PEA5016
Automacao de sistemas elétricos:
especificacao, projeto e implantacao



IEC 61850-/-2, IEC 61850-8-1, IEC 61850-9-2

7-2: Basic communication structure for substation and feeder
equipment — Abstract communication service interface (ACSI)

— Descricao das comunicagdes entre cliente e servidor

Acesso a dados de tempo real

Comandos

Registro e log de eventos

Mecanismo de publisher/subscriber

Transferéncia de arquivos

Auto-descricao dos IEDs, verificacao dos dados disponiveis

— Descricao das comunicacoes entre aplicacoes de IEDs (GSE),
usando o mecanismo de publisher/subscriber

— Descricao das comunicacoes para transmissao de sampled
values (SV), usando o mecanismo de publisher/subscriber



IEC 61850-7-2, IEC 61850-8-1, IEC 61850-9-2

e 8-1: Specific Communication Service Mapping (SCSM)
— Mappings to MMS (ISO 9506-1 and ISO 9506-2) and
to ISO/IEC 8802-3

— Cliente/servidor: MMS
— GOOSE: frames Ethernet, camada de enlance de dados

e Part 9-2: Specific Communication Service Mapping
(SCSM) — Sampled values over ISO/IEC 8802-3

— SV: frames Ethernet, camada de enlance de dados



Modelos de informacao, modelos de servicos de comunicacao (troca de informacao)

-

ACSI basic information models Information models
(IEC 61850-7-2) (IEC 61850-7-4)
(IEC 61850-7-3)

Information models
A

(1] Specializations Compatible
LOGICAL-NODE LOGICAL-NODE
- . Compatible

DATA }'

SETVICES

i
. Service models p
LNserviess S~ L ther than in LN and DATA~4—__ | ¥ s |

3 (for example DATA-SET,
Reporting, GOOSE)

AN

[ o4

[ o tbeel |
=i
-
- -r:\l"{-,
ﬂ'.

0 o A a '\-\.

Real device

ACSI| information exchange (IEC 61850-7-2)

Information exchange

Security, redundancia 4



Name SERVER

ObjectMName
ObjectReference

A I

Modelo de informacao
IEC 61850-7 em termos

1.*

LOGICAL-DEVICE

de diagrama de classes

T1
1.*

LOGICAL-NODE

DATA

1
1.*

DataAttribute

Security, redundancia



|EC 61850-7-2
Classes ACSI e seus
Servicos

SERWER model (Clause &)
GetServerDirectory

ASSOCIATION model (Clause 7}
Associate

Abort

Release

= )
GetlogicalDeviceDirectory

- 1 (Cl )
GetLogicalModeDirectory
GetAllDatavalues

DATA model (Clause 10)
GetDataValues

SetDatavalues
GetDataDirectory
GetDataDefinition

DATA-SET model (Clause 11)
GetDataSetValues
SetDataSet\Values
CreateDataSet

DeleteDataSet
GetDataSetDirectory

]
SetDataValues

GetDataValues

SETTING-GROUP-CONTROL-BLOCK model
|

SelectActiveSG

SelectEditsG

SetSGValues

ConfirmEditSGValues

GetSGValues

GetSGCBValues

BLOCK model {Clause 14)
BUFFERED-REPORT-CONTROL-BLOCK
Report
GatBRCBValues
SetBRCEValues
UNBUFFERED-REPORT-CONTROL-BLOCK::
Report
GetURCBValues
SetURCEValues

LOG-CONTROL-BLOCK madel:
GetLCBValues
SetLCBValues
QueryLogByTime
QuerylLogAfter
GetlogStatusValues

Generic substation event model -

GOOSE
SendGO0SEMessage
GetGoReferance
GetGOOSEElementMumber
GetGoCBValues
SetGoCBValues

GS5E
SendGS5EMessage
GetGsReferance
GetGSSEDataOffset
GetGsCBValues
SetGsCBValues

Transmission of sampled values mode|
| 1

MULTICAST-SAMPLE-VALUE-CONTROL-BLOCK:

SendMSVMessage

GetMSVCBValues

SetMSVCBValues
UNICAST-SAMPLE-VALUE-CONTROL-BLOCK:

SendUSVMessage

GetUSVCBValues
SetUSVCBValues

Control medel (Clause 17)
Select

SelectWithValue
Cancel

Operate
CommandTermination
TimeActivatedOperate

T ) " nizati . 18)
TimeSynchronization

FILE transfer model (Clause 20}

GetFile

SetFile

DeleteFile

GetFileAttributeValues

Security, redundancia




IEC 61850- 7-3 (modelos de dados)

e A partir de tipos basicos de dados (BasicTypes, ex. BOOLEAN,
INT8, FLOAT32, UNICODE STRING) sao construidos os “common
data atribute type”, que podem ser:

— PrimitiveComponents (ex.: f ou i, que representam o tipo Analogue Value)

