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1 
Conventional all measurements and signals hardwired
high cabling efforts
2
Process bus and Standalone Merging Unit with CTs/VTs - signals through process bus
all process signals hardwired to process bus and made available through process bus – cabling 
effort reduced
3
Process bus and Merging Unit with Low Power Instriment Transformer (LPIT)- signals through 
process bus
additional LPIT are used with better measurement characteristics and reduced size (big 
advantage for GIS)

Substation Automation goes digital: 
-new designs and concepts are now possible
-skills shift from electrical to digital
-new tools, procedures, etc. are need for configuration, commissioning and maintenance



GOOSE - Telegram periodically send starting with a minimum repitition rate and then increased
by doubling until a defined maximum repitition rate is achieved
SMVs - Measurements are sampled; for each sample a telegram is send through the network; 
telegram is no repeated
Note: there is a variation: to send samples may be packed in a telegram (‘2 ASDUs’)
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Station bus Client/Server – Signals from IED to Substation CC oder Control Center
GOOSE Signal exchange through network replacing hardwired signals
SMVs  Sampled analog signal replace hardwired measurements
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IEC 61869-1 as part of the IEC 61869 is applicable for all Instrument Transformers. Following 
additional standards are of importance for LPITs and Merging Units: 
• IEC 61869-9 describes the digital interface (process bus interface) that has to be implemented 
by Merging Units. The requirements of this substandard includes the communication interface 
that has to be implemented as per communication standard IEC 61850-9-2 
• IEC 61869-13 specifies implementation rules that are applicable for Standalone Merging Units 
interfacing conventional Instrument Transformer like 6MU85 having an IO20x mounted. In this 
substandard fulfillment of IEC 61869-9 is included. 
• IEC 61869-7 and IEC 61869-8 are applicable for the LPIT solutions for GIS with IO240 and AIS 
with IO245 (here only for the current LPIT); it specifies implementation of LPIT in combination 
with electronic processing logic. 
• IEC 61869-10 and IEC 61869-11 specify the implementation of passive (= no electronic 
components) Low Power Voltage and Currents sensors; these both standards are including the 
specification of the signal range of the LPITs; this implies, if arbitrary MUs and LPITs from 
different supplier fulfil these standards they can be combined. Such kind of passive LPIT 
solutions are often used in Medium Voltage Switchgears; also the RC divider solution for AIS as 
described above is in line with IEC 61869-11. 
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If the sampled values are not synchronized, the protection functions will be blocked to avoid 
maloperation  It is recommended using redundant master clock (possible with IEEE 
1588V2/PTP synchronization)!
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Instead of hardwired signals now a Process bus LAN provides the process image to the IEDs –
this has to happen in real-time and with highest reliability.
Hence the network must implement high requirements.
Suitable managed switches, which support PTP time synchronisation are required.
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• Process bus is nothing else the digitalization of process signals and transport to the 
processing devices by high performant and reliable network instead of copper cables

• First steps already done with MMS and GOOSE, now digitalization complete with digitalized 
measurements (SMVs)

• In combination with LPIT solutions (for GIS and AIS) in addition better measurement 
characteristics and smaller size of switchgears can be achieved
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• Combined and compact electronic voltage and current sensor (EVT/ECT) according to 
IEC/IEEE 

• Redundancy included 2 x CT coils and 1 VT (2 x VT planned for future)

• One LPIT type for protection and measurement in all feeders because of the wide dynamic 
range

• Higher performances in measurements and harmonics (no magnetic losses, and no ferro-
resonance effects)

• Improved safety: Danger of open CT circuits obsolete and minimized risk of internal arc

LPITs (previously NCIT /  Non-conventional Instrument Transformers) that replace conventional 
CTs (current transaformers) and VTs (voltage transformers), using new measurement principles 
and showing an improved measurement performance, namely avoiding ferro-resonance effects 
and covering a very wide measuring range (there is no ratio to be considered). If used in GIS 
switchgears, their size and weight are reduced significantly compared with conventional CTs and 
VTs.
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SIPROTEC 5 Busbar Protection can be combined with other protection & control functions!
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Standardized Protection Panels differ only in installed  devices
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Less complex schematics
Digital signals and logic replacing wires and analog logic
errors not to be corrected in drawings 

Standardized Protection Panels differ only in installed  devices
MU cabinet type independent of protection application
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Network, time synch, engineering is done once and can be copied
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Digital Interfaces allow new test approaches with reduced effort (no / reduced cabling)
• GOOSE signal injection from test tool by import of station description file SCD containing 

GOOSE details - instead of signal generation on BI
• SMV signal injection from test tool by import of station description file SCD containing SMV 

details - instead of secondary injection
• Outlook: Automatic test routines with tools which execute for example automatic interlocking 

tests by injecting all combinations of GOOSE contained in SCD
• Remote Testing possible
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PoW Point of Wave
AFD Arc flash protection
CTR Control
ETI External Trip Initiation
DISC Disconnector
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Acceptance of SMV with 4,0 / 4,8 / 12,8 / 15,36 kHz sampling frequency according to IEC 61869-
9
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Environmental Conditions for installation in the AIS field are given:
• Temperature range: -10° to +55 °C uninterrupted (IEC 60255-1) / -25 °to +85  °C for 16 

hours (IEC 60068-2-1/2)
• Humidity: ≤ 75 % relative humidity (on the annual average as per IEC 60068-2-30)
• Full overview in ‘SIPROTEC 5 Hardware - Manual‘ (www.siprotec5.com)
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Till now the protection function worked with conventional treatment of measurement values using
conventional instrument transformers.
With conventional wiring.
With process bus the analogue values are digitalized and transmitted to the protection devices.
Withthis approach the usage of date from one source for more than one device or system i. e. 
protection will be possible. 
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• Increase the bandwidth with additional Ethernet interfaces

• Efficient use of network bandwidth with customization of the analog values per SMV streams 
(not only IEC 61850-9-2LE data set)
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One physical network reduces network costs 

VLAN 1-4: CT, VT values for feeder protection

VLAN 5: Feeder CT values for busbar protection and fault recorder

VLAN 6: Bus VT for central fault recorder and feeder protection red text to notes
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• All tasks for MU, IEDs can be done in DIGSI5 with the known workflows.
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