Trip L1 - Expected - nfa nfa nfa ()
1 Trip L2 | MobExpected = nfa nfa nfa ()
Trip L3 | MobExpected = nfa nfa nfa ()
Dead Time - Time - 1.2005 100.0 ms nfa ()
Trip L1 - Expected - nfa nfa nfa ()
2 Trip L2 - Expected - nfa nfa nfa ()
Trip L3 - Expected - nfa nfa nfa ()
Dead Time - Time - 300.0 ms 100.0 ms Ya ()
Final 3p-Trip Expected - nfa nfa nfa ()
CE on Mot Expected nfa nfa nfa ()

(B ready | Synchronized signals

Check the functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is not active,

| | Switeh GFF Bie EE-Ready sianal with Begin af the Rl e

I | Switeh GFF B Synehranized|sianal with Begin of the Rl e

The settings in the Successful Sequence tab are already correct. Now both
tests are activated.

Start both tests by clicking the start icon or by selecting the menu item
TEST | START / CONTINUE.
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8.4.4 Test Results

The test results are displayed in the tables of the tabs Unsuccessful Sequence
and Successful Sequence.

Figure 8-12:
Example of a test result EdTest
in the Unsuccessful
Sequence tab

: Autoreclosurel

Shot and Times  Unsuccessful Sequence |SuccessFuI Sequence I Measurement Settings I

IV Enable Test |2— ﬂ Murnber of expected Cyeles
S| Event: I DElEte EvEE |

Cyele Event Assess Mode Tnom +/- Tdew Tact Result

Trip L1 - Expected - nfa nfa 2560 ms ar

1 Trip L2 w| MotExpected = nfa nfa nfa L

Trip L3 w| MNotExpected - nfa nfa nfa L

Dead Time - Tirne - 1.200s 100.0 ms 1.215 =2 =

Trip L1 - Expected - nja nfa 2490 mz o

2 Trip L2 - Expected - nja nfa 24 B0 mz o

Trip L3 - Expected - nfa nfa 24 80 ms o

Diead Time: - Time - S00.0 ms 100.0 ms G143 ms =5

Final 3p-Trip Expected - nfa nfa nfa L

CE on Mot Expected nfa nfa nfa L

—CB ready § Synchronized signals
Check the Functionality of the autoreclosure unit if CB-ready andfor Synchronized signal is not active,
I | Sttty G Bre =R ead i sianal with Begin af e Sl wiole

I | Switeh GFF the Synehtanized|sianal with Beain of e Fnal cyeE

Figure 8-13:

_Example of a test result ﬂ Test Autoreclosurel

in the Successful

Sequence tab Shot and Times I Unsuccessful Sequence Measurement Settings I

¥ Enable Test

Mumber of Attempts I 2 ﬂ

Cycle Event Assess Mode Tnom +/- Tdey Tact Result
Trip L1 Expected nja nfa 25.10 m= o
1 Trip L2 Mot Expected nja nfa nfa o
Trip L3 Mot Expected nfa nfa nfa o
Dead Time: Time: 1,200 5 100.0 ms 1216 = =5
Trip L1 Expected nfa nfa 2530 me L
2 Ttip L2 Expected nfa nfa 2500 me L
Trip L3 Expected nja nfa 25.50 mz o
Dead Time Tirne: 500.0 ms 100,10 ms 811.0 ms =
Final 3p-Trip Mot Expected nja nfa nfa o
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Figure 8-14:
Test Result in the Time
Signal View

In the Time Signal View the two cursors are set in a way that the duration of the
CB on command can be read.

ﬂTime Gignal Yiew: OMArla.oar - 0] x|
Time Signal Value
Cursor 1 2,313 5 |=none= nfa
| Cursor 2 2814 5 [=none= nfa
c2-¢1 01,3 ms nfa
[ E3 ] =]

Successful Sequence

17
50
00 } } } } } } } } } } } } }
138 ] 025 0 025 050 075 100 125 |50 175 200 225 | 250 275 300 .
503
L1 [ L3
Trip L1 - -
Trip L2 Tt
Trip L2 - - - -
025 000 025 050 075 100 125 150 175 200 225 250 275 300
CBon | ] {1t i +—— '}
025 000 025 05 07 100 125 150 175 200 225 250 275 300 . 0~
Kl — 1y

In case of an unsuccessful AR the CB on command is terminated by the trip
command. The maximum length of the CB on command only occurs in case of
a successful AR. The measured value of 503.5ms meets the test object
parameter which is set to 0.50s pretty good.

Report View

With the basic settings the Report View shows the test object parameters, the
fault values and the tables for the unsuccessful and successful sequence.

If the Time Signal View shall be added to the test report, the "long" report form
must be set using the menu item PARAMETERS | REPORT.

The Time Signal View is then added to the report as it is currently set on the
screen (incl. the zoom factor and the cursor settings).
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9 Differential

The Differential test module provides a compact testing solution for generator,
busbar, and transformer differential protection relays, performing operating
characteristic (pick-up value, slope test) and the inrush blocking function
(harmonic restraint test) in single-phase mode, e.g., for 3 single-phase
protection relays per test object.

% Please note that 3-phase testing taking zero sequence eliminiation and vector
group matching into consideration requires the Advanced Differential test
module of the Advanced Protection package.

9.1 About Differential

Test points are defined in the Idiff/Ibias plane either by mouse or using the
keyboard for the test of the operating characteristic.

Figure 9-1:
Differential - operating . DMICRON Differential - OMICRON Diff Simple Single Phase in Differential D21 se2. occ
characteristic diagram File Edit Wiew Test Parameters “window Help

H|eE| | BlE Bl o] »m|n]x] 2

Q‘Tesl Yiew: OMICRON Diff Simple Single Phase in Differential D21 se2.occ

Bias Curve I Hamanic | General |

~Result Iait [In]
" dit | 0.301n 275 4
Cchual
|bias I 0.401n 250
[ oizs:
fidd 225 1
Dieviation —
200 -
[ v ﬂl i
Fremaie sl | '
150 -
Idiff | |bias tact | tnom | - 125
= 030 040 0124 005
4 010 040 HAT NAT 1.00
= nE1 200 noan  nos ismd
4 040 200 N/T AT
e 120 400 nos4 005 J
k]
e 080 400 N/T AT .
= 170 R0 no7 nns - 025
4 130 B0 WeT AT =
T e nl s 000

x|
Al

Il

For Help, press F1

Differential also provides an appropriate testing environment for testing the
harmonic restraint function. The amplitude of the fundamental and the
percentage of the superimposed harmonic can be defined for each test point.
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Figure 9-2:
Differential - harmonic «» DMICRON Differential - OMICRON Diff Simple Single Phase in Differential D21 se2.occ
restraint test p|ane Fle Edit Wiew Test Parameters “Window Help

CleE| B=| 2l= @l o o] b= ]ux]| 2|

Q‘Tesl Yiew: OMICRON Diff Simple Single Phase in Differential D21 se2.occ

Bias Curve

Idift/ln (]

- . I
dift | Uit [ Isf/1di.. e 275 4

030 0015 500
030 0.045 1500 Iif / Idiff 250”*******************7*/___

050 0090 1800 5.00 % 595

050 0110 2200
100 0180 100 200 4
100 0230 2300 2

150 0315 2100 1.75 4
150 0330 2600 Fermoye 5

200 0580 2300
Fermoye sl .
Harmaonic 100 4
B3
0.75 o

b o b o e o e e |

Fesult 050 4
Morminal Actual Assessment o4+ +
| Trip | Trip | Passed — — |~ 1 1
0.00 T T
] 10
=
Al

Il

For Help, press F1

The test currents belonging to the test points are injected to the relay and the
reaction of the relay is assessed.

By inserting several Differential modules into an OMICRON Control Center
document, different fault loops can be tested automatically.
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9.2 Example: Transformer Differential Relay

=N Sample file:
Differential D21 se2.occ

Stored at: ...OMICRON Test Universe installation path\
Test Library\Samples\SW Manual Examples\Protection

/ Task

The tester's job is to test a conventional transformer differential protection relay
BBC D21 SE2 (Brown Boveri's relay) at a power station as part of a larger test
program.

This relay protects a 2 winding transformer with the following nominal data:
Vector group YD5 Y side is grounded

Power: 38.1 MVA

Nominal Voltage (primary): 110 kv

Nominal Voltage (secondary): 11 kV

Nominal Current (primary): 200 A

Nominal Current (secondary): 2000 A

‘/ Solution

In the following example we are using the Differential test module embedded in
the OMICRON Control Center.