AnalogueValue Type Definition
Attribute Name Attribute Type Value/Value Range M/0/C
/ INT32 integer value GC_1
f FLOAT32 floating point value GC 1

— CompositeComponents (ex.: Quality)

Quality Type Definition
Attribute Name Attribute Type Value/Value Range M/0O/C
PACKED LIST
validity CODED ENUM good | invalid | reserved | questionable M
detailQual PACKED LIST M
overflow BOOLEAN M
outOfRange BOOLEAN M
badReference BOOLEAN M
oscillatory BOOLEAN M
failure BOOLEAN M
oldData BOOLEAN M
inconsistent BOOLEAN M
inaccurate BOOLEAN M
source CODED ENUM process | substituted M
DEFAULT process
test BOOLEAN DEFAULT FALSE M
operatorBlocked BOOLEAN DEFAULT FALSE M




IEC 61850- 7-3 (modelos de dados)
e CDC=Common Data Classes, compostos de “common data atribute
type”:
— Ex.: CDC para a classe SPS (Single point status)

SPS class
Attribute Attribute Type FC TrgOp Value/Value Range mM/o/C
Name
DataMame Inherited from Data Class (see IEC 61850-7-2)
DataAttribute
status
stVal BOOLEAN ST dchg TRUE | FALSE M
q Quality ST qchg M
t TimeStamp ST M
substitution
subEna BOOLEAN SV PICS_SUBST
subVal BOOLEAN sV TRUE | FALSE PICS_SUBST
subQ Quality sV PICS SUBST
subID VISIBLE STRINGG64 sV PICS SUBST
configuration, description and extension
d VISIBLE STRING255 DC Text O
du UNICODE STRING255 DC O
cdcNs VISIBLE STRING255 EX AC_DLNDA_M
cdcName VISIBLE STRING255 EX AC_DLNDA_M
dataNs VISIBLE STRING255 EX AC_DLN_M
Services
As defined in Table 13

* Parte 7-2 também define as FC (functional constraints) que restringem, entre
outras, as operacoes de leitura e escrita. Ex.: ST (status) ndo pode ser escrito.



|EC 61850-7-2
Classes ACSI e seus
Servicos

SERWER model (Clause &)
GetServerDirectory

ASSOCIATION model (Clause 7}
Associate

Abort

Release

= )
GetlogicalDeviceDirectory

- 1 (Cl )
GetLogicalModeDirectory
GetAllDatavalues

DATA model (Clause 10)
GetDataValues

SetDatavalues
GetDataDirectory
GetDataDefinition

DATA-SET model (Clause 11)
GetDataSetValues
SetDataSet\Values
CreateDataSet

DeleteDataSet
GetDataSetDirectory

]
SetDataValues

GetDataValues

SETTING-GROUP-CONTROL-BLOCK model
|

SelectActiveSG

SelectEditsG

SetSGValues

ConfirmEditSGValues

GetSGValues

GetSGCBValues

BLOCK model {Clause 14)
BUFFERED-REPORT-CONTROL-BLOCK
Report
GatBRCBValues
SetBRCEValues
UNBUFFERED-REPORT-CONTROL-BLOCK::
Report
GetURCBValues
SetURCEValues

ﬁeneric substation event model —\
GSE (Clause 15)

LOG-CONTROL-BLOCK madel:
GetLCBValues
SetLCBValues
QueryLogByTime
QuerylLogAfter
GetlogStatusValues

GOOSE
SendGO0SEMessage
GetGoReferance
GetGOOSEElementMumber
GetGoCBValues
SetGoCBValues

GS5E
SendGS5EMessage
GetGsReferance
GetGSSEDataOffset

GetGsCBValues
SetGsCBValues

(Tni'f W |\

| 1

MULTICAST-SAMPLE-VALUE-CONTROL-BLOCK |

SendMSVMessage

GetMSVCBValues

SetMSVCBValues
UNICAST-SAMPLE-VALUE-CONTROL-BLOCK:

SendUSVMessage

GetUSVCBValues

\_ SetUSVCBValues J

Control medel (Clause 17)
Select

SelectWithValue
Cancel

Operate
CommandTermination
TimeActivatedOperate

T ) " nizati . 18)
TimeSynchronization

FILE transfer model (Clause 20}

GetFile

SetFile

DeleteFile

GetFileAttributeValues

Security, redundancia




GSE: Generic Substation Event class model

Distribuicao rapida e confiavel de dados

Envio da mesma informacao de forma simultanea para varios

|IEDs; multicast/broadcast

— GOOSE: Generic Object Oriented Substation Event: troca de dados de
diversos tipos organizados em DataSets

* Informacgao de que um determinado status se alterou e a informacgao do
instante em que isso ocorreu

— GSSE: informacdes binarias (mais simplificado, menos utilizado); utilizado
no padrao UCA, v2.

Para os dois modelos, as mensagens sao enviadas continuamente,
mesmo que nao haja alteracdes recentes, para que IEDs que foram
recém-iniciados possam se atualizar.



