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1. Introduction 

Major utilities around the world are at various stages of adopting and implementing the IEC 61850 standard. 
However, most of the focus has been on IEC 61850 Generic Object-Oriented Substation Events (GOOSE) 
messages and reporting using Manufacturing Message Specification (MMS). As utilities move towards 
completely digital substations (encompassing digitized currents and voltages, and switchgear statuses and 
control signals) for protection and control schemes, it is expected that the measurements infrastructure for fault 
and disturbance recording will change and be based on digitized IEC 61850 sampled values (SVs). 

Digital substations require that analog signals from current and voltage instrument transformers (CTs and VTs) 
be digitized by merging units (MUs), and transmitted over the process bus using Ethernet communication. The 
process bus is an Ethernet network that links the primary equipment in a substation with various secondary 
equipment including protection, control, and monitoring equipment. In greenfield digital substations, large-size 
CTs and VTs can be replaced by non-conventional instrument transformers (NCITs) which directly convert the 
electrical signals into optical signals. 

The IEC 61850 standard was initially released as a standard for ‘communication networks and systems in 
substations’ by the International Electrotechnical Commission TC 57 WG 10 in 2003 [1]. Part 9-2 of the IEC 
61850 standard [2] defines the service mapping required for the transmission of SVs. However, specific 
implementation requirements were not defined in the IEC 61850-9-2 standard. The IEC 61850-9-2LE 
implementation guideline [3] was drafted by the UCA International Users Group to fill this gap by providing a 
guide that defines the logical devices, dataset and attributes, sampling rates, time synchronization requirements, 
and message format to be used by MUs in publishing SVs.  
 
MUs typically sample analog measurements from current transformers (CTs) or voltage transformers (VTs), 
convert these analog quantities to digital signals, and then publish them over Ethernet communication network 
as Layer 2 IEC 61850-9-2 multicast messages. Sampled values are transmitted using a publisher/subscriber 
multicast mechanism using two sampling rates. These are 80 and 256 samples per cycle (s/c), respectively. The 
former is specified for protection applications, while the latter is to be used for measurements-related 
applications.  
 
Some of the benefits of an IEC 61850-9-2 system include: a decrease in project cost due to the reduction in 
copper cabling, better system-wide data availability/sharing, and reduced risk of CT saturation. Substation 
safety is also improved by eliminating concerns associated with open CTs (since electrical signals from the CTs 
and PTs are digitized). 
 

This application guide presents a summary of the functionality of the TESLA 4000-SV Sampled Values (SV) 
Digital Fault Recorder (DFR), its application, and the engineering process required to configure the TESLA 
4000-SV DFR. 
 
The equipment and software used in this tutorial include: TESLA 4000-SV DFR, IEC 61850-9-2LE MUs, GPS 
satellite clock with IRIG-B/PTP time synchronization, TESLA 4000-SV firmware v1.2, TESLA Control Panel 
(TCP) v3.6, and ERL 61850 IED Configurator v3.3. 
 
It is assumed that the user has a basic knowledge of the TESLA 4000 DFR, and is familiar with TCP software 
and the ERL 61850 Configurator Tool. 
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2. ERLPhase Digital Substation Fault and Disturbance Recorder  

Digital Fault Recorders (DFRs) in digital substations require subscription to digitized SVs from SV publishers 
(MUs). The successful engineering of fault and disturbance recording for an IEC 61850-based digital substation 
using the TESLA 4000-SV DFR generally requires three configurations: 

• Settings configuration of the merging unit(s) 

• TESLA 4000-SV channel settings configuration: channel assignment and features configuration using 
the TESLA Control Panel (TCP) software 

• TESLA 4000-SV IEC 61850 engineering: SV subscription and GOOSE publisher/subscriber 
configurations using the ERL 61850 Configurator tool 
 

Settings configuration for the MU is done using a vendor-specific MU configurator tool. Although, the 
configuration of merging units is out of the scope of this application guide, the required settings are straight-
forward. For analog standalone merging units, the system integrator will need to configure the CT and VT ratios 
connected to the analog inputs of the merging unit, system parameters, destination MAC address, IP address, 
user priority, type of SV measurement (80 or 256 s/c), VLAN ID, APP ID, sampled values ID (svID), 
communication ports, etc. 
 