During the test, the Differential test module analyses and evaluates whether the
measured values are within the defined tolerance band and assesses the test
with "passed" or "failed". All entered values and the measured values are
recorded automatically to allow a detailed view of the test process after
completion of the test.

Note: If you have to perform only one test, it may be advantageous to start the
Differential test module as a stand-alone program (without having started the
OMICRON Control Center previously).

Normally, however, all the available protection functions of a relay will be tested
sequentially. In these cases, it makes more sense to embed the test module
multiple times into the test document and then change the settings of each
embedded instance for an appropriate test.
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9.2.1
Figure 9-3:
CMC 256 test set,
front view
9.2.2
9.2.3

Wiring Between Protection Relay and CMC

1. Connect the current inputs of the protection relay to the corresponding
current outputs of the CMC test set.

2. Connect the trip signal of the protection relay to Binary Input 1.

Connect to current Connect trip signal of relay to Binary
inputs of the Input 1
protection relay

Starting Differential from the OCC

Start the OMICRON Control Center from the Start Page by clicking OPEN
EmMPTY DOoCUMENT. Insert Differential into the OCC document by selecting
the menu item INSERT | TEST MODULE... | OMICRON
DIFFERENTIAL.

Setting up the Test Object

To configure the relay you are testing, use the Test Object software function.

Open Test Object either by using the pull-down menu item

PARAMETERS | TEST OBJECT or by clickingthe TEST OBJECT iconin
the toolbar. In Test Object, you can browse, access and edit the test object
parameters.

A detailed description of Test Object and the closely related subject "XRIO" can
be found in section 3 "Setting up the Test Object” of the "Concept" manual, or in
the online help under the --- Test Object --- entry of the table of contents.
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Step 1: Inserting the test object and defining the device
settings

1. SelectINSERT | TEST OBJECT to open the dialog box for the test
object-specific data, and specify the device settings for your relay under
test.

2. In the dialog box for the test object-specific data, select the test object
function "Differential" and define the differential protection parameters as
described in the following step 2.

Step 2: Defining the differential protection parameters

Figures 9-4 to 9-6 show the standard pages of the differential protection
parameters. The protection relay BBC D21 SE2 has the following additional
parameters.

The formulas below can be found in the manual of the relay. The adjustable
parameters g and v define the operating characteristic.

Offset value: g =20% g = (I11-12)/In at Ibias = 0
Slope: v=50% v =(11-12)/0.5(11+12)

The following equations are valid according to the data sheet for the different
parts of the characteristic:

Ibias/In =0... 0.5 Idiff/in = 20% or 0.2

Ibias/In =0.5... 3  Idiff = In*g + (Ibias-0.5In)*v
Entering the values into the equation:

Idiff = 5A*0.2 + (Ibias-0.5*5A)*0.5

Hence: Ibias/In = 0.5... 3 and In = 5A

Idiff = 0.5 Ibias- 0.25 (1)
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Figure 9-4:
Standard page for the Differential Protection Parameters

differential protection T e et wr o 17 o

parameters: Protection
Device tab

Figure 9-5:
Standard page for the Differential Protection Parameters
differential protection ( i
parameters:
Characteristics
definition based on
equation

friam [ 0.75 1 to [ 7.00.1.74 ]

136



Differential

The operating characteristic was derived by experiment because the data sheet
of the relay does not contain an accurate characteristic. It is only listed that
stabilization based on the 2nd harmonic is implemented.

Figure 9-6:
Standard page for the Differential Protection Parameters 2] x|
differential protection

. Protection Devicel Characteristic Definition  Harmanic |
parameters: Harmonic,

. . |difflnam
experimental derived
characteristic of the Harmoric: — [ZANNN | 27
inrush stabilization 151l [ =ridim 1
Tal. relative: I 3.00 % 205
Tol. absolute: I 010%
200
1.75
Start |diff: I 0.001n 1.50 -
iff: .00 %
Start [2f / |t 0.00 qsmd
End Idiff: I 0.001n 1.0 4
End I / |diff: 0.00%
075
050
[0.20,20.00) - ( 1.00, 20.00 L e
(1.002000])-> {250, 30.00]
0.00 T T T T T T T 1
5 10 1§ 20 % 30 35
IfA1liff [%]
Aidd | Eemoye [ pdate Femove Al
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9.2.4 Configuring the Hardware

71 Configure the hardware according to the wiring described in section
_| 9.2.1 "Wiring Between Protection Relay and CMC".

Y A detailed description of the Hardware Configuration can be found in the
Q "Concept" manual’s section 4 "Setting Up the Test Hardware”, or in the online
help under the --- Hardware Configuration --- entry of the table of contents.

9.2.5 Defining the Test

Step 1: Inserting the Differential test module into the test

document
@ 1. Click the Differential icon in the test modules toolbar
or
2. SelectINSERT | TEST MODULE or click the appropriate toolbar icon

and then select "OMICRON Differential".
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Step 2: Defining the operating characteristic test

This test is carried out separately for every phase. If the operating characteristic
should be tested for all the three phases, the test accordingly has to be repeated
for the other phases. In this section only the test for the first phase is described.

Place the test points directly below and above the characteristic. The relay
should stabilize for all points right and below the characteristic; all points left and
above the characteristic result in a trip in the typical operating time.

The trip time is determined by the test module and entered into a table; the test
points in the diff-bias plane are updated, at the same time the protocol is
generated in the background on the basis of the up-to-date data.

Table 9-1:

Test points Idiff Ibias Nominal Time Idiff Ibias Nominal Time
0.30 I/In | 0.40 I/In 0.05s 0.80 I/In | 4.00 I/In No trip
0.10 I/In | 0.40 I/In No trip 1.70 /In | 6.00 l/In 0.05s
0.60 I/In | 2.00 I/In 0.05s 1.30 l/In | 6.00 I/In No trip
0.40 I/In | 2.00 I/In No trip 1.80 l/In | 8.00 l/In No trip
1.20 l/In | 4.00 l/In 0.05s 0.30 I/In | 0.40 I/In 0.05s

Figure 9-7:

Nine test points for E__‘.'Tesl Yiew: OMICRON Diff Simple Single Phase in Differential D21 se2. occ

testing the defined

operating characteristic Bias Curve | Hamoric | General | Operating Characteristic Diagram
. - Idiff [In] )
el it [ 030l o .
75 ]
Actual . '
_ Ibiaz 0.401n 250 4
" Add 2.25
Dreviation
I— Femove | 200
Remave Al | 1.75 1
1.50
Iiff [lbias  [tact  [trom |«
& 030 040 Mot tested (.05 1.25 4
O 010 040 Mottested N/T 14
D 060 200 Mot tested 0.05 :
O 040 200 Mot tested N/T a4 o
O 120 400 Mot tested 0.05 - k
(D 080 400 Mat tested N/T 050 4
> 170 B0 Mot tested 0.05 = .
il I 025
0.00 T T T T T T T T T T T T

Ibiaz [In]
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Table 9-2:
Test points

Figure 9-8:

Nine test points for
testing the
characteristic of the
inrush stabilization

Step 3: Defining the inrush characteristic test

This test is executed separately for every phase, too. The test for the first phase
is described.

A 2nd harmonic is superimposed on the 50 Hz. The percentage of the harmonic
can be chosen according to the test point. The test points are shown in the
characteristic (figure 9-7) as in the test of the operating characteristic.

The relay should stabilize for all points right and below the characteristic; points
left and above the characteristic result in a trip.

Idiff 12/1diff Nominal Reaction
0.30 I/In 5% Trip
0.30 I/In 15% Trip
0.50 I/In 18% Trip
0.50 I/In 22% Stabilization
1.00 l/In 18% Trip
1.00 I/In 23% Stabilization
1.50 l/In 21% Trip
1.50 l/In 26% Stabilization
2.00 l/In 29% Stabilization

E__‘.'Tesl Yiew: OMICROMN Diff Simple Single Phase in Differential D21 se2. occ

Bias Curve  Hamonic | General | Harmonic Restraint Test Plane
\dif IdiffAn [In]
Iiff IufAdliff | Isfdi
275
T 030 0015 B0 [ o630
() 030 0045 1500 Iif  Iiff 250 o
(& 050 0090 1200 [ 5.00%
(& 050 oMo 2200 225
> 1.00 0180 18.00
100 0230 2300 _ bad | ey
> 150 0315 21.00
1.75
150 0330 2600 R |
(& 200 050 2900 150 4
Femove Al | .
) 1.25
Harmanic
B -] 1.00
075
Fiesult
Mominal Actual Aszzessment W0 5
| Trip néa néa 0.25

0.00 T T T T T T T

121diff [%]
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Figure 9-9:

Test result of the
operating characteristic
test with automatic
assessment

Figure 9-10:

Test result of the inrush
stabilization test with
automatic assessment

Running the Test

1. Clickthe TEST START/CONTINUE toolbar icon to start the test.
2. After completion, the test results are shown as in the figures 9-9 and 9-10.

