








The data for the zero sequence impedance of the line
are not available. In compensated networks, this is only
relevant in case of a cross country fault. However, this
is not the focus of the test. Testing ground faults is
more important in networks with other starpoint han-
dling. If the zero sequence impedance should not be
known in such a case, it can be measured. [5] For the
purposes of the trial, the following arbitrary assumptions
have been made:

Z0(sec): 16 Q
Phi Z0: 85°

Fig. 4: Transient network model - Entering the data of the line
to be protected

Test sequence

In accordance with the protection concept as described
at the beginning of this article, the various test steps (for
example, one transient network model module per test
step) are now generated in the test plan by copying the
transient network model test module defined so far. The
following items are defined for each test step:

- Fault location / line affected
- Fault type

- Prefault duration

- Fault duration

- Postfault duration

Fig. 5: Transient network model - Configuring the fault
quantities

The fault inception angle is not relevant in the example
discussed. The fault resistance (arc resistance) is de-
fined as metallic fault (0 Q).

To provide automatic assessment of the test steps, it is
possible to define which response is to be expected
from the protection (for example, instantaneous tripping,
send release). This can be done first for the relay at the
A end. Later, these settings have to be adjusted accor-
dingly in the test plan copied for the B end for cases
where the protections at the both ends are expected to
react differently.

Fig.6: Transient network model - Definition of the
measurement conditions for the automatic assessment of the
test steps

In each transient network model module inserted,
"GPS" is defined as the trigger for the start of the test.
This allows the generation of time-synchronized test
signals at both ends of the line. State of the art test
equipment allows to synchronize test signals via GPS
with an accuracy in the range of a few microseconds.

Test plan for end B

Once one has defined all the test steps and the corres-
ponding measurement conditions, one can produce the
test plan for the B end by creating a copy of the test
plan for the A end. As already mentioned it is necessary
to adjust the measurement conditions in the test plan
for the end B for the test cases (3) and (5).
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Outputs/hardware configuration

The test plan for end B needs to be configured that a
connected test set generates the simulated currents for
end B in the corresponding hardware configuration
dialog.

CMGPS

Test Set
End B

PC-A with PC-B with
Test SW Test SW

Fig. 7: End-to-end test using transient network model

Once one has defined which test set is to correspond
with which network node in the simulation software, one
can verify the assignment again on the "Outputs" tab of
the software. The "Outputs" tab allows also defining
how the current transformer starpoint is connected -
either towards the busbar or towards the line. One can
also activate current transformer models for the simula-
tion of CT saturation effects. [6] In the example de-
scribed, simulation of CT saturation is not applied.

PE Test View: NetSim1

Fault I Lines I Sources' CE Outputs |Gene|a\| Sequence

Analog Outputs:

Location/Direction Primary | Secondary Model Display name
VA |Line * 1100 kY 1000 % W L1-E AW L2-E AN L3-EA
1A |Dir. line x| 6000 A 1.0004 [T CT [IL1 &IL2 81034
VB |Line x| 1100kY 1000 %
1B Dir . line: x| 6000 A& 10004 [T cT

Fig. 8: Transient network model - Outputs tab

Testing, practical experience

As described above, the preparation of a test with a
transient network model can be done very efficiently.
When using transient network model test plans, there is
not much difference regarding the test sequence as
compared to conventional end-to-end tests. Conducting
field tests with the transient network model method, it
was found that it takes about 1-2 hours to create the
test plan for both ends once the line and protection
concept data have been identified. The actual test in the
field took about 2 hours (including setting up and re-
moving the test equipment and GPS), not including

travel time. Once a standardized test plan has been
created - for the next line, with an identical protection
concept, but different line parameters, the test plans are
adjusted in less than 30 minutes.
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Fig. 10: Transient network model — Time signal view: Test
result for test case 5/ End B
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Fig. 11: Transient network model — Visualization of impedance
trajectories for test case 5/ End A and End B
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Summary

End-to-end testing of distance protection systems with
teleprotection can be prepared and carried out very
easily using a transient network model that can be
applied in the substation. A field trial evidenced that the
correct function of the protection system can be verified
efficiently by entering only a few data and within a min-
imum of time. This shows that transient network simula-
tion, which has previously rather been an issue for
research and development, may now also become an
issue for routine testing and commissioning.

The major advantages are:

- End-to-end testing verifies the complete
teleprotection scheme

- Very realistic testing by applying transient
simulation

- High degree of test automation and standardization

- The test verifies proper function of the protection
for the most important operational conditions and
fault conditions

- The plausibility of the calculated protection settings
is verified

- Testing is independent of the type of protection
device used (black box test)

- ltiis not required to know any relay parameters for
this kind of test - only a few network parameters
(line-data, CT, VT) and the protection concept
need to be known

- The test software calculates secondary test
quantities automatically from primary data and from
CT/VT data

- Time savings when preparing the test plans as
compared to the conventional end-to-end test
method

- Familiar test environment — the transient network
model behaves like easy to use, state of the art
protection test tools in contrast to tools like EMTP
etc.
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