In order for the TESLA 4000-SV to subscribe to sampled values from merging units:  

• the same system frequency (50 Hz or 60 Hz) must be used 

• the same sampling rate (80 s/c or 256 s/c) must be used 

• the number of sampled values streams on the process bus network the TESLA 4000-SV (Port 402 
network) is connected to cannot exceed 8 streams (each stream contains 4 currents + 4 voltages as per 
IEC 61850-9-2LE) 

• both the TESLA 4000-SV and MUs should be time synchronized for accurate recording and triggering 
 
Note that if time synchronization on the TESLA 4000-SV is lost, the DFR will continue recording though the data 
may be unreliable.  
 
Refer to the merging unit user manual for specific information on how to configure and commission such 
devices. More information on UCA sampled values implementation guideline can be found in [3]. 

3. TESLA 4000-SV Channel Settings Configuration using TCP Software 

3.1 Configuring Current and Voltage Channels in TCP Software 

TESLA 4000-SV channels settings and hardware configurations are done using the TESLA Control Panel (TCP) 
software.  
 
Firstly, create a new IED by clicking on the ‘Add New’ button shown in Figure 1. Ensure that the ‘Configuration’ 
type is TESLA 4000-SV. Enter the ‘IED Name’, IP address of the unit (or direct serial link parameters), and other 
information. The ‘Configuration ID’ can be obtained automatically by using the ‘Get Information from TESLA’ 
feature (shown in Figure 1) or from the web order tool available on the ERLPhase website.  
 
Next, create a new settings file. At the left side of the TCP software interface, go to the ‘Settings’ tab and then 
create a new setting by clicking on the ‘New’ button on the right-hand side of the settings screen. Select the 
appropriate setting version from the pop-up window. TESLA setting version 702 is used as shown in the 
‘Identification’ screen in Figure 2. Also, select the sampling rate to use (80 s/c or 256 s/c), and confirm that the 
‘Analog Type’ is set at ‘Sampled Values’. The selected sampling rate should correspond to the sampling rate of 
the SV publishers (i.e. the merging units). The number of calculated channel instances on the TESLA 4000-SV 
DFR are given in Table 1. 

To create the current and voltage channels, add ‘Element’ to the ‘Channels’ at the Element Tree located on the 
left side of the TCP software setting screen, shown in Figure 2. The current and voltage channels are created 
using the ‘Input Type’ set as ‘999001 SV Aac’ as shown in Figure 3. The SVI input used in the ERL 61850 
Configurator ICT software must match the analog input channel number in the TCP software settings file.  
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The corresponding channel at the ERL Configurator tool is sampled values input ‘SMV IN - C01’ and should be 
assigned as Phase A current (as shown later in Figure 15). A corresponding Phase A current from a merging 
unit should be mapped to SVI input C01 in the ERL 61850 Configurator tool. Channel 2 in the TCP software will 
correspond to ‘SMV IN - C02’ in the ERL 61850 Configurator tool. 

Other settings parameters to configure in the TCP software are the AC analog scaling, angle offset, rate of 
change interval, harmonic number, nominal rating, SV clipping limit, and limits for records triggering. The SV 

Figure 1: TESLA 4000-SV DFR configuration – adding a new IED 
 

Figure 2: Configuring Identification setting 
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clipping limit for current or voltage channels is defined as a multiple of the nominal value and should match with 
the merging unit analog full scale measurement value.  

Table 1: Available calculation channels on the TESLA 4000-SV DFR 
Calculated 

channel 
Instances Calculated 

channel 
Instances 

Summation 48 Frequency 12 

Sequence 24 Power factor 18 

Impedance 18 Fault location 10 

Watt/Var 18   

 

  

 

 
The TESLA 4000-SV DFR is suitable for various substation and bay configurations. Figure 4 shows a breaker-
and-a-half arrangement with CT and VT connections to two merging units. These two merging units digitize the 
analog voltage and current measurements to sampled value measurements that are then published over an 
Ethernet communication network (process bus) to the TESLA 4000-SV DFR.  
 