E__‘.'Tesl Yiew: OMICROMN Diff Simple Single Phase in Differential D21 se2. occ

Bias Curve | Harmonicl Generall

Operating Characteristic Diagram

. Idiff [In ;
el it [ 030l 2[?33 .
75 ]
Actual
Ibias | 0.401n )
R 250+
" Add 2.25
Dreviation
200
~130.00 % Remove |
Remave Al | 1.75 1
1.50
Iiff [lbias  [tact  [trom |«
4= 030 040 0115 005 1.25 4
O 010 040 Mottested N/T .
4 060 2o 0030 00s :
O 040 200 Mot tested N/T a4 o
= 120 400 0066 005 - k
D 080 400 Mot tested  M/T 050 -
= 170 600 0077 008 =
ol I 025
0.00 T T T T T T T T T T T T

Ibiaz [In]

E__‘.'Tesl Yiew: OMICROMN Diff Simple Single Phase in Differential D21 se2. occ

Bias Curve Hamanic | General| Harnmonic Restraint Test Plane

\dif IdiffAn [In]
Iiff IufAdliff | Isfdi
275
F 030 0015 50 [ o630
4 030 0045 1500 Iif  Iiff 250 o
4k 050 0090 1200 [ 5.00%
= 050 0110 2200 225
= 100 0180 1200
100 0230 2300 &t 2.00
= 150 0315 2100 175 4
b 150 0330 26.00 R | :
= 200 050 2900 150 4
Femove Al | .
) 1.25
Harmanic
B -] 1.00
075
Fiesult
Mominal Actual Aszzessment W0 5
| Trip néa néa 0.25

0.00 T T T T T T T

121diff [%]
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9.2.7

9

Defining the Test Report

You can define the test report

« either directly in the Differential test module using the menu item
PARAMETERS | REPORT

e orinthe OMICRON Control Center using the menu item
TEST | REPORT.

A detailed description about defining test reports can be found in the "Concept
manual’s section 5.2 "Test Reports”, or in the online help under the --- Test
Reports --- entry of the table of contents.
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10.1

10.2

Single Phase Testing and Output of Fault Quantities

Single Phase Testing and Output of
Fault Quantities

Introduction

In order to reach a higher output power (or current, or voltage) the OMICRON
test sets and amplifiers allow the serial connection or the paralleling of analog
outputs. Knowing this, most electromechanical relays can be tested with the
CMC 256. For test cases where the power of three-phase testing is not
sufficient, OMICRON has developed the Single-Phase Mode, which is available
in the Distance, the Advanced Distance and the Overcurrent test modules. The
following explanations describe how to work with the single-phase mode as well
as the Single-Phase Fault Model, which is the basis for testing all fault loops with
single-phase sources.

Electromechanical Relays and the Single-
Phase Fault Model

Electromechanical relays have special requirements on electronic test sets,
since the power demand of the current and voltage inputs can be considerably
higher than with modern numerical relays. In the past, power amplifiers were
often used together with electronic test sets to drive the high burdens of the
electromechanical relays. Compared to its predecessors, the CMC 256 provides
considerably more output power, which greatly extends the application range for
three-phase applications. Many electromechanical relays can be tested without
additional power amplifiers. All remaining relays that still need higher power can
be tested using the OMICRON CMS 251 or CMS 252 amplifiers.

In single-phase operation, the test sets can generally output considerably more
power than in three-phase mode per phase. To obtain this increased power,
multiple phases are connected together. The voltage outputs are generally
connected in parallel to increase the output current. Also, the current sources
are connected in parallel to increase the output current or they are connected in
series to achieve a higher compliance voltage.

The OMICRON test modules Distance, Advanced Distance and Overcurrent
can be set up so that they output the commonly named "Fault Quantities". Fault
quantities denote currents and voltages that characterize the fault. These fault
quantities are assigned to single-phase current and voltage sources.
Consequently, a configuration of the test set is chosen, which provides the
optimal output power (or current, or voltage).
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10.3

Figure 10-1:

Voltages and currents
for phase-to-ground
faults

Figure 10-2:

Voltages and currents
for phase-to-phase
faults

Output of the Fault Quantities for Testing
Distance Protection

Electromechanical distance relays have a property that can be essential for
testing: they are often implemented as single-element relays, i.e. the
measurement circuit and the circuit for directional detection is only present once,
not per phase. When a starting condition is detected, a phase selection circuit
starts operation, which connects the faulted quantities to the circuits for
impedance and direction determination.

This single-element relay can be utilized for testing. Due to this fact, it is possible
to test such a relay in single-phase mode, which means to test with only one
current and one voltage each. The phase selection circuit takes care that this
exact current and this exact voltage will be fed to the measurement circuits. The
quantities in the non-faulted phases will be ignored by the relay; so it is not
necessary to generate them.

The fault quantities are the current and the voltage, which determine the fault
impedance. These fault quantities are fed to the impedance measurement circuit
by the phase selection circuit. Depending on the fault type, the quantities are
different ones. In the two figures below, the situation for phase-to-ground faults
and phase-to-phase faults is shown.

—Woltages

L1: I 2583V I o.oo*
L [ ey [mm
i [ ey [mme

- Current

I 2.000 4 I -75.00 "
I 0.000 4 I
L3 I 0.000 4 I

E_";_‘_!'\I"I monitor [phase values): AdvDistancel

—Woltages

L‘I:I 3819 I 1911
2 [ ey [qmes-
i [ ey [mme

- Current

L: [ zomoa [ oo
Lz [ zoma [ troon-
L [ oo [ wa
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In the case of the phase-to-ground faults example, the fault quantities are the
phase-to-ground voltage and the phase current of the faulted phase.

In the case of the phase-to-phase example, the phase-to-phase voltage of the
faulted phases and the currents in the faulted phase, comprise the fault
quantities. The two-phase currents appear in the phase diagram as two currents
with identical magnitude and opposite sign. In fact, it is one current that flows into
the relay at the one phase and out of the relay at the other. Therefore, also in
this case, one source is sufficient to produce this test current.

The test software set up this way performs the output of the fault quantities
through the single-phase sources without further user interaction. The remaining
operation of the test module remains unchanged, which means the specification
of the characteristic and the setting of the test points are done as if the relays
were three-phase connected. The user has only to check that the sources are
connected correctly to the terminals of the relay, according to the fault type. The
(Advanced) Distance test software reminds the user with a message that the
wiring has to be modified accordingly at the start of the test and at any change
of the fault type.
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10.4 Settings in the Hardware Configuration for

Figure 10-3:

Detail View of the
Hardware
Configuration: one
possible selection for
single-phase operation

using the Single-Phase Fault Model

The usage of the sources present in the test set is determined in the detail View
of the hardware configuration. The available combinations of the sources are
presented in a list and the necessary wiring is displayed in a graphic beside of it.

Figure 10-3 shows a typical setting of a CMC 256 for testing electromechanical
distance relays with a nominal current of 1A.

DOutput Configuration Details K E3
— CMC256-6 [AJ2E5C] Valtage Output: —oltage Factor

4300, B5A, @ 85, 1Ams | n/a
2 1

BOmarms, Yo automatic
1xE00Y, 1504 & 160V, 1Am:

2xE00Y, 1504 & 160V, 1Am:

<not used:

(P&
[

-

1 | i

Connect ¥T... | Eremaye 4| |

— CMC256-6 [AJ2E5C] Valtage Output: — Compliance Yoltage

Ex12.54, 70VE @ 7.58, 10Wms Burden Duty Cycle
1258, TOVA @ 7.54, 10ms o -
w258, TOVA @ 7.54, 10Wms gh - I- shar
w128, 7OV @ 7.54, T0Wms, lo automaticall
254, 1404 @ 158, 10ms

263754, 210WA @ 2258, 10ims

143754, 210WA @ 2254, 10ims 1
153754, 210WA @ 2254, 10ims
14754, 4204 @ 458, 10ms

| 312,50, TADVA, (8 7,54, 20Vims

@N
Ow
O=

H z s
1x37.54, 42004 & 22 54, 20 ms
<not used:

4 | _’I 100 %
Connect CT... | Eremaye ] | Default |
QK I Cancel | Help |

low - | - continuous

0,
wO
20

"—-ca_j [

The maximum test current of 12.5A is absolutely sufficient for this case.
Therefore it is possible to connect four current sources in series, providing a
driving voltage of up to 60V (peak value). With the CMC 256 test set, balancing
resistors to assure a leveled voltage distribution when connecting current
sources in series are no longer needed.
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The available power from the voltage sources in this test set is not determined
from the current rating of the amplifiers, but from the respective power supply.
The maximum current can be obtained from a single source with the wiring
shown.

