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Introduction

The scope of the test is an IED publishing IEC 61850-9-2 sampled value messages. For example such IED could be a Merging Unit. A merging unit is a device that converts analog input signals from one or more conventional CT's and VT's merges the samples into a digital IEC 61850-9-2 sampled value message.

The test procedures in this document are based on the "Implementation Guideline for Digital Interface to Instrument Transformers using IEC 61850-9-2, version 2.1, July 2007
" further refered to as 9-2LE. 
The following table specifies which test procedures are mandatory/conditional for the conformance block.

	Conformance Block
	Mandatory
	Conditional 

	11a Sampled values

part 9-2 publish
	SvpX
	<condition>: SvpY

	11b Sampled values

part 9-2 subscribe
	Future (SvsX)
	Future (SvsY)


Note: In case a 9-2 publishing IED supports GOOSE or MMS based services to transfer binary status or control indications the server test procedures version 2.2 has to be used for the conformance test
1 Test procedures for 9-2 publish
Documentation

· PICS – compare template in IEC 61850-9-2 $9.2 (the F/S columns may be removed)
· MICS – as defined in 9-2LE, just refer to 9-2LE
· TICS – as defined in 9-2LE, just refer to 9-2LE
· PIXIT – template will be included in the test procedures
All documents shall mention the device name and versions. Conformance statements may be integrated in one document.
Configuration

· ICD file – compare example in 9-2LE
· SCD, CID file or table 10 in 9-2LE:

	Parameter
	Value Range
	Comment / SCL configuration

	LDName
	xxxxMUnn
	xxxx is, according to [6], clause 8.4.2, the concatenation of substation name, voltage level and bay

MUnn is, according to [6] the attribute Inst of the element LDevice. MU is predefined by this standard while nn needs to be configured and is used to differentiate several merging units within the same bay; i.e. nn identifies the measuring point.

	MACDestinationAddress for MSVCB01
	01-0C-CD-04-xx-xx
	xx-xx needs to be configured if MSVCB01 is enabled

	MACDestinationAddress for MSVCB02
	01-0C-CD-04-xx-xx
	xx-xx needs to be configured if MSVCB02 is enabled

	MSVCB01 Enabled
	TRUE/FALSE
	Transmission of 80 samples per nominal line cycle enabled

	MSVCB02 Enabled
	TRUE/FALSE
	Transmission of 256 samples per nominal line cycle enabled

	Nominal frequency
	ENUMERATION (50,  60, …)
	Values like 16.7 or 25 may be used in the future


Note: if the device does not supply all samples, ‘dummy’ SAV data objects might be referenced in the data set.  RS: how to detect the difference between dummy and real or samples in the ICD/SCD?

Samples that are not measured or calculated shall have Quality bit = Invalid
RS: how about samples that are supported by the IED but the input signal is not connected or temporarely broken? Quality will toggle from Invalid <> Valid?

Communication services

Chapter 5 USE OF IEC 60044-8
· The maximum delay time as specified in clause 5.3.2, NOTE 2 shall apply as maximum allowed delay.   FST: The delay specified is for the whole transmission path. The MU must be "faster" to allow some margin for the time used in the network. But to my knowledge, there is no spec for the delay of the MU alone.
· The specification of the clock input according to clause 6.2.5 of [44-8] shall apply as well.
Chapter 6 USE OF IEC 61850-9-2
· 6.1:    SendMSVMessage is Mandatory, SendUSVMessage is optional

· 6.2.1: Physical layer = Verify 100Base-FX full duplex with ST or MT-RJ connectors; However we will allow 100Base-TX with RJ45 as well
· 6.2.2: Link layer = Verify that the APPID is 0x4000  (fixed by 9-2LE)
· 6.2.3: Verify that the Quality attribute of the calculated samples is extended with the "derived" bit

7 SPECIFICATION OF THE LOGICAL DEVICE "MU"

7.1

· Verify the name and logical nodes of the logical device xxxxMUnn (table 4) in the SCL 
· Verify the logical node LLN0 of the logical device xxxxMUnn (table 5) in the SCL
· Verify the dataset PhsMeas1 (table 6) in the SCL

· Verify the common data class SAV and scalefactor values (table 7) in the SCL

· Verify the Multicast sampled value control block "MSVCB01" and/or "MSVCB02" (table 8 and table 9) in the SCL
· Verify the SCL configuration matches with the configuration data in the sampled values messages (svID "xxxxMUnn01" matches the name and logical device)
7.2

Possible operating modes are

ON (publish 9-2 messages), 

TEST (messages with test flag set, optional, behavior as specified in PIXIT), 

OFF (during startup, no messages)

After restoring the power the IED shall publish 9-2 messages within specified time (PIXIT).
Verify the IED supports a 1 PPS type signal transmitted by an optical fiber, according the specification in IEC 60044-8, clause 6.2.2.1, Table 10, column "glass fiber".