Since there are no line CTs in this breaker-and-a-half bus arrangement, the line currents are obtained using the 
TESLA 4000-SV’s Summation Channel feature. For example, the line current calculations for Line 1 and Line 2 
are given in (1)-(2): 

𝑖𝐿𝑖𝑛𝑒1 = 𝑖𝐶𝑇−1 − 𝑖𝐶𝑇−3        (1) 

𝑖𝐿𝑖𝑛𝑒2 = 𝑖𝐶𝑇−2 + 𝑖𝐶𝑇−3        (2) 

where 𝑖𝐶𝑇−1, 𝑖𝐶𝑇−2, 𝑖𝐶𝑇−3 are Bus 1-, Bus 2-, tie-breaker currents, respectively. 

 

 

 

 
 
 

Figure 3: Channel configuration in TCP software 
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Figure 5 shows the summation channel calculations for Line 1 and Line 2 currents for the breaker-and-a-half 
arrangement shown in Figure 5. 
 

 
(a) 

 
(b) 

Figure 4: Breaker-and-a-half arrangement example 

Figure 5: Summation channel configuration for (a) Line 1 Phase A current, (b) Line 2 Phase A current 
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3.2 Configuring GOOSE Virtual Input Channels 

TESLA 4000-SV subscriptions to virtual inputs from GOOSE publishers are assigned to virtual input channels 
(Channels 1-256) in the TCP software setting file. A total of 256 virtual inputs are available for subscription to 
GOOSE data. GOOSE mapping to the same channel number (VI001-VI256) should be done in the ERL 61850 
IED Configurator using the data from GOOSE publishers. 
 
As highlighted in Figure 6, the TESLA 4000-SV can subscribe to single point status (Boolean), double point 
status, Health, Int32, or Int32u data types. 
 

 
 
 
The data type mapped in the ERL 61850 Configurator tool must match with the ‘Type’ setting on the GOOSE 
Virtual Input channel configuration in the TCP software settings file. 
 
All other features such as CDR, PMU, Trend, and Coop Group continue to be supported on the TESLA 4000-SV 
DFR, and the configuration process is similar to that of an analog inputs TESLA 4000 DFR. Note that the 
breaker-and-a-half currents in Line 1 and Line 2 (obtained using Summation channels) can be streamed as 
PMU phasors in both the TESLA 4000-SV and TESLA 4000 DFRs. 
 
After all configurations have been done, save and upload the .tls setting file onto the TESLA 4000-SV DFR. 
 

3.3  Configuring Communication Network Parameters 

Communication network and time synchronization parameters are configured when the user is connected to the 
TESLA 4000-SV unit using the appropriate credentials.  
 
Once connected, go to the Communication > Ethernet tab, enter the appropriate IP addresses and Subnet 
Masks for Port 401, Port 402, Port 410, and Port 411 (Figure 7a). The available services on these ports are 
summarized in Table 2. 
 
Table 2: Communication network ports and available services 

Network 
Port 

SV 
Subscription 

GOOSE 
Publish 

GOOSE 
Subscription 

MMS PTP PRP/HSR/RSTP 

401  ✓  ✓  ✓    

402 ✓   ✓  ✓    

410/412   ✓  ✓  ✓  ✓  

411   ✓  ✓    

 
Depending on the redundancy option ordered, the following options are available on Ports 410 and 412: i) RSTP 
only, ii) RSTP and PRP, and iii) RSTP and HSR options. Figure 7(b) depicts the ‘Network Redundancy’ screen 
on the TESLA 4000-SV DFR. 

The Configuration section of the ‘Network Redundancy’ screen does not need to be changed. However, the 
appropriate redundancy profile should be selected from the ‘Active Mode’ drop down list.  