The mapping of the fault quantities to the single-phase sources is done in the
dialog for the analog outputs.The signals | Fault and V Fault are selected for
their respective current and voltage source.

Figure 10-4:

Hardware Hardware Configuration

Configuration, Analog
Outputs tab: Mapping of Gereral Analog Dutputs | Binany / Analog Inputs | Binary Dutputs |

the fault quantities in the
Advanced Distance test CMC256 \f B| CMC256 |
modules Test Module | Display |Connection | AJ265C AJ265C
Output Signal Hame Terminal 14 H 14 H
W Fault W Fault =
IFaut = |[IFaut ¥
IL1
Figure 10-5:
Example of wiring for an v,
A-N (L1-E) fault shown io—| ov.
with a special case of an N OV,
AN (L1-E) fault Test | SN Relay
set under
| oI, test
1G] (O] 5
N G——l Ol
<) N
Figure 10-6:
Example of wiring for an A
phase-phase fault 1= Ovg
shown with a special N v
c
case of a C-A fault Test © ®ON Relay
(L3-L1) set under
),
test
1 ©lg
NG < I
®N
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10.5

Output of the Fault Quantities for Testing
Overcurrent Protection

Overcurrent relays often require high currents to test the | >> elements. The
CMC 256 can generate 25A in three-phase mode. To obtain this increased
power, multiple phases are connected together. The voltage outputs are
generally connected in parallel to increase the output current. Also, the current
sources are connected in parallel to increase the output current or they are
connected in series to achieve a higher compliance voltage. If this current is still
not sufficient, paralleling the outputs allows the emission of up to 75A in
single-phase mode. Additionally, some electromechanical overcurrent relays
require high output power of the test device where the serial connection of the
current outputs is required, leading again to the use of the single-phase mode.

In the Overcurrent test module, the setup of the hardware configuration is
performed exactly in the same way as described above, which is by mapping
| Fault and V Fault.

The fault quantities are the L-N or L-L fault current and an L-N voltage. Of
course, three-phase faults, zero sequence faults, and negative sequence faults
cannot be tested.

For non-directional relays, only a current source is needed anyway. The setup
is very simple as all L-N and L-L faults are supported.

For directional relays, the supported fault types depend on the combination of
the voltage and the current sources.
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Table 10-1:
Generated | fault
depending on the fault
type

Single Phase Testing and Output of Fault Quantities

Single-Phase Current Source and Three-
Phase Voltage Source

Even if a single-phase current source is chosen for reasons of power demands
in the current path, feeding the relay with three-phase voltages is still possible in
the majority of all cases.

The relay has all the voltages available to perform the directional decision. At
L-N faults, the relay can use the L-N voltage of the faulted phase or the L-L
voltage of the sane phases. At L-L faults, the relay can use the L-N voltage in
the sane phase, one of the L-N voltages of the faulted phases or the L-L voltage
of the faulted phases.

In this case, all L-N and L-L fault types are supported.

Fault Type | Fault
A-N (L1-E) Ia (IL1)
B-N (L2-E) g (IL2)
C-N (L3-E) Ic (IL3)
A-B (L1-L2) Ia=-lg (L1 =-IL2)
B-C (L2-L3) lg=-lc (IL2 = -I3)
C-A (L3-L1) lc="-la (I3 ="-I11)
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10.7

Table 10-2:

Generated | fault and V
fault depending on the
fault type

Single-Phase Current Source and Single-
Phase Voltage Source
With only a single-phase voltage available, testing L-L faults can become

especially tricky. Because of this, only L-N faults are supported when using
single-phase sources for both current and voltage.

Testing the L-N faults is done under the assumption that the voltage of the
faulted phase is used for the directional decision.

Fault Type | Fault V Fault

A-N (L1-E) Ia (IL1) VanN (Vi1-B)
B-N (L2-E) g (IL2) Ve (Vi2-E)
C-N (L3-E) Ic (IL3) Ven (Vi)
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11 Test Tools

The OMICRON Test Universe Test Tools provide additional stand-alone
applications for specific testing tasks. You can find them on the Start Page under
"Test Tools".

11.1 TransPlay

TransPlay is a program that runs independently from the OMICRON Test
Universe and its embedded test module concept. It performs playbacks of
transient data using a CMC test set. Files of any duration can be played back.
The only limitation is the capacity of the hard disk of the PC.

Note: EnerLyzer and TransPlay cannot run in parallel because TransPlay is
constantly downloading data and requires all available resources. It is possible
to run EnerLyzer and Advanced TransPlay in parallel because Advanced
TransPlay downloads the entire signal and then all further processing is done in
the test set.

11.1.1 TransPlay Features

< Multiple file playback

e Support for transient file formats 16 bit WAV and Comtrade

» Display of transient files data in a time Signal View

» Specification of (external) trigger conditions for starting the playback
« Specification of the playback sampling rate in a range of 1 to 10 kHz
» Specification of transformation ratios and scaling for amplitudes

« Recording of the binary inputs

* Inversion of each channel
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TransPlay Example

Sample files:
e Aal2zf.cfg
e Aal2zf.dat
Stored at:
...OTU installation path\Test Library\Samples\SW Manual Examples\Protection

Task

The output of a transient signal with three voltage channels and three current
channels is required.

The signal is available as a file in COMTRADE format (CFG and DAT file).

Solution

This example is based on a failure report. The recorded signal has a maximum
current of approximately 30 A. Because of this, the current amplifier CMA 156

must be used. This amplifier allows the output of the following maximum current
values in one current triple (A or B):

* 25 Ams X +/2 = 35.355 Apeak
e or, 70.71 Apea if both current triples are connected in parallel.
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Step 1: Starting TransPlay
Start TransPlay from the OMICRON Test Universe Start Page by selecting

TESTING TOOLS... | TRANSPLAY.
Figure 11-1:
TransPlay user 4} TransPlay - Test View [_[O]x]
interface File Miew Playback ‘window Help
36| m(=] o] 2]
D | (]|
— Play File[z] — File Properties
! = Mame:
: : Druration: T
Remave | Sampling frequency: Hz
Mumber of zamples:
Elapiilels) | Channels i file:
Channels to play:
I= | Efiabile Trigger | 'l Subject:
— Optio:
™ Keep converted WAVE files Mate:
V' Delay Time Correction
Fieady 121198 [1azz28
Step 2: Specifying the Hardware Configuration
7l Click the Hardware Configuration toolbar icon to open the Hardware
| Configuration with the Test Device tab.
Test Device tab
Figure 11-2:
Hardware configuration: Hardware Configuration HE
|nformat_|0n about the Test Device | amplifier | Binary Inputs |
test device

Selected: IEME‘I 56 [CH7O7C) 'l

—Hardware Summary

Binary Inputs: 10
Binary Dutputs:

WVoltage Inputs: 1
Current [nputs: 1

Analog Dutputs
[Triples]:

QK Cancel Lol Help
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Figure 11-3:

Hardware configuration:
assignment of the
amplifiers

Figure 11-4:

Hardware configuration:
threshold for the binary
inputs

During start-up, TransPlay identifies the connected test set; in the example it is
a CMC 156 with the serial number CH707C.

Note: Click the "Rescan" button if the software is first operated in the offline
mode and the test device is connected or switched on at a later time. The
hardware is detected and initialized automatically.

Amplifier tab

Hardware Configuration EHE

Test Device  Amplifier | Binary Inputsl

Test Device
( CMC156 [CH7O7C) ‘
— Azzignment
Generator  Amplifier o aimum
1-3 | CMC156 Valtage =] 12s0v
45 | CMC156 Current =] 1254
7-9 | CMAT5E [CA1734) Curent & x| 04
2504

QK I Cancel Apply Help

Binary Inputs tab

The binary inputs are set on the Binary Inputs tab (potential free or with
threshold).