Verify: The attribute "SmpCnt" behaves as specified in IEC 61850-7-2: "The parameter SmpCnt shall contain the values of a counter, which is incremented each time a new sample of the analogue value is taken. The sample values shall be kept in the right order. If the counter is used to indicate time consistency of various sampled values, the counter shall be reset by an external synchronization event."
IEC61850-9-2: SmpCnt will be incremented each time a new sampling value is taken. The counter shall be set to zero if the sampling is synchronised by clock signal (SmpSynch = TRUE) and the synchronising signal occurs.See NOTE 2: When sync pulses are used to synchronise merging units, the counter shall be set to zero with every sync pulse. The value 0 shall be given to the data set where the sampling of the primary current coincides with the sync pulse.

Operating without synchronization: If the merging unit does not receive a synchronization signal and has left the hold-over mode as described above, "SmpSynch" in the SV message shall be set to FALSE. "SmpCnt" shall wrap as if a synchronization pulse would be present. (PIXIT – hold over time period)
Richard: RefreshTime is optional (PIXIT). The example in Annex A is without RefreshTime!  
7.2.4 Calculations to be done in the IED: If neutral current and / or voltage are not measured, the merging unit has to calculate these values as a sum of the phase values. However, since the receiver needs to know, if the values are calculated or measured, the merging unit has to indicate that in the "derived" bit in the respective quality field. And the ICD file has to indicate that by the ‘virtual’ attribute of the substation section modelling the neutral current CT (PIXIT) 
ANNEX A 
· Verify format of the SV messages as specified in figure 3: MAC, VLAN tag, APPID
· Verify format of the SV messages as specified in figure 4: 
· MSVCB01: APDU with 1 ASDU
· MSVCB02: APDU with 8 ASDU 
· Verify format of the SV messages as specified in figure 5: dataset PhsMeas1
· Verify sampling rate is 80 and/or 256 samples per cycle for 50Hz

· Verify sampling rate is 80 and/or 256 samples per cycle for 60Hz

· Verify the sampled values match with the analog signals (magnitude accuracy check, 100 A (r.m.s.) = 141'421 * 1mA and 100 V is 14'142 * 10mV (peak) for pure sinusoidal signals. Check for several point on range for (classical secondary) voltages and amps. Full rated primary voltages/amps are out of scope.
· Scaling is done by the IED! PIXIT shall describe how this is done.  For example it could be said that MU does no scaling, since it delivers the values as primary values
. Sensor ratings are often implicit or specified by a legacy method since for non-conventional sensors, the classical ratings do not apply. In such cases, the sensor interface is neither accessible nor specified. The "scaling" is part of the signal conditioning. If classical CTs/PTs are used as sensors, the use of the LNs TCTR and TVTR may apply for setting the MU. 
ANNEX B: SCL EXAMPLE 
No verification
ANNEX C: ACCURACY
In a merging unit kind of device the magnitude accuracy is mainly limited by the accuracy of CT or VT. Measuring the amplitude accuracy of the device (the Analog to Digital conversion) may be out-of-scope for the test. ABB: This would no longer be a conformance test, but a function test.  (see also Annex A)
The delay from sampling to sending the sample message shall be less then the maximum delay as specified in 44-8 clause 5.3.2 = 2 * Ts or 3 * Ts 
(Ts being the inverse of the digital data rate). Ts is the time between two messages. For example datarate for 50Hz protection Ts 1/4000msg/sec = 0.25ms. So the delay in this case is either 0.5 or 0.75 msec.  (each ethernet switch will add an additional delay ~0.1msec for 100MB or ~0.01msec for 1GB)
How about measuring the "phase error" on samples with the same SmpCnt value; this should be within 5usec!
ANNEX D: DYNAMIC RANGES 

No verification 

ANNEX E: REFERENCE ARROWS 

Verify the reference arrow orientation system for an IED. How? FST: Inject a primary value and make a "polarity check" to verify if the wiring and finally the wiring instructions.  Richard: Wiring is out-of-scope for the conformance test 
Abstract test cases
	Svs1 
	

	Svs2 
	

	Svs3 
	

	Svs4 
	

	Svs5 
	

	Svs6 
	

	Svs7 
	

	Svs8 
	


Detailed test procedures

To be defined when abstract test cases are stable.
PIXIT template
- FX connector type = ST or MT-RJ

- support test mode? 
- samples with RefreshTime?