Figure 6: Configuring GOOSE virtual input subscription 

256 channels available for GOOSE 
subscription Data type 
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At the Communication > Network Redundancy tab, select the ‘Active Mode’ of network redundancy from the 
‘Active Mode’ drop down list. Figure 8 shows the redundancy profiles available for use. For normal operation, 
use the profile that does not have ‘maintenance’ in its profile name. The “Maintenance” profile is only to be used 
as directed by ERLPhase Customer service. 410/411 refer to the communication ports on the TESLA 4000-SV 
used for redundancy purposes, while the U, T, P and X notations refer to VLAN mode. Figure 8 shows the 
available Network Redundancy Profiles. 

 

   

 

 

Table 3 summarizes VLAN notations, as well as incoming and outgoing packet characteristics according to 
these notations. Refer to section 4.3 of the TESLA 4000-SV user manual for additional information [4]. 

 
Table 3: Communication network ports and available services 

Notation Incoming (Ingress) packets Outgoing (Egress) packets 

Untagged (U) tagged or untagged untagged 

Tagged (T) tagged or untagged tagged 

Passthrough (P) no modifications no modifications 

X disabled disabled 

 

Figure 7: Communication settings for (a) Ethernet ports, (b) Network redundancy feature 
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FTP Communication is required for uploading .cid files from the ERL Configurator tool to the TESLA 4000-SV 
unit. While connected to the TESLA 4000-SV, at the Communication > FTP screen, change the ‘Mode’ to 
‘Enabled’, as shown in Figure 9(a).  

The communication ports to use for sampled values subscription, GOOSE publishing/subscription, and MMS 
should be enabled at the Communication > IEC 61850 screen by checking the relevant boxes (as shown in 
Figure 9b). When the port is enabled, GOOSE and sampled values are available according to the IEC 61850 
configuration loaded to the TESLA 4000-SV DFR (using the ERL 61850 Configurator Tool).  

Note:  

MMS communication is only available if Port 401 is enabled. If Port 401 is enabled, then MMS is also 
available on the other three ports regardless of whether they are enabled or disabled.  

   

 Figure 9: Communication settings for (a) FTP, (b) IEC 61850 port settings 

Figure 8: Network redundancy profiles 
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3.4  Configuring Time Synchronization Parameters 

The TESLA 4000-SV DFR supports IRIG-B (modulated or unmodulated) and PTP (IEEE 1588) time 
synchronization. The Precision Time Protocol (IEEE 1588) is an Ethernet network-based time source with very 
high accuracy. The TESLA 4000-SV DFR uses IEEE C37.238 Power Profile. 

The following time synchronization precedence order is used to determine which time source will be used at any 
given time: 

• PTP (requires ordering the network redundancy option) 

• IRIG-B (or System Sync from a TESLA I/O Box) 

• Real-Time clock (RTC) running on an internal oscillator 

General time synchronization settings can be configured at Time > General (Figure 10a). PTP parameters may 
be set at Time > PTP screen (Figure 10b). The parameters to configure are shown in Figure 10(b). These 
parameters must match parameters of the Master clock. 

 

     

 
 
The Time Synch Mode can be set as i) PTP/IRIG, ii) PTP Only, iii) IRIG Only. If the mode is set to PTP/IRIG 
mode, both PTP and IRIG will be used. PTP will be used if synchronized, with a fallback to IRIG if PTP is not 
synchronized. The PTP Only mode uses PTP exclusively and will ignore IRIG signal. The IRIG Only mode uses 
IRIG exclusively and will ignore PTP signal.  
 
Sync Lower Bound and Sync Upper Bound are the lower and upper threshold values (in nanoseconds) for the 
path difference between the local clock and the reference time source (Grandmaster). If the path difference falls 
below the Sync Lower Bound value once, then the local clock is classified as synchronized. 

Figure 10: Time synchronization configuration (a) General configuration, (b) PTP configuration 
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If the path difference exceeds the Sync Upper Bound value once, then the local clock is classified as 
unsynchronized. 
 
The primary domain is the domain in which the PTP traffic occurs. The setting can be from 0 to 255 (Default = 
254). If ‘VLAN’ is Enabled, VLAN ID and Priority becomes enabled and configurable.  
 