Hardware Configuration EHE
Test Devicel Amplifier  Binary Inputs |

Mame Threshaold

1 |Input1 hd I & W

2 |lnput 2 - 1] W
Sanme ="

r Tihirestialds: 3 input 3 — D_ Y

4 llrput 4 hd & 1

5 |lnput& = 1] W

¥ Potertial Free & [Input & ~ [T v

- T 7 |lnput 7 = 1] W

Tihirestialds: 8 |Input 8 - ] W

9 |lnput9 = 1] W

10 |Input 10 = 1] W

QK I Cancel Apply Help
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Step 3: Loading the Signal File
1. Click the "Add to list..." button in the TransPlay Test View.

Figure 11-5:
TransPlay Test View Hir Test View M= E |
— Play File[z] — File Properties
Ciddiolist . emes
= Duratior: 3
EEre | Sampling frequency: Hz
— MNumber of samples:
Flauflels) | Channels in file:
— Channels to play:
™| Enable Tiriges lﬁ Subject:
— Optio:
™ Keep converted WAVE files Mate:
V' Delay Time Correction
2. Aselection dialog box appears. Select the signal file of your choice (in the
example the COMTRADE file AA12ZF. CFG) and click the OPEN button.
3. The dialog box for the Comtrade Import filter is opened.
Figure 11-6:
Comtrade import filter Comtrade Import HE
Type Peak / Sqit[2] Phasze  Combrade channel Fiatio
[votage =] 125 1 [1:seconpary vol=] 1

2 2 SECOMDARY WO x| [1
3 3 SECOMDARY w0 x| |1

IEurrent j |12.5 1 <none: L
2 <RoneE: | |1
3 <none: =
IEurrent j |25 1 4 SECOMDARY CU = | |1
2 5 SECOMDARY CU x| |1
3 E: d WL
IEurrent j |25 1 <none: L
2 <RoneE: | |1
3 <none: | |1

Source file: IX:\USEHS\Transfer\EDMTHFLS W3
0K I Cancel Destination: |><:\USEHS\Transfer\EDMTHFLS\Aa
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In this dialog box you perform the following settings:

e The voltage and current signals (channels) of the Comtrade file have
to be assigned to the physical amplifier outputs.

» In the shown example there are one voltage triple with 125V, one
current triple with 12.5 A, and two further current triples with 25 A
each.

e Furthermore you may have to enter the transforming ratio of the
voltage and/or the current transformer.

This is necessary, if the COMTRADE file contains primary values. In
this case, the software already suggests a value.

This example uses secondary values which the selected amplifiers
can output over the complete range. Therefore the transforming ratio
is 1.

4. Clicking the OK button applies the settings. Now the file is loaded.

During the loading process the signal is converted from the COMTRADE
format to the WAV format which is used for audio applications. From now
on, this file format is used for all further processes internal to the PC.

5. The file name AA12ZF. WAV is now displayed (see figure 11-7).
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Step 4: After Loading the Signal File

After loading the file AA12ZF. CFG, it is shown in the playback window (see
figure 11-7). The right-hand side area "File Properties" lists detailed information
about the signal, e.g.

* Name (*. VWAV)

» Duration of playback

e Sampling frequency

e Channels in the file
Figure 11-7:

TransPlay after loading WrtestView  HEE|

the COMTRADE file.

— Play File[z] — File Properties

Add to list .. | p AalZafclg Nare: Aal 22 way
Druration: 01z
RBemove | Sampling frequency: 10000 Hz
= Mumber of zamples: 1000
Play file(z] | Channels in file: B
Channels to play: B

' Enable Trigger  [TRSRAMMIIINE ~ | | | Subject: test (1)
— Optio:
V' Keep converted WaVE files Maote:  Converted with

OMICROM TranzPlay
V' Delay Time Correction

If you activate the check box "Keep converted WAVE files", the converted WAV
file will be also available even after terminating the TransPlay test tool.
Otherwise the file is deleted when you are exiting the program.

You can also load multiple files into the playback window. These files are then
played in the assigned order.
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Figure 11-8:

TransPlay Playback
Properties: General tab

Step 5: Preparing the Signal Output

Because the amplifier CMA 156 is being used for the current output in this
example, you have to activate the check box "Delay Time Correction" before you
play the file.

Without this correction, a phase fault may appear of approximately 2° between
the voltage (CMC test set) and the current (amplifier).

Note: This phase fault is corrected automatically and without any user action for
the sine-wave output signals of the remaining test modules.

For this example, the signal output should occur on a specific trigger condition.

1. Mark the check box "Enable Trigger" and define "Input 1" as the trigger
condition.
If you define the trigger condition "Ext. Trigger", TransPlay waits for a
trigger signal from the external CMGPS synchronization unit which is
connected to the circular plug on the rear of the CMC test device before
it starts the output of the transient signal.

2. Open the Playback Properties dialog box by clicking its toolbar icon.

Playback Properties HE

General | invert | CMC186Y | CME1561 | CMA1551 4] CHats6 1B |

Test Device
’7 CHMC156 [CHFO?C)

— Replay
Sample frequency I 10000 Hz ¥ Mo Stop on Data Underflaw

— Binary Input Recording
V¥ Enable Report File:l D:Bintwt | |E

QK | Cancel | Apply Help
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General tab

Here you can set the playback frequency of the output. The default setting
is the frequency with which the signal was recorded. In most cases the
signal will be output with the same frequency. Therefore you can leave
this value unchanged.

In practice this could be used for example to adapt a fault occurrence in a
60 Hz mains supply to a 50 Hz mains supply by stretching the time axis
with the factor 60/50.

Note: The playback frequency is adjustable between 1 and 100 kHz. But
the signals are limited to a maximum of 10 kHz by the test device.

Due to the conversion, values calculated by linear interpolations are
added or the sample frequency is reduced to 10,000 per second if the
recording frequency was higher.

If there were frequencies higher than 5 kHz included, aliasing effects can
occur.

TransPlay loads the converted files (* . WAV) to the transient memory of
the CMC test set which outputs the signals.

Note: The file to play should be stored on the hard disk, if possible, to
guarantee best load time. Loading from a floppy disk or via a PC network
could result in speed problems.

Marking the check box "No Stop on Data Underflow" always continues the
signal output even if the connected PC is not able to load the output
values to the sample buffer in time.

This is only relevant for very long files or slow computers. The transient
memory is able to store temporarily

* 2k of samples (2048 samples) with 6 output channels or
* 1k of samples (1024 samples) with 12 output channels.

Marking the check box "Binary Input Recording... Enable" logs all
changes on one of the 10 binary inputs to a defined text file, when the
signal is played back (e.qg. test file BI N. TXT in figure 11-15).
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Invert tab

On the Invert tab you can set a phase shift of 180 degrees for a channel.
In this manner, a signal can be inverted.

Figure 11-9:
TransPlay Playback Playback Properties [ 7]x]
Properties: inverting Gerersl Invert | CMC156Y | CMC16 1 | Ca15614 | Cvat5s 18 |
signals
Original File: HAUSERSATransfer\COMTRFLS \Aal 2z2f wav
Irnverted File:
Inverted Channels: Channel Information
A Type
(]2 SECI B
(13 SECONDARY VOLTAG| | £
[ ]4: SECOMDARY CURREM I
[15: SECOMDARY EUHHEFL'
QK I Cancel | Apply | Help |
Practical use of this feature: inverting the current flow by changing the
starpoint connection (e.g. from Towards Busbar to Towards Line).
This inversion is not used in our example.
CMx15x tabs
On the tabs CMC156 U, CMC156 I, CMA156 IA and CMA156 IB you can
change the signal assignment to the amplifier outputs which was initially
defined when loading the file.
For this example, the signals were assigned as follows:
« Voltage signals to CMC156 V.
e Current signals to triple A of CMA156 I.
Figure 11-10:
TransPlay Playback Playback Properties EHE
Properties: signal General | Invert  CMCISEY | cMci561 | CMats61A | CMA1SE 18 |
assignment to Test Devic
CMC 156 V ( CME188 (CHTOTC)
b aximurm
1 |1: SECONDARY VOLTAGE i [ R
2 |2 SECONDARY VOLTAGE i [ R
3 |3 SECONDARY VOLTAGE i [ R

QK I Cancel | Apply | Help

160



Test Tools

Figure 11-11:
TransPlay Playback Playback Properties HE
Properties: signal General| Invert | CMC15EY CMC1561 | cMats6l A | cvatss 18 |
assignment to Tost Devi
ezt Uevice
CMC 156 1 ( CMC156 (CH7O7C) ‘
I awirnum
1 [ oa
2 |iMone) -l ] 0a
3 |iMone) -l ] 0a
QK I Cancel | Lol | Help |
Figure 11-12:
TransPlay Playback Playback Properties HE
Properties: signal General | Invert | CMCISEY | CMC1561 CMATSEIA | CMatss 18 |
assignment to Tost Devi
ezt Uevice
CMA 156 1A ( CMC156 (CH7O7C) ‘
I awirnum
Wi CECONDARY CURRENT [ 4
2 |5 SECONDARY CURRENT i [
3 |6: SECONDARY CURRENT i [
QK I Cancel | Lol | Help |
Figure 11-13:
TransPlay Playback Playback Properties HE
Properties: signal General| Invert | CMCISEY | CMC1561 | CMATSE1A CMATSEIE |
assignment to Tost Devi
ezt Uevice
CMA 156 1B ( CMC156 (CH7O7C) ‘
I awirnum
1 [ oa
2 |iMone) -l ] 0a
3 |iMone) -l ] 0a
QK I Cancel | Lol | Help
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Figure 11-14:

Signal View - graphical
display of voltage and
current signals.

