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When a fault occurs on Line 2 the fault is seen in Zone 1 by the IED DIS 3 and DIS 
4
They should clear the fault.

But if IED DIS 1 has a wrong grounding factor settings it might see the fault in Zone 
1 too. It opens the circuit breaker and the customer looses power supply.

We see distance scheme, Z1 set to 80%. There is a race to trip 1st between DIS 1 
and DIS 3.
If DIS 3 opens as planned then the customers would be OK.

KEY-is that parameters of distance Relay 1 not set correctly.
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DEVELOPMENT – in the development process of IED design we need to ensure that the 
design is OK. Design engineers in the design process must check their IEDs.

MANUFACTURING – after manufacture, take 1 from the production line and check that the 
manufacturing process is correct

COMMISSIONING – when the IED is first installed on-site is must be checked that the 
settings and wiring of the relay are correct

ROUTINE TESTS – need to ensure that a periodic test carried out to ensure that the IED s 
are still in an operational condition

FAULT INVESTIGATION – following a system fault, assess the information in the IED to 
find out why it tripped. If it is a limitation of the IED then input back into the DEVELEPMENT 
process.
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TYPE TEST – after development of products it is usually standard to have it approved by a 
regulating Testing Authority to ensure that IED is safe and operates as desired and suitable 
for the network, ie Fast Transient testing

Test ENVIRONMENTAL – temp, humidity leading to ATMOSPHERIC testing, cold & cold, 
pressure

We follow with MECHANICAL – vibration tests and ELECTRICAL testing
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Old mechanical relays were calibrated using trim pots for adjustment, this is a pic from the 
early 1980's showing how it was done.

Then we seen the manufacturing of a panel where the IED will be installed and the wiring 
and IED settings will be checked. This is an example in industry of an old Power Plant.
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Commissioning – after installation it is important to fully commission the IED
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Routine testing is down the companies own policies. After the commissioning has been 
completed we need to ensure the IED will continue to operate correctly and that it or its 
system has not developed any faults.
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Very often BAD things happens and faults are developed.
Here we see 3 different types of kit that can be used for fault investigation.

The IED may include a fault recorder function, the OMICRON CMC unit can be used to 
record system faults, or 3rdly we can use a Disturbance Recorder. These disturbances are 
generally recorded in a COMTRADE file.

We can use the CMC to play back these files and replay the fault into a IED to investigate 
what was happening during the fault condition.
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SCHEME FAULT – something in the design that causes the IED to operate when it should 
not, ie blocking scheme
COMMISSIONING FAULTS – failure to commission correctly
TESTING FAULTS – maybe the IED was not tested correctly

Bath Tub Curve:
Lots of component failure early in design life but then it drops off as reliability improves, but 
then as product get older components start to fail.
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ROCOF – rate of change of freq – measures how quickly the freq reduces – monitoring a 
generator freq at overload and see how quickly the freq reduces rather than wait until the 
freq reaches a defined low level resulting in the removal of the generator from the grid 
before any damage can occur.
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1st pic – GEC ZFB – full of copper and Iron, was state of the art until the late 70's, it’s a 
distance protection test set (impedance test set)

2nd pic – Old overcurrent protection test set.
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Early electronic test set

Computer controlled test set
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Future proofing the test set can be considered to include IEC 61850 activities that need to be tested 

on IED’s. For hardware, this means that the test set should have an Ethernet connection installed.
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What is required when commissioning:

What are the strategys of the company, do they focus testing based on time/cost?
Documenation required – data sheets, setting sheets
Are there any standards that need to be followed and safety standards
Multiple IED types in a sub station leads to multiple ED opertaing software

Test Equipment must be flexible to cater for different testing methods and final 
reporting essential.

MSc Protection Testing Presentation

© OMICRON electronics 
GmbH



20

MSc Protection Testing Presentation

© OMICRON electronics 
GmbH



21

MSc Protection Testing Presentation

© OMICRON electronics 
GmbH



22

MSc Protection Testing Presentation

© OMICRON electronics 
GmbH



23

Pics show diff environment for pylons
Desert, arctic conditions, vegetation, everyday conditions
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Complex – at system design, errors in calculations
Docs – old sub stations may lose documentation
CT/VT accuracies
Geometrical – geometery of the power system

Setting distance zone to 80% of the Line allows for these kind of errors
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In the past, when unsure about Line Impedances there was a requirement of a 
large generator to make the measurement at line frequencies.
This size was to overcome effects of surrounding noise, effects of cables etc
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•We are not connected directly to the lines and the GB1 has safety surge arrestors 
if any line coupling occurs.

•CPC 100 is connected via the coupling unit CP CU1 and the grounding box CP 
GB1 to the overhead line
•The CPC is the variable frequency signal generator and frequency selective 
measurement unit, the CP CU1 has a power transformer and measurement 
transformers for galvanic insulation, the CP GB1 is used to couple the signals onto 
the overhead line and to give maximum safety in case of undesired high voltage
•The grounding switch on the far end stays closed during the whole measurement!
•The grounding switch on the near end is opened for a short period of time during 
the measurement and closed afterwards again for safety reasons.
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Calculates the different fault loops
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Impedance results along with the Z1 +ve and Z0  zero sequence results
k-factor (residual compensation factor)
entered into the relay to allow calculations to compensate for the return path of the fault

MSc Protection Testing Presentation

© OMICRON electronics 
GmbH



30

this shows calculated values against measured values
Genuine reults taken from Germany
Shows big difference between calculated & measrued results and this can cause unwanted 
tripping
From data of real parameters from the cable therefore Ph-Ph faults will be fairly accuratly
modelled but the Ph-E faults will be problematic

0 seq difference = (23.8-16.1)/16.1=0.478 = 48%
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results will show whether the relay is set correctly
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Re and Xe are the Resistive and Reactive reaches of the ground
RL and XL are the Resistive and Reactive reaches of the phase
Z0 is the zero-sequence impedance
Z1 is the positive-sequence impedance
Ze is the ground fault reach (without compensation)
ZL is the phase fault reach of the relay

This shows different ways of entering the residual compensation factor into different 
types of relays. Now we have enough information to enter data in any format
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this is defined by the impedance of the line and the line angle
it has an off set indicating that the IED is directional looking forward along the line and also 
looking in the reverse direction by a certain distance.
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This is used mainly for earth faults where there is a high resistive component giving the IED

a larger resistive reach. Related to arcing or tower footing or if the return path is highly 
resistive.
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Proving the characteristics: 
create the characteristic from new
setting the characteristic from front panel of IED install a characteristic from a library
dump down from IED using software but remember to check against the settings sheet as 
IED settings may have been entered into IED incorrectly…….
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2 parts:
in software we have a complete simulation of the IED & we can assess how it 

performs under particular conditions

We can define test signals

We can store information for future use.
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