Redmine issue 5005:  GroundDisconnector examples:
Comments that need to be incorporated
· Martin comment:  If we are changing the model we are changing all the events of the model.  Ground action would be in the scope of the 61968.  If we are changing ABC to ground that is a joint TF issue.
· We need to discuss how we should model Ground – but Svein has started leaning towards this as something that we add as part of Fault and make it a temporary equipment for describing short-circuit cases.
The neutral circuit can include Breaker, Disconnector and GroundDisconnector. However, it is not that common to include GroundDisconnector since it is only relevant during work and most likely they are using EarthingSwitch.

Ground and earth
Sources within reach Wikipedia, Toppr, ChatGPT and IEV are not unanimous on whether in the context of power engineering earth and ground are the same or not. While Toppr and ChatGPT recognise differences, Wikipedia and IEV consider them synonyms.
Sources: https://en.wikipedia.org/wiki/Ground_and_neutral, https://chat.openai.com “What is the difference between earthing and grounding?”, https://www.toppr.com/guides/physics/difference-between/earthing-and-grounding/ and https://www.electropedia.org/iev.
IEV: earthing (grounding, US):  “electric connections between conductive parts and local earth.”

Wikipedia: “Ground or earth in a mains (AC power) electrical wiring system is a conductor that provides a low-impedance path to the earth to prevent hazardous voltages from appearing on equipment (high voltage spikes).[citation needed] The terms ground and earth are used synonymously in this section; ground is more common in North American English, and earth is more common in British English. Under normal conditions, a grounding conductor does not carry current.”
The existing UML uses “ground” everywhere, except in the following 6 places (of which only the first is relevant for us):
· Wires::EarthFaultCompensator
· Markets::Environmental::Earthquake
· The descriptive text of Landside, MagneticStorm, RelativeDisplacement and Tsunami.

Given the above, considering just the existing classes in the UML, for consistency “EarthFaultCompensator” should be renamed to “GroundFaultCompensator”.


Kind of switches
In our discussion thus far we encountered 4 types of switches:
1. GroundDisconnector
1. Disconnector
1. Earthing switch as a fixed-installed asset
1. Earthing switch as a temporarily installed asset e.g. by maintenance crews.

Ad 1. GroundDisconnector
· GroundDisconnector connects an N phase to another N phase.
· <TO BE VALIDATED BY MEETING, NOT SURE IF THIS IS ALREADY THE CASE> GroundDisconnector should, like EarthFaultCompensator, allow to have either one or two terminals modelled. If the second terminal is omitted, it is assumed the terminal solidly connects to ground.
· Definition
· The existing UML definition is: "A manually operated or motor operated mechanical switching device used for isolating a circuit or equipment from ground."
· There is no apparent need to modify the existing definition.

Ad. 2 Disconnector
· Disconnector connects ABC phase to another ABC phase.
· As observed by Svein, a disconnector can be combined with an earthing switch (i.e. switch kind no. 3) in a single asset. Question is if this needs a new class of Switch?
· Definition
· The existing UML definition is: "A manually operated or motor operated mechanical switching device used for changing the connections in a circuit, or for isolating a circuit or equipment from a source of power. It is required to open or close circuits when negligible current is broken or made. "
· Observation 1: Is it about closing circuits, or about closing the disconnector?
· Observation 2: Is the last sentence needed at all?
· Proposal A for new UML definition is: "A manually operated or motor operated mechanical switching device used for changing the connections in a circuit, or for isolating a circuit or equipment from a source of power. It is required to open or close a disconnector circuits when negligible current is broken or made. "
· Proposal B for new UML definition is: "A manually operated or motor operated mechanical switching device used for changing the connections in a circuit, or for isolating a circuit or equipment from a source of power. It is required to open or close circuits when negligible current is broken or made. "

Ad. 3 Earthing switch as fixed installed asset
· Earthing/GroundingSwitch connects an ABC phase to a N phase.
· <TO BE VALIDATED BY MEETING> Earthing/GroundingSwitch should allow to have either one or two terminals modelled. If the second terminal is omitted, it is assumed the terminal solidly connects to ground.
· This class does not yet exist in the UML.
· A new class could be defined: 
· as a child of Switch, 
· named either EarthingSwitch (inconsistent but recognisable) or GroundingSwitch (consistent, uncommon term),
· with the proposed UML definition:
· Option A (copy of IEV60050): “A mechanical switching device for earthing parts of an electric circuit, capable of withstanding for a specified duration electric currents under abnormal conditions, but not required to carry electric current under normal operating conditions of the electric circuit.”
· Option B: "A manually operated or motor operated mechanical switching device used for connecting a circuit or equipment to earth for safety purposes."