Step 6: Graphical Display of Signal File(s)

The signals to play can be displayed graphically either before or after playback
by clicking the icon.

‘_‘513_:|Aa1 2zf.cfg : Signal Yiew 2 M= 3 I

T

1: SEECOMDARY VOLTAGE
2 BECOMNDARY VOLTAGE
3 BECOMNDARY VOLTAGE

Clicking the graphic with the right mouse button opens a context menu where
you can select the zoom function. This function allows you to display any part of
the signal with an enlarged time axis.

Step 7: Playing the Signal File(s)
To play a loaded signal file, click the toolbar respective icon.

If several files were loaded to the playback window, these files will be played in
the assigned order.

Step 8: Logging the State Changes of the Binary Outputs

All changes to the binary inputs are logged in the text file (here: Bl N. TXT; refer
to figure 11-15).

Time is referenced to the start of the output. The entries of a repeated test are
appended to the end of the file.
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Figure 11-15:
Log file with the binary

. Eile Edit 5 h Hel
inputs as test result 2o B

-
Started playback of file D:\Reinhard\OMICROM\CHC\Contradefiles\Ra12zf(5)_Time_Corrected.wav.
Input 1 Input 3 Input 5 Input 7 Input 9
Time [5] Input 2 Input % Input 6 Input 8 Input 1@
8.000000 a a Li] a a a Li] a a Li]
8.1370867 1 a Li] a a a Li] a a Li]
End of playback.

Started playback of file D:\Reinhard\OMICROM\CMC\Contradefiles\Ra12zf(5)_Time_Corrected.wav.
Input 1 Input 3 Input 5 Input 7 Input 9
Time [5] Input 2 Input % Input 6 Input 8 Input 1@
8.000000 a a Li] a a a Li] a a Li]
8.289349 1 a Li] a a a Li] a a Li]
End of playback.

Started playback of file D:\Reinhard\OMICROM\CMC\Contradefiles\Ra12zf(5)_Time_Corrected.wav.
Input 1 Input 3 Input 5 Input 7 Input 9
Time [5] Input 2 Input % Input 6 Input 8 Input 1@
8.000000 a a a a a Li]
B8.056386 1 a Li] a a a Li] a a Li]
End of playback.

Started playback of file D:\Reinhard\OMICROM\CMC\Contradefiles\Ra12zf(5)_Time_Corrected.wav.
Input 1 Input 3 Input 5 Input 7 Input 9
Time [5] Input 2 Input % Input 6 Input 8 Input 1@
8.000000 a a Li] a a a Li] a a Li]
8.06408% 1 a Li] a a a Li] a a Li]
End of playback.

Started playback of file D:\Reinhard\OMICROM\CMC\Contradefiles\Ra12zf(5)_Time_Corrected.wav.
Input 1 Input 3 Input 5 Input 7 Input 9
Time [5] Input 2 Input % Input 6 Input 8 Input 1@
8.000000 a a Li] a a a Li] a a Li]
8.017996 1 a Li] a a a Li] a a Li]
End of playback. -

K| A7
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11.2 Harmonics

Harmonics allows to create a signal sequence consisting of a pre-signal with
fundamental frequency, followed by a signal with definable spectral combination
(all harmonics up to 3 kHz if supported by the connected hardware), followed by
a post-signal with fundamental frequency.

Harmonics can generate up to three currents and three voltages, each with
individual harmonics composition.

The duration of all three parts of the signal sequence can be defined.
Furthermore, the middle part can react on a binary input signal (‘trip signal’) that
leads to a direct transition to the post-signal and a time measurement of the trip
time.

Besides generating this signal sequence live you may also output the harmonics
composition as static state, i.e. manually controlled duration, or export it as
Comtrade file set for separate playback, e.g. with the TransPlay tool or the
Advanced TransPlay test module.

For more detailled information about Harmonics, please refer to its online help.
Start Harmonics and click the Hel p Topi ¢s command on the HELP pull-down
menu.
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11.3 Binary I/O Monitor

The Binary I/0O Monitor is a program that runs independently from the OMICRON
Test Universe. It displays the status of all given inputs and outputs of OMICRON
CMB and CMC 256 hardware and all the given inputs for all other OMICRON
CMC hardware. The Binary I1/O Monitor can also display state changes of CMB
and CMC 256 inputs.

If an OMICRON test module is running in parallel, the monitor shows the used
connectors with their assigned signal names, as defined in the hardware
configuration, and their states. If no test module is running, the monitor shows
the numbers of the binary I/O contacts.

The Binary 1/0 Monitor has no reporting functionality and can not be used as a
test module in an OCC document.

Figure 11-16:
Binary 1/O Monitor #: Binary 10 Monitor
File Options  Help
Hald | ¥ Indicate state change
CMC256.6 [CDT206G] CMB Slot 1 INP1-24 CMB Slot 7 OUT1-16
o m Trip 01 Binin 11 rm Bin. out 7-1
@ 02 Trip3 phase @& 02 Trip 1 phase r 0z Bin. out 7-2
e 03 Trip 1 phasze & 03 Trip 3 phase | 03 Euxt. zones active
o 04 nia @& 04 Binin1-4 rM Bin. out 7-4
05 nfa ¢ 05 Binin1-5 -0 Bin. out 7-5
OB nfa ¢ 06 Bin in1-6 -k Bin. out 75
o 07 nfa 07 Binin 17 - Bin. out 7-7
08 nfa ¢ 08 Bin in1-8 - Bin. out 7-8
[ ] nfa ¢ 02 Bin in1-2 romw Bin. out 72
(o 10 nfa ¢ 10 Bin. in 1-10 r 10 Bin. out 7-10
B 01 CBaux 11 Bin in 1-11 r 1 Bin. out 7-11
m 02 CBaZa 12 Bin. in 1-12 r 12 Bin. out 712
r 03 CBsZb ¢ 13 Bin. in 1-13 r 13 Bin. out 7-13
04 Bin out2 14 Bin in 1-14 r 14 Bin. out 7-14
¢ 15 Bin in 115 r 15 Bin. out 715
¢ 16 Bin. in1-16 r 16 Bin. out 7-16
17 Binin 1-17
¢ 18 Bin. in 1-18
19 Bin. in 118
¢ 20 Bin in1-20
& 21 Bin in 1-21
22 Binin1-22
23 Binin1-23
24 Bin in1-24
Feady LI Ty
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11.3.1 Features of the Binary I/O Monitor

11.3.2

Binary 1/0 Monitor provides the following functions:

It displays the status of all given inputs and outputs of OMICRON CMB
and CMC 256 hardware and all the given inputs for all other OMICRON
CMC hardware.

It displays as many 1/O connectors as are detected.

Binary 1/0 Monitor displays all available inputs and outputs in a grid: one
column for the CMC I/O connectors and one column for each CMB card.
Each column has one row for each connector.

The columns are manually resizable, and Binary 1/O Monitor will save
these settings from session to session.

If the user does not specify column settings, the columns are
automatically resized at start-up to fit the length of the connector label.

The user can zoom in and out on the display on the context-sensitive
menu.

Each input and output is identified with the same name given in the
hardware configuration from the test module that runs in parallel (e.g.,
01 Start L1, 04 Trip L1, etc.).

The state of each connector is indicated with a small symbol: a circle
indicates an input and a square indicates an output. If the symbol is white,
it means that the connector is inactive (0); if it is red, it means that the
connector is active (1); if it is grey, it means that the state is not available.
If the check box "Indicate state changes" has been selected, a small
yellow arrow is shown to indicate that a change of the binary status was
detected.

Using Binary 1/0O Monitor

Binary I/O Monitor has one button, labelled Ho L D, which freezes the display of
the current states, and a check box, "Indicate state changes." At start-up, the
HoLD button is released and the check box is cleared.