- sample rate 80 and/or 256?

- are neutral sampled values calculated?

- support 3 or 4 voltage and/or 3-4 currents signals
- describe how the samples are scaled

- support 50 and/or 60 Hz nominal frequency?

- what is the time synch hold-over period? 

- which quality bits are supported?

- max length for IED name?

COMMENTS from version 0.1
-----Original Message-----

From: Bruce Muschlitz [mailto:bruce@enernex.com] 

Sent: donderdag 13 november 2008 22:55

To: Schimmel, Richard; Fred Steinhauser; stephan.gerspach@ch.abb.com; gerhard.lang@siemens.com; frederic.leconte@areva-td.com

Subject: RE: 9-2LE Test procedures for Merging Unit (draft)
Richard: My comments are:

Clause 1, paragraph 2, "reffered" should be spelled "referred" RS: DONE
Clause 1, paragraph 3: We need to be very clear that devices which transfer binary status messages with SV data are "9-2 devices" and not "9-2LE devices". We only test 9-2LE devices in this version. =  
Also, using GOOSE to send additional information is out of scope (that will be a MU and a 8-1 server combination). =RS: this is described in the paragrapg, no change required

Finally, using GOOSE to send control messages is a very bad idea because there is no feedback on whether the control operated (you can manufacture some type of feedback, but this will never be inter-operable and we should discourage non-interoperable solutions!)
RS: this last statement is not correct. It's always been the foreseen that GOOSE may be used for "fast" trip signals. The feedback is simply perfromaed by a published GOOSE with the new state change

Clause 2, a comment on "Quality bit = ??". The answer should be "quality=Invalid"

Clause 2 "7.2 Verify operating modes..." I think this is all optional behavior for a MU. Normal behavior is only "ON". If the vendor specifies this option, then we can test the behavior.  RS: the only mode that can be tested is ON and the optional TEST mode. 
Comment "RefreshTime seems to be optional...". 9-2LE is not very clear on whether 9-2 (optional) RefrTm is allowed within the 9-2LE PDU. I think there is an error in 9-2LE because that leads to an ambiguity of the sample data offsets. Perhaps the best solution would be to add this to a PICS and recommend that it NOT be used for MU.
RS: let's clarify this in the testing what we expect (how do we handle tissue for 9-2LE?)

Comment "Scaling is done by the merging unit...". I think the actual assignment of the "real" CT/VT ratios is out of scope. The idea is that the values across the wire reflect the "correctly scaled" information and each vendor may have a different way to set this up. So it should be "out-of-scope".
>> RS: this contradicts with the interoperability philosophy of the standard. But if this is the conclusion of the group …

Annex C, paragraph 1: I think we should verify amplitude accuracy to perhaps a few percent (maybe 1%?) just to ensure that the CT/VT ratios are actually used
>> We will see how advanced the test system will be. The more accurate the higher costs. 1% is a good value for protocol testing. During type testing it shall be much higher (<<0.2%).

Annex C paragraph 3: Measuring this phase error might be out of scope because it it difficult to perform as a communications test. I do not think the test is required (users will need to trust that the vendors can actually perform calculations specified on their data sheets).

>> We will see how advanced the test system will be. The more accurate the higher costs. Type testing?

If any of this is unclear, please tell me. Regards ... Bruce Muschlitz
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�Should be 2004


�One possibility could be that the icd file has all LNs included, but the ones not supported have the LN Mode preconfigured to the value “Off”


�I would assume yes – quality will be set to invalid as well, if it is not correctly acquiring the information.


�According the implementation guideline, there is no option, how scaling is done. It is specified, that integer representation shall be used (table 7) and the scale factor is defined.


�Note that concerning the delay specification related to 44-8, NOTE 2 applies. So there is no need to do this test. What may be done is the measurement of the real delay, but this would be a performance test.