Ad. 4 Earthing switch as temporarily installed asset
· GroundJumper connects an ABC phase to a N phase.
· <TO BE VALIDATED BY MEETING> GroundJumper should allow to have either one or two terminals modelled. If the second terminal is omitted, it is assumed the terminal solidly connects to ground.
· This class does not yet exist in the UML.
· A new class could be defined:
· as a child of Switch or of Jumper,
· suggested to be named GroundJumper,
· with the proposed UML definition “A short section of conductor with negligible impedance which can be manually removed and replaced if the circuit is de-energized, used for connecting a circuit or equipment to ground. Note that zero-impedance branches can potentially be modelled by other equipment types.”

Examples of use (for information).
1. All switches shown below are GroundSwitch[image: A black and orange line

Description automatically generated with medium confidence]

1. Three-phase switch SL shown below is a Disconnector, here combined with earthing switch AL in a single asset. Three-phase switch ATT150 is an earthing/grounding switch. Single-phase switch SNA is a GroundDisconnector.
[image: A diagram of a circuit

Description automatically generated]

1. An example of a single-phase combined 420kV disconnector / earthing switch is shown in the picture below. The earthing switch is the yellow and green striped bar.
[image: A large electrical tower with wires

Description automatically generated with medium confidence]

From a manufacturer’s catalogue the following describes the asset shown: “Disconnect switch Mark 40 has vertical breaking with two fixed and one rotating insulator column per pole, it is equipped with high-pressure point contacts with silver inserts. The switch knife's unique construction frees the contacts from ice and corrosion coating when switching on and off. An earthing switch can be fitted on one or both sides of the switch. Example ratings are:  145 – 420kV / 2,000 – 4,000 A / 50 kA (1 sec).

Existing text of 301
4.5.9 [bookmark: _bookmark0][bookmark: _bookmark1][bookmark: 4.5.9_Grounding_devices_modelling][bookmark: Figure_26_–_Phase_connectivity]Grounding devices modelling
4.5.9.1 Use case for modelling grounding devices.
These devices have significant impact on short circuit currents for unbalanced faults. The devices are switched around in operation with switches when transformer to line switching is reconfigured. A Petersen Coil is a grounding reactor, used in alternating-current power transmission systems, designed to limit the current flowing to ground at the location of a fault by setting up a reactive current to ground that balances the capacitive current to ground flowing from the lines. Additionally Petersen coils are “tuned” to match the charging current expected from unbalanced faults. The impedance of Petersen coils can be “tuned” by adjusting a step position like a tap. This step position is telemetered sometimes. Sometimes a linear model is sufficient for relating step position to impedance value and sometimes a table is needed to reflect the non-linear relationship between step position and impedance.
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4.5.9.2 Model
The EarthFaultCompensator is a type of abstract conducting equipment intended to model grounding equipment. The EarthFaultCompensator is a specialization of ConductingEquipment because a short circuit requires proper connections and various switches may open or close to change the topology configuration. This is not the same thing as a branch like ACLineSegment, ShuntCompensator, or PowerTransformer; it does not regulate voltage and is never connected to Y or delta. A zig-zag grounding transformer is still a PowerTransformer, because of all the other complexities of the transformer. Two specializations handle fixed impedance devices (GroundingImpedance) and adjustable (variable) Petersen coil devices (PetersenCoil).

The GroundingImpedance and PetersenCoil connect the same way as other devices using Terminal. The phases attribute on Terminal indicates the connection is at the neutral phase. The EarthFaultCompensator can have either one or two terminals modelled. If the second terminal of an EarthFaultCompensator is omitted, it is assumed the terminal solidly connects to ground. If there is some kind of topology or local earth resistivity that is important to model on the ground side of the device, then a second terminal is added.

If a PowerTransformer has a Y connection on one Terminal (secondary) and a PetersenCoil is connected to that Terminal, then the PowerTransformer's secondary Terminal should be specified with phases attribute equal to ABCN and the PetersenCoil's Terminal should be specified with phase N. This allows the ACLineSegment to connect with phases ABC (the default) and the PetersenCoil to connect to the same TransformerTerminal but only on the N phase. It is expected all PetersenCoil terminals to have only phase N.

If a normal modelling of a non-neutral network is done, then the Petersen coil model is added, which includes:
1) Adding the phasing of ABCN to the transformer secondary terminal so you have a place to connect neutral.
2) Adding the PetersenCoil object with its associated Terminal which is phase N, since only one Terminal is modelled the PetersenCoil is assumed solidly grounded.
3) Associating the PetersenCoil's single Terminal to the ConnectivityNode at transformer secondary.
A separate class for ground disconnector (GroundDisconnector) is included since these are typically physically very different from most other switches and often excluded from normal power flow analysis. Similar to PetersenCoils, it is expected that all GroundDisconnector terminals will have only phase N. For the data model refer to Figure 27.
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[bookmark: Figure_27_–_Grounding_device_data_model][bookmark: _bookmark2]	– 74 –	IEC 61970-301:2020+AMD1:2022 CSV
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[bookmark: Figure_28_–_Station_including_Petersen_c][bookmark: _bookmark3]
In the example above, SC1, SC2, SC3, SC4 and SC12 are the ground circuit disconnectors. B1 and B2 are bus bar sections. XF1, XF2, XF3, XF4, C1, C2, L1 and L2 are connectivity nodes.