When the "Indicate state changes" check box is selected, each change ofa CMB
or CMC 256 input (from 0 to 1 or from 1 to 0) is indicated by a yellow arrow
beside the current state information. Each change will continue to be indicated
until the HoLD button is pressed, or until the check box is cleared.

Note: Only the state changes of CMB or CMC 256 inputs can be displayed; the
state changes of any other CMC inputs are never indicated by a yellow arrow.
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Pressing the HoLD button freezes the display of the current states and state
change information. As well, if the "Indicate state changes" checkbox has been
selected, pressing the Ho L b button will clear and disable it. Once pressed, the
HoLD button label changes to RESET. Pressing the HOLD/RESET button a
second time releases the display and Binary 1/0 Monitor once again displays the
current states of the connectors.

11.3.3 Context Menu

Binary 1/0 Monitor offers several options via the context-sensitive menu. This
menu can be displayed by right-clicking anywhere on the I/O grid. The context-
sensitive menu offers two display options: zoom and automatic resize of the
columns.

Zoom

Zoowm allows the user either to shrink the display (Zoom ouT) so that more
columns and inputs/outputs are visible in the Binary I/O Monitor window, or to

enlarge the display (zooM IN). When the display is enlarged, fewer columns

may be visible, but the information displayed will be more legible. This is useful
on screens with a very high resolution.

By right-clicking anywhere on the 1/O grid, the user can access the zoom menu’s
three options: IN, ouT and 100%. Selecting "IN" zooms in on the display.
Selecting "ou T" zooms out on the display. Selecting "100 %" restores the
display to the default view.

The last zoom setting is saved when the program exits. The next time the
Binary 1/0 Monitor is launched it will display the 1/O grid with the same zoom
setting.

Automatic Resize

The AUTOMATIC RESIZE option is used to fit the width of the columns of the
I/0O grid table to the length of the longest input/output label. This ensures that all
labels are completely displayed.

The AUTOMATIC RESIZE option is located at the bottom of the context-
sensitive menu. This option can be activated by right-clicking anywhere on the
I/0 grid and then selecting AUTOMATIC RESIZE. A checkmark will appear
next to the option to indicate that it is active.

The column widths can also be adjusted manually. When the pointer is moved
over the line between two columns, it changes to a double-headed arrow.
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11.3.4

Clicking the column boundary and dragging in the wanted direction will resize
the column. When the column sizes are resized manually, the AUTOMATIC
RESsIzE option is deselected and the columns sizes are saved when the the
program exits. The next time Binary 1/O Monitor is launched it will display the
columns with the same width.

Options Menu

The OPTIONS menu, the second of the Binary I/O Monitor’s three pull-down
menus, has two display-related choices: ALWAYS ON TopP,and UPDATE
SPEED.

Always on Top

The ALWAYS ON ToOP option is used to keep the Binary 1/0O Monitor always in
the foreground of the screen, even if another window has the focus. This option
is useful if the user wishes to work in another window but continue to monitor the
activity of Binary I/O Monitor.

The ALWAYS ON ToOP option can be activated by clicking the ALWAYS ON
Top optiononthe OpTIONS pull-down menu. A checkmark will appear next to
the option to indicate that it is active.

Update Speed

The UPDATE SPEED option allows the user to set the speed at which the
Binary 1/0 Monitor is updated. The Binary I/O Monitor, like all applications, draws
on the computer’s resources. If the PC slows down because of insufficient
resources, reducing the speed at which Binary 1/0O Monitor is updated can free
system resources for other tasks.

The update speed can be changed by clicking UPDATE onthe OPTIONS pull-
down menu. This will open a submenu with three update speeds: low, medium
(the default update speed) and high. The current update speed is indicated by a
checkmark.

Note: The CPU load of the PC depends on the number of displayed inputs and
outputs and on the update speed. Therefore, the update speed can be
improved, while at the same time reducing the use of system resources, by
zooming in or reducing the window size to display only the columns necessary.
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11.4 Polarity Checker

Polarity Checker determines whether the polarity is correct.

To do so, the CMC test set injects a special polarity test signal at a certain
location. This signal can either be a voltage or a current signal from the CMC
test set, and has a signal characteristic similar to a saw-tooth signal with a
different steepness for the rising and the falling slope.

The polarity check itself is then done with the accessory CPOL, a portable easy-
to-use polarity checker.

Figure 11-17:
lllustrated setup for a
polarity check

For more detailled information about Polarity Checker, please refer to its online
help. Start Polarity Checker and click the HELP ToPics... command on the
HEeLP pull-down menu.

11.5 Overcurrent Chracteristics Grabber

The Overcurrent Characteristics Grabber is a supplement to the Overcurrent
test module. It helps to extract overcurrent characteristics from graphical
representations. This is most helpful in cases where the inverse-time
characteristic is not known by a given formula but only by a graphical
representation, e.g. an image in a relay manual.

Y For more detailled information about Overcurrent Characteristics Grabber,
@ please refer to its online help. Start Overcurrent Characteristics Grabber and
clickthe HELP ToPics... command onthe HELP pull-down menu.
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Figure 11-18:
AuxDC

11.6

AuxDC

The utility AuxDC is used to set the auxiliary DC voltage output of the CMC 256
test set or of a CMB binary input/output unit by means of a slider control. By
default, there is only one property tab, with the name and serial number of the
device connected (either CMC 256 or CMB). If OMICRON Test Universe detects
a second device, a second property sheet, with the name and serial number of
the device, is created. In off-line mode, only the CMC 256 property sheet is
shown.

AuxDC IH[=] B3
B
—Woltage Sel
280 -
o0y - Cloze |
noy - Heb |
BOY - Default |
48 -
24 -
Other .~
OFF - _|
v

Property Sheets

Select the property sheet of the device you wish to set the auxiliary DC voltage
output by clicking the appropriate tab.

Slider control

With the slider control select either
» one of the predefined voltage values

« the setting Other, which allows you to enter any voltage value of your
choice up to the limits of the test set

* to turn auxiliary DC voltage OFF.

Buttons

Set Switches the currently set voltage value to the auxiliary DC
voltage output of the device on the active property sheet (either
CMC 256's or the CMB).

Close Exits AuxDC.
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Help Calls up the AuxDC online help.

Default Makes the currently set voltage value the power-up default for
the device on the active page (either CMC 256 or CMB). When
CMC 256 or CMB is powered-up the next time, the auxiliary DC
output is automatically set to this default value.

This default values applies until it is deliberately changed again.

Setting a power-up default value means, that immediately after CMC 256 or
A CMB is switched on, this voltage is applied to the auxiliary DC voltage output,
regardless whether a PC is connected to it or not.

Caution: This voltage can be life-threatening!
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11.7

11.7.1

11.7.2

License Manager

License Manager combines the functionality of a license browser, a merge tool
and a license file editor. It searches for OMICRON license files stored on the
computer's hard disk(s) and displays their contents. It merges license
information from different files into the master license file Ori cron. lic. It
furthermore allows to add license keys manually.

To start License Manager, click the License Manager link on the Start Page
under "Setup".

About License Files in General

The OMICRON Test Universe software is protected from unauthorized
installation and use by a license file.

The license file codes specify both the individual test modules and the hardware
serial numbers, i.e., each code specifies a pair of "test module X to work with
test set A". The license code enabling test module X to work with test set A will
differ from the code for test set B, even though A and B might be the same CMC
model.

The master license file Omicron.lic is automatically installed to
[ Common Fil es]\ OM CRON.

[ Common Fi | es] holds the full path to the folder defined by Windows to store
files shared by applications that are installed on the system. In English Windows,
that folder is named "Common Files" and is located in the [ Progr am Fi | es]
folder. In other language versions of Windows, the common files folder name is
localized appropriately by default.

Om cron. |icis an ASCII text file that can be viewed with any text editor.

If you purchase additional OMICRON test sets at a later point of time, you need
to add their license codes, provided in separate license files, to the master
license file. To do so, use the utility License Manger.

Finding License Files

< Enter the search path into the entry field "Search in" and click "Search".
License Manager automatically searches through this folder and all of its
subfolders. If you want to search through an entire hard disk, just enter its
drive letter, e.g., C: \ . The "Search in" combo box saves the most recent
selections.

or

< Click "Browse" to navigate through the folder structure. Select a folder of your
choice and click "Search".
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All found license files(s) is / are listed in the upper list field.

The master license file does not have to be searched. As long as it is physically
present on the hard disk, it is always displayed.