The VLAN IDs available for use are 0, 2 to 4042. VLAN Priority 0 to 7 (Default = 4).  
 
The P2P Delay Interval is used to specify the interval at which the port measures the Peer-to-Peer delay. This 
interval can be set as 1, 2, 4, 8, 16, 32 s, (Default = 1s).  
 
The ‘Asymmetry’ setting corrects the measured delay corrupted by an asymmetrical transmission path. This 
setting ranges from -2000000000 to 2000000000 ns (Default = 0 ns). 
 

4. TESLA 4000-SV IEC 61850 Engineering using the ERL 61850 Tool 

 
The IEC 61850 engineering process for the TESLA 4000-SV DFR involves configuring the datasets, GOOSE 
Control Blocks (GoCBs), and Report Control Blocks (RCBs) that the TESLA 4000-SV DFR will publish to 
GOOSE subscribers or MMS clients over a communication network. The engineering process also includes the 
subscription process for GOOSE and sampled values, respectively.  
 
This engineering process can be done using a System Configuration Tool (SCT), which is usually product 
independent, or by using an IED Configuration Tool (ICT) which is vendor-dependent. Using the SCT requires 
that all the .icd files in the project be imported into an SCT tool and the IEC 61850 engineering done within this 
tool. On the other hand, IEC 61850 engineering using the ICT requires that the individual .cid files be imported 
into that vendor’s ICT software.  
 
The steps required for the IEC 61850 engineering of the TESLA 4000-SV are shown in Figure 11 [4].  
 

  
 
 
 
 
 

Figure 11: TESLA 4000-SV IEC 61850 engineering process 
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The required engineering process using the ERL 61850 Configurator ICT is summarized below: 

• Import the .scd file or the individual .cid files from the IEDs and MUs into the IED Palette of the ERL 
61850 Configuration tool.  

• Ensure that the IEDs/MUs (GOOSE and SV publishers) have a common ‘SubNetwork name’ with the 
TESLA 4000-SV port(s) that will be used for communication. 

• From the IED palette, individually add the .icd or .cid files from the TESLA 4000-SV, MUs, and IEDs by 
dragging and dropping these files to the Project Editor of the ERL 61850 Configurator tool. 

• For SV subscription to MUs, in the IED Configurations Editor, select the ‘Subscription Mapping’ tab > 
‘Sampled Value Mapping’ > ‘SVI’. Map the MU datasets to the SVI Logical Device (LD) inputs labelled 
C01 - C036 (for a 36-channel TESLA 4000-SV model) as shown in Figure 12. The SVI inputs (C01, 
C02, …, C36) used must match the analog input channels (Channel 1, Channel 2,…, Channel 36) in the 
TCP software. 

• For GOOSE subscription, in the IED Configuration Editor, select ‘Subscription Mapping’ tab > ‘GOOSE 
Mapping’ > ‘Binary GOOSE Subscription’ and map the GOOSE signals to the DVI Channels ‘VI001-
VI256’, as shown in Figure 13. 

• Using the ‘IED Configuration’ tab, configure the TESLA 4000-SV DFR to publish GOOSE messages or 
IEC 61850 MMS reports if required. 

• Prior to sending the CID file to the TESLA 4000-SV DFR, configure the IP address that will be used for 
FTP transfer at the ‘Properties’ tab. 

• Save the project and send the .cid file to the TESLA 4000-SV DFR by right clicking on the TESLA 4000-
SV IED > ‘Send CID’. 

 
 
For GOOSE and process bus communication, Port 401 is rated at 100 Mbps, while port 402 is 1 Gbps. The 
sampled values will be subscribed on Port 402. Thus, the default ‘SubNetwork name’ in the .cid files of the 
TESLA 4000-SV DFR (Port 402 section) and the merging units were configured as ‘ERL2’ (see Figure 12). The 
default ‘SubNetwork name’ on the TESLA 4000-SV DFR can be edited in a System Configuration Tool or by 
using a text editor. Alternatively, the default ‘SubNetwork name’ on the TESLA 4000-SV DFR can be left at 
default, while the GOOSE and SV publishers are edited to the same ‘SubNetwork name’ as the TESLA 4000-SV 
DFR. 
 