The grounding point in a transformer is the midpoint of the Y-connected windings and the ground circuit disconnectors are connected to these midpoints. In CIM the midpoint is described by the phasing attribute of the Terminal at the Y-connected windings. This means that ground circuit switches are connected to the connectivity node at the Terminal with the Y-connected windings. In Figure 28 this means SC1 is connected to L1 and SC2 is connected to L2 and that L1/L2 has the phases ABC as well as the N phase for the midpoint.

4.5.9.3 CIM Instance model example
The PetersenCoil that was depicted previously in Figure 28 is shown in Figure 29 modelled with only one terminal and implicit grounding.
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[bookmark: Figure_29_–_Instance_diagram_objects_wit][bookmark: _bookmark4]
Figure 29 shows how the ground disconnector SC1 has a Terminal with N phase and the transformer Terminal connected to L1 has the phases ABCN.

Comments on text of document 301 (2020)
The following is observed regarding the text in document 301.
· Section 4.5.9.1. Propose following text modification to refer to all kinds of grounding device:
“Grounding devices are used in alternating-current power transmission systems to limit the current flowing to ground at the location of a fault. This is achieved by connecting the neutral of devices to ground via a switch, an impedance or a specially designed reactor. These devices have significant impact on short circuit currents for unbalanced faults. The devices are switched around in operation with switches when transformer to line switching is reconfigured.
A GroundingDisconnector is a zero‑impedance switch connecting or disconnecting a neutral to and from ground. A GroundImpedance is an impedance connecting the neutral to ground. Finally, aA Petersen Coil is a grounding reactor, are used in alternating-current power transmission systems, designed to limit the current flowing to ground at the location of a fault. This is achieved by setting up a reactive current to ground that balances the capacitive current to ground flowing from the lines. Additionally Petersen coils are “tuned” to match the charging current expected from unbalanced faults. The impedance of Petersen coils can be “tuned” by adjusting a step position like a tap, to match the charging current expected from unbalanced faults. This step position is telemetered sometimes. Sometimes a linear model is sufficient for relating step position to impedance value and sometimes a table is needed to reflect the non-linear relationship between step position and impedance.”
· Section 4.5.9.2, third and fourth paragraphs. The text only refers to the Petersen Coil, but does it not also apply to GroundImpedance?
· Section 4.5.9.2, fifth paragraph. Propose to place text at top as first paragraph: “A separate class for ground disconnector (GroundDisconnector) is defined since these are typically physically very different from most other switches and often excluded from normal power flow analysis. It is expected that all GroundDisconnector terminals will have only phase N. For the data model refer to Figure 27.”

SUMMARY OF PROPOSALS / TO DO
This section summarizes the matters to discuss, decide on and do. Not necessarily in proper order.
1. Decide on the need to differentiate between earth and ground. Then align all text and definitions with that decision.
0. Consider renaming Wires::EarthFaultCompensator to Wires::GroundFaultCompensator.
0. Validate if GroundDisconnector is allowed to have 1 terminal specified.
1. Decide if there is a need to distinguishing kinds of switches (i.e. function)? If so, define impact on UML and propose change.
1. Consider modifying definition of Disconnector to one of the following:
0. Option A: “A manually operated or motor operated mechanical switching device used for changing the connections in a circuit, or for isolating a circuit or equipment from a source of power. It is required to open or close circuits disconnectors when negligible current is broken or made."
0. Option B: “A manually operated or motor operated mechanical switching device used for changing the connections in a circuit, or for isolating a circuit or equipment from a source of power. It is required to open or close circuits when negligible current is broken or made."
1. Consider modifying definition of GroundDisconnector on basis of the text of Disconnector i.e. "A manually operated or motor operated mechanical switching device used for changing the connections in a neutral to ground circuit, or for isolating a circuit or equipment from ground."
1. Consider if a combined disconnector/grounding switch is a separate type of class Switch.
1. Consider expanding the UML with a GroundingSwitch.
1. Consider expanding the UML with a GroundingJumper.
1. Original goal: clean up the existing diagram (and related text) in the 301.
2. To be discussed, Todds observation: “- Initial thoughts are a needed association from GroundDisconnector to the existing Ground class and, in turn, an association to the VoltageLevel called "Ground". We want to highlight the containment aspect of the modeling. This should then be included as an additional example in Figure 29.”
1. We need to decide how much detail is required in the temporary safety grounds.  What are we asking of UTF14?
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Figure 28 — Station including Petersen coils drawing example
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