11.7.3 Contents of a License File

Click a license file of your choice in the upper list field.

« The lower left-hand side list field shows the devices (test sets) the file
contains, and their according serial numbers.

* The lower right-hand side list field displays the keys that belong to each
device selected in the left-hand side list field. Each key represents exactly
one test module licensed to work with the selected device.

11.7.4 Merging License Files into the Master License File

Qﬁl Corresponding menu item: FILE | OPEN FILE AND MERGE...

Navigate through the folder structure and select a license file of your choice. The
selected file as a whole is merged into the master license file Ori cron. | i c; the
new keys are appended. Double entries in the master license file are prevented:
if a key already exists, the new one replaces it.

C’Bl Corresponding menu item: EDIT | MERGE FILE

In the upper list field select any license file of your choice but the master license
file. The selected license file as a whole is merged into the master license file;
the new keys are appended. Double entries in the master license file are
prevented: if a key already exists, the new one replaces it.

Note: Contents merging is unidirectional, i.e., only merging from any license file
into the master license file is possible, not vice versa. Therefore, depending on
the selected license file, this button and the corresponding menu items may be
disabled.

xl Corresponding menu item: EDIT | DELETE FILE

Deletes the selected license file. Caution: Also the master license file can be
deleted that way. Deleted files cannot be restored from the Windows Recycle
Bin.
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11.7.5

11.7.6

11.7.7

Merging Single Devices and Keys Into the Master
License File

Corresponding menu items: EDIT | MERGE DEVICE (MERGE KEY)

Select either a device in the lower left-hand side list field or a key in the lower
right-hand side list field and click the according icon. The selected device or key
is merged into the master license file. Double entries in the master license file
are prevented: if a device with that serial number or a key with that license code
already exists, the new one replaces it.

Corresponding menu item: EDIT | DELETE DEVICE (DELETE KEY)

Deletes the selected device or key from the master license file. Caution:
Deleted items cannot be restored.

Note: Only master license file entries can be deleted. Therefore, depending on
the selected license file, this button and the corresponding menu items may be
disabled.

Context Menus

In all list fields, a right mouse click opens a context-menu. The context-menu
items correspond to the toolbar and pull-down menu commands. They either
merge entire license files (in the upper list field), or selected devices or keys
(lower list fields) into the master license files. Deletion is also provided.

With the context-menu item AbD LICENSE KEY (corresponding pull-down
menu item: EDIT | ADD LICENSE KEY...) Yyou specify a new pair "test set A
licensed to work with test module X". To do so, you need a valid device serial
number and test module license code. Note: A new license key can only be
added to the master license file. Therefore, depending on the selected license
file, the respective menu items may be disabled.

Sorting the Displayed Data

In the two lower list fields the displayed data can be sorted to show the data in
ascending order by device type, serial numbers or module names. To do so,
click the respective header (e.g., Device).
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11.7.8 Show Only Licenses With Version

Starting with Test Universe 2.0, a "license code versioning" is introduced.
Adding the TU version number to a license key permits the user to store identical
license keys for different TU versions in one master license file. This master
license file can then be used on different computers with different TU versions
without the necessity to exchange master license files beforehand.

This combo box represents a display filter: Specify whether all available license
keys of the particular file are displayed (default) or just the ones according to
your version selection.

11.7.9 Sending Your Master License File to OMICRON by
E-Mail

In case you need to send you master license file to the OMICRON support for
an analysis, select the pull-down menu item FILE | SEND MASTER
LICENSE FILE.... This hands over a copy of your master license file to the
standard e-mail application of this computer. If there isn't such an application,
the Windows Internet Connection Wizard will start.
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File Name Extensions within
OMICRON Test Universe

Control Center OCC
filename.OCC OMICRON Control Center test document

OCC Helper Modules

filename.PAU Pause Module
filename.EXQ ExeCute
filename.TXV TextView

Hardware Configuration

filename.OHC OMICRON Hardware Configuration (import/export
from HCW'’s General tab)

Test Object

filename.RIO The term RIO stands for Relay Interface by
OMICRON.

RIO, was developed out of a need for a uniform data
format for parameters of protective relays produced
by different manufacturers. RIO provides a common
structure to allow functionally similar relays from
diverse manufacturers to be tested with similar test
procedures. Moreover, RIO permits relay
characteristics to be imported into the Test Universe
software from external sources.

filename.XRIO XRIO represents the second generation of RIO file
technology. The term RIO stands for Relay Interface
by OMICRON, a technology that was already
available with previous Test Universe versions. The X
denotes "extended".
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Test Modules

flename.ADT Advanced Distance
flename ANNUCH  Annunciation Checker

filename.BDF Differential
filename.CBS Circuit Breaker Simulation
filename.DST Distance
filename.GRF Transient Ground Fault
filename.HRT (Advanced Differential) Diff. Harmonic Restraint
filename.MEA EnerLyzer
filename.MET Meter
filename.NSI NetSim
filename.OAR Autoreclosure
filename.OTF (Advanced Differential) Diff. Operating Characteristic
filename.OUC UCA-CMC Configuration
filename.OVT Overcurrent
filename.PQT PQ Signal Generator
filename.PRA Pulse Ramping
filename.QCM QuickCMC
filename.RMP Ramping
filename.SEQ State Sequencer
filename.SNC Synchronizer
filename.TRA Advanced TransPlay
filename.TRD Transducer
filename.TST (Advanced Differential) Diff. Trip Time
filename.VGT (Advanced Differential) Diff Configuration
filename.VSR VI-Starting
IEC 61850
filename.OSV Samples Values Configuration
(IEC 61850-9-2 LE Configuration Module).
filename.OGC GOOSE configuration file
filename.OUC GSSE configuration file
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Test Tools
filename.BIO Binary 1/0O Monitor
filename.HOU Harmonics
filename.LST TransPlay
filename.TYP TypConverter

Other file name extension to know about

filename.CFG COMTRADE configuration file for the description of
the failure report channels (signal names, sample
frequency etc.). Can be imported with the test module
Advanced TransPlay, and loaded with the (optional)
test tool TransView.

filename.CML Comtrade file. Can be loaded with the (optional) test
tool TransView.

filename.CSV Comma Separated Value. This file format is readable
by any common database. Data is written in simple a
table format. A selectable field delimiter separates the
individual values.

If a certain value is a text string, the value needs to
have a text qualifier (the text may contain the
character which is used a field delimiter). As the
naming of Boolean values is not consistent throughout
different database programs, the True and False
values need to be defined as well.

filename.DAT COMTRADE file with the sample values of the failure
report channels. Can be imported with the test module
Advanced TransPlay, and loaded with the (optional)
test tool TransView.

filename.HDR "Header file" that contains any data-related text that is
not used by the software. Can be loaded with the test
module Advanced TransPlay
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filename.PDF

filename.PL4

filename.RTF

filename.TPL
filename.TRF

filename. XML

Invented by Adobe, Portable Document Format
became the standard format for the electronic
document distribution and exchange. PDF files look
exactly like original documents and preserve the
fonts, images, graphics, and layout of any source file
- regardless of the application and platform used to
create it.

To view a PDF file, either the Adobe Reader © or the
Foxit Reader (both freeware) is required. If you have
no PDF reader on your computer yet, OMICRON Test
Universe installs the Foxit Reader.

PL4 file. Can be imported with the test module
Advanced TransPlay, and loaded with the (optional)
test tool TransView.

Rich Text Format. File format used by Microsoft Word
or other word processing applications.

Template file for the test reports (based on RTF)

TREF file. Can be imported with the test module
Advanced TransPlay, and loaded with the (optional)
test tool TransView.

XML (eXtensible Markup Language) became
accepted as a standard for data exchange,
particularly between different platforms. XML and
related technologies are W3C (World Wide Web
Consortium) recommendations.

If you want to learn more about XML, the W3C site
http://www.w3.0rg/XML/ may be a good starting
point.
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Contact Information / Technical
Support

Europe, Africa, Middle East
OMICRON electronics GmbH

Phone: +43 5523 507-333
E-Mail: support@omicron.at
Web: www.omicron.at

Asia, Pacific
OMICRON electronics Asia Ltd, Hong Kong

Phone: +852 2634 0377
E-Mail: support@asia.omicron.at
Web: www.omicron.at

North and South America
OMICRON electronics Corp. USA

Phone: +1 713 830-4660 or 1 800 OMICRON
E-Mail: techsupport@omicronusa.com
Web: WWW.omicronusa.com

For addresses of OMICRON offices with customer service centers, regional
sales offices or offices for training, consulting and commissioning please see our
website.
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