 

Figure 12: IEC 61850 sampled values configuration 
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Similarly, the GOOSE will be published and/or subscribed in this application guide using Port 401. Thus, the 
‘SubNetwork name’ for the TESLA 4000-SV DFR and the GOOSE publishers has been configured as ‘ERL1’. 
The data types of the mapped GOOSE virtual input subscriptions are shown in Figure 13, and ‘q/t’ indicates 
whether the quality and time information are included in the configured data. 

 
 
 
Figure 14(a) shows the analog current channel (channel 1) configuration in the TCP software. It also shows the 
corresponding mapping for channel 1 that must be done in the ERL Configurator Tool by mapping the sampled 
values current dataset from a merging unit to any of the SMV IN (C01-C36) inputs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: IEC 61850 GOOSE configuration 
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    (b) 

 

 
 
It should be noted that subscription to a maximum of 8 sampled value streams is supported in the current 
implementation of the TESLA 4000-SV DFR. However, mixing of SV sampling rates is not supported at this 
time. The TESLA 4000-SV can be used for 80 s/c or 256 s/c at any given time, but not both concurrently. 
 
Finally, save the ERL 61850 project and upload the .cid setting file onto the TESLA 4000-SV DFR. Restart the 
DFR after the .cid file upload in order to apply the IEC 61850 configuration change.  

5. Events Recording 

5.1  Alarms 

Alarms can be generated by the TESLA 4000-SV DFR when it loses time synchronization or if there is an IEC 
61850 communication failure between the TESLA 4000-SV DFR and the GOOSE or SV publishers it has been 
configured to subscribe from. Any of the available output contacts (Outputs 2-8) can be freely assigned.  
 
In the example shown in Figure 15, Output Contact #2 has been assigned to send an alarm if there is a loss in 
time synchronization, while Output Contact #3 issues an alarm if there is an IEC 61850 communication failure 
affecting any of the GOOSE or SV publishers the TESLA 4000-SV is configured to subscribe from. 
 
Note that this case assumes hardwiring between the TESLA 4000-SV DFR output contacts and control centre 
annunciator panel. 

Figure 14: (a) Channel 1 configuration in TCP software, (b) corresponding sampled values mapping to 
channel 1 in the ERL 61850 configurator tool  
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The status of the time synchronization alarm can also be sent to annunciators using IEC 61850 GOOSE 
messages. In this case, assignments to output contact are still done as in Figure 15. However, no hardwiring 
between the TESLA 4000-SV DFR will be required. Rather, the data objects of the output contacts logical node 
(OCGGIO1) will be published as GOOSE messages or MMS reports whenever there is a change in status. The 
required output contact logical node and data objects are shown in Figure 16. Afterwards, create a GOOSE 
control block and/or Report control block using the highlighted tabs shown in Figure 16, and assign these 
datasets to the GOOSE or Report control blocks in order to publish the output contact statuses as alarms.  

 

Figure 15: (a) Output contact configuration for time sync and IEC 61850 communication failures 

Figure 16: Output contact IEC 61850 dataset configuration  
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5.2  Subscription Supervision Logical Nodes (LGOS and LSVS) 

LGOS and the LSVS are IEC 61850 Edition 2 Logical Nodes (LNs) for monitoring GOOSE and SV subscription, 
respectively. These supervision logical nodes confirm communication and successful subscription of GOOSE 
messages and sampled values by the TESLA 4000-SV DFR. This is useful for commissioning, operation, and 
troubleshooting IED subscription issues. An LGOS or LSVS is created for each GOOSE control block or SMV 
control block that the TESLA 4000-SV DFR is configured to subscribe from, and these logical nodes are 
automatically added for all subscriptions. 

The status of the LGOS or LSVS LN can be monitored using an IEC 61850 SCADA client (e.g. Omicron 
IEDScout) as shown in Figure 17. For example, if the TESLA 4000-SV DFR successfully subscribes to a SV 
publisher, its status is ‘LSVS.St.stVal = True’. However, if the TESLA 4000 fails to subscribe to SV for 2 x ‘time 
allowed to live’ (TTL), then ‘LSVS.St.stVal = False’. The same applies to LGOS as well. 

