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ABSTRACT

This doement describeghe utilization of the non-
conventional measurements and advanced features of
IEC 61850standard 6r substation automation systems
especially how sampled value samy according
standardpart 9-2 can be usedbetween IED$n medium
voltage substation to improvehe reliability and
functionality of the system. Calculated results indicate
improvemets on availability, performance anéliability

with the seleced application example, busbar voltage
sharing.

INTRODUCTION

With the introduction of the IEC 6185Gtandard,
substations hav been moving into a new era of
communication. All manufacturers can adapt their
products to the same communication model and protocol,
enabling the | EDs of dwith f e
each ot h eopebaterth ehchtothen. s

The IEC 61850 standard defines ththernettechnology
for substation automi@n communication It also
includes the related systemequirements and thdata
model of the protection and controfunctions. The
standardized data modeling of substation fuomi
including the communication interfaces pave the way to
opemessand nteroperability of devices. EhIEC 61850
standard includesseltdescribing intelligentelectronic
devices (IEDs) and XMibasedSubstation Configuration
Language (SCL) hich allows sgtem engineering od
multi-vendor system

The IEC 61850 standard includéise GOOSE serice in

the 81 profile for reattime communication between the
IEDs. Additionally, the standard includds the 92
profile the communication betweenmeasurement
appaatus and IEDs These profiles enable designing
substation communication for  mediumvoltage
switchgearin a novel and flexible way to make the IED
process data available to all other IEDs in the local
network in a reatime manner.

USING IEC 618508-1 AND 9-2

The principle architecture ahe IEC 61850 substation
automationis divided into three levelas inthefollowing
figure. SCADA system interface and substation controller
reside in the station level. Ithis leve| the operator
monitorsthe system ad operates thepower network
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Figure 1 Basic structure of communication levels

Process

Protection and control IEDs are on the bay levdd bay
level IEDs usethe samelEC 61850station busit is
possible to replace the traditiortzy-to-bay signalwires
with station bus using horizontal communication. Tqday
IEC 61850 GOOSE is useidcreasindy in substations

e.§. fort trippihg, Thitro&ihd ofblo&ihgtypel o sighals.@ | K

The GOOSE service offers several advantages, for
example reducedcosts in the switchgeardesign
functional flexibility and improved performangg].

Process interfaces to higloltage apparatus are on the
process level. Besides the conventional signal wiring
between theprocess interface and IEDs, IEC 61850
introduces a concept whereprocess signalscan be
exchanged in process bussing local area network
(LAN). Thisreduces the wiring between process interface
and IEDsby usingsimple Ethernetcable instead o set

of galvanic wires.It also gives flexibility toapplication
and installation as the signals can be shared over LAN
between allthe devices connected to thesame bus
Changes in application damot necessarily require
physical rewiring which increases operatiahsafety and
decreasemodification time.

This paper introducesa method with example and
availability analysishow to combinestation and process
buses together to common bus This has benefits
especially in mediunavoltage switchgeawhere primary
equipment is close to protection and control 1E2]s

MEDIUM -VOLTAGE APPLICATION

The power system networkeday are becomingnore
interconnectedo each other, from simple radiaétwork
type to meshedetworks This also affects the aped
protection and selectivity schemes, which are moving
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from simpler nondirectional functions towards
directionalfunctions witha higher selectivity. Protection
functions usedin application focus on protection
requiring voltage measurementsas basic vitage
protection andin the directional overcurrenprotection
and earthfault protection, plus within incoming feeders
synchrocheck fosynchronization of the voltages

The selectedapplicationis applied tomediumvoltage
switchgeayr e.g. type ABB dJniGear ZS1,in single

busbar arrangementThe witchgear has 20 feedes

divided into 2 sections with bus coupler(BC) anda bus

riser (BR. There areone incoming feeder(INC) and
eight outgoing feeders (OUTper section As measuring
devicesfor curreris and voltagesve will considerboth

conventional instrumenttransformers (IT) and ron

conwentional instrument transformers (NCIT)

Whenusing ITs, voltageinstrument transformefVT) is
locatedin theincoming feedes on the cable side anthe
busbar voltage is measurgdany of theoutgoing feedex
The sharing of the voltage ié switchgeais done by
wiring signal from busbar toutgoing feeders

Figure 2 Switchgear with conventionalmeasurement

When consideing the usage ofNCITs (also called as
sensors)with IEC 618509-2 in the same switchgear
arrangement the design of switchgear is impred
Sensors arsafer,simpler, lighterand easilyconnectable
to the IED This hasa significanteffect on he design of
the switchgeare.g.the measuring cubicle inot required
any more. The signal frorthe sensor is routed to one
IED, and sharing of theoltages can be done easily via
LAN. In this way different IEDs connected to the
network can easily acceasailable voltage measurement
information if theyrequireit. The interconnection wiring
in switchgearbecoms simplified as lesgegular galvanic
wires are needed
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Figure 3 Switchgearwith NCIT measurement

Voltage measrementsshared vidLAN areusedin IEDs
for protection purposes. Withe usage of NCITs and-9,
IED hardware caibe simplified aslEDs do notrequire so
many analog inputdt is also possibléo have several
voltage signal sources from different placesin the
switchgearfor high-availability backup schemes. Tése
arenot easily doable with conventional VTs, where more
physical sets of VTs anddditionalauxiliary equipment
(e.g. terminal blocks, auxiliary relays etaje needed
The exampleapplicationcan hae two 92 sourcesper
section for redundancyone from busbar sideand the
other, baclup from incoming feeder side. By using
NCITs, the protectionschemes remaithe same, but
digitalization brings benefitswhile utilizing samesignabk
in different places of switchgeawer LAN.

ETHERNET REDUNDANCY

IEC 61850 specifies a network redundarschemethat
improves the system availability for substation
communication It is based on two complementary
protocols defined in the IEC 62439 stamlard: parallel
redundancy protocol (PRP) and highailability seamless
redundancy (HSR) protocolThey rely both on the
duplication of all transmitted informationvia two
Ethernet ports for one logical network connection.
Therefore both are able t@vercomethe failure of a link
or switch with zereswitchover timethus fulfilling all the
stringentreakttime requirements of substation automation

In PRP each node is attached to two indegent
networks operated in parallel. The networks are
completely separated to ensure failure independence and
can have different topologies. Both networks operate in
parallel, thus providing zertme recovery and the
continuous checking of redundancy to avoid failures