The above-mentioned subscription supervision LNs are also included in the Events Log in the TCP software to 
indicate communication alarms. An alarm (LGOS or LSVS active) will be issued after a time delay of 2 x the TTL 
settings in the ERL 61850 configuration tool. For example, if the TTL setting in the ERL 61850 Configuration 
Tool is 20 ms, an LGOS or LSVS alarm will be issued after a time delay of 40 ms.  

 

 

 

5.3  Events Logs 

The TESLA 4000-SV DFR stores up to 1000 events in a circular buffer with automatic overwrite of the oldest 
event. If longer event storage is desired or to prevent automatic overwrite, the TESLA 4000-SV trending function 
can also be used to store event messages.  

To access event log services on the TESLA 4000-SV DFR, connect to the DFR using the appropriate 
credentials. From TCP software’s Main Menu, go to the ‘Events’ tab. Figure 18 shows the Events Log screen.  

Figure 17: IEC 61850 Edition 2 LGOS and LSVS LNs 
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A LSVS supervision alarm (LSVS2 [Active]) is highlighted in red, indicating that there is a loss in communication 
between the TESLA 4000-SV DFR and sampled values publisher #2 that the DFR has been configured to 
subscribe from. Highlighted in green is the change in state of LSVS2. This alarm changed from active to 
inactive, indicating that communication between the TESLA 4000-SV DFR and SV publisher #2 has been re-
established. 

Note that the sequence of events log can be exported in .csv format by clicking on the ‘Export to CSV’ button 
located at the bottom of the Events screen. 

 
The data quality of the events is also displayed in the Events log, as shown in Figure 18. Not only does the data 
quality of these events allow the user to know if the incoming or outgoing data can be trusted, it can also aid 
with troubleshooting. Data quality information is displayed to the user in the events, recording (high speed, low 
speed, trend, CDR), CSV export and metering. Please refer to Chapter 19 of the TESLA 4000-SV DFR user 
manual [4] for more information on data quality. 
 

5.4  IEC 61850 Server Model 

An IEC 61850 Edition 2 server is implemented in the TESLA 4000-SV DFR. The server contains LDs with data 
models for GOOSE inputs subscription (DVI), fault locator (FLTL), Logical Device 0 (LD0), measurements 
(MEAS), records (RCD), sampled values inputs (SVI), and system (SYS) logical devices, respectively.  

The DVI LD is the logical device for the subscribed GOOSE messages, and corresponds to the 256 IEC 61850 
virtual inputs GOOSE messages that the TESLA 4000-SV DFR can subscribe to. The MEAS LD contains the 
magnitudes and angles of the analog channels and derived quantities. The SYS LD contains LLN0, LGOS, 
LSVS, OCGGI, and TMSRCLTMS1.  

Figure 18: Events Log 
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Measurements from the IEC 61850 server can be obtained using an IEC 61850 client such as IEDScout 
software. Figure 19 shows the Phase A current (Figure 19a) and positive sequence voltage (Figure 19b) from 
the MEAS LD of the TESLA 4000-SV IEC 61850 server. 

 

 

 

 

 

 

 

 

Figure 19: Measurements from a TESLA 4000 IEC 61850 server, including (a) Phase A current, (b) Positive 
sequence voltage 

(a) 

(b) 
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6. Conclusion  

As more digital substations are implemented around the world, protection and disturbance recording functions 
will be completely digitized and based on communication networks. This shift will result in a reduction in copper 
cabling, decreased project costs, reduced maintenance costs, smaller form factor, better system-wide data 
availability, increased electrical isolation for improved substation safety, and easier expansion in the future. 
 
This application guide has explained the features of the TESLA 4000-SV DFR, the required 
settings/configurations, and the IEC 61850 engineering process. Some of the newly defined IEC 61850 edition 2 
GOOSE and sampled values features were implemented in the TESLA 4000-SV DFR, and were also 
highlighted in this guide. 
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