‘Subscriber

Modelo do GoCB (GOOSE Control Block)

ACSI

ACSI

_Publisher

DATA |—
cf-aftr [
GetDataValue.req de-attr
B NIRRT P SR — > >
GetDataValﬂe.rsp ) ) st-attr
L MemberOffset mx-attr
| Communication /' mx-attr
: ,I mapping Local issue mx-atr
Local issue \ | specific )’ FCD
— f - j DATA-SET / FCD
eception rans- FCDA
Pull req \ Buffer ..J- wemen] MiSSION | Member #1 /
' > Buffer ; Member #2
Pull.rsp < Publish.req ember
NewData.ind < Member #3
h
—
CommLoss.ind
Control GOOSE MemberReference
Buffer control { = Functionally
constrained DATA
SetGSEControlValue.req 2;:;:‘;‘:::3”3'
SR S A DATA-
SetGSEControlValue.rsp ATTRIBUTE)




Modelo do GsCB (GSSE Control Block)

ACSI

‘Subscriber

Local issue \
.\ﬂ
\

Pull.req

Reception
Buffer

F 3

Pull.rsp

F 3

NewData.ind

g —

Commloss.ind

SetGSEControlValue.reg

>

|
v

ACSI

/' SendGSSEMessage

mapping specific) f;'

Trans- v
Amission

Buffer

Control

Publish.req E
L

. DataOffset
/ Local issue

(Communication /

- =

Collection

Data #1; DL1
Data #2; DL2
Data #3; DL3

‘ e
» r
~ -
~ -
"-_v-"".-

Buffer

DU L S S
SetGSEControlValue.rsp

v

F 3

w

GSSE control

DatalLabel




Mensagem GOOSE definida na 7-2

(Nao solicitada e sem solicitacdao de confirmacao)

GOOSE message

Parameter name

Parameter type

Value/value range/explanation

DatSet ObjectReference Value from the instance of GoCB
AppID VISIBLE STRING65 Value from the instance of GoCB
GoCBRef ObjectReference Value from the instance of GoCB
T EntryTime

StNum INT32U

SqNum INT32V

Test BOOLEAN (TRUE) test | (FALSE) no-test
ConfRev INT32U Value from the instance of GoCB
NdsCom BOOLEAN Value from the instance of GoCB

GOOSEData [1..n]

Value

(*)

(*) type depends on the common data classes defined
in IEC 61850-7-3. The parameter shall be derived
from GOOSE control




Tempos de envio de mensagens GOOSE (8-1)

Time of transmission

1 k] LY

- rd I

O A B
- ’ ] [} I 1 ! -
- ’ 1 i I I \ e
L= - P ' \ .
- . " I \ N,
P -’ P 1 ‘». S
- o i 1 I ' 1 .
- P [ B 1 v ~
'.,.-’ "‘ 1 1 1 | ] \.‘
& - yvyy v | %
TO | (TO) |T1 |T1 | T2 | T3 | TO |
T | | >

| |
I event

retransmission in stable conditions (no event for a long time).

T0

(TO) retransmission in stable conditions may be shortened by an event.
T1 shortest retransmission time after the event.

T2, T3 retransmission times until achieving the stable conditions time.

14
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Descricao das informacdes da mensagem GOOSE em ASN.1
(Abstract Syntax Notation One)

IECGoosePdu ::= SEQUENCE {

gocbRef [0]  IMPLICIT VISIBLE-STRING,
timeAllowedtoLive  [1]  IMPLICIT INTEGER,

datSet [2]  IMPLICIT VISIBLE-STRING,

golD [3]  IMPLICIT VISIBLE-STRING OPTIONAL,
t [4]  IMPLICIT UtcTime.

stNum [5]  IMPLICIT INTEGER,

sqNum 6]  IMPLICIT INTEGER,

test [7]  IMPLICIT BOOLEAN DEFAULT FALSE,
confRev 8]  IMPLICIT INTEGER,

ndsCom [9]  IMPLICIT BOOLEAN DEFAULT FALSE,
numDatSetEntries  [10]  IMPLICIT INTEGER,

allData [11]  IMPLICIT SEQUENCE OF Data,
security [12] ANY OPTIONAL,

-- reserved for digital signature

}

Security, redundancia



Frame Ethernet

Ethertype GOOSE: 88-B8
Ethertype SV: 88-BA
APDU: Application
Protocol Data Unit

Octets

o~ N kWM = O

[ SC TR G T NG T NG T N TR N S U U S U G
oA wWN = OWmE~®U AN = o @

26

8|? |a |5 |4|3|2 |1

Preamble

Start of frame

Notes

—— Destination address e

Refer to “Address

Header Fields"™ section.
MAC | —
l— Source address —
Priority — TPID (see Figure C.2) | _Refer to "Priority
tagged Tagging/VirtualLAN
— TCI (see Table C.1) — section.
— Ethertype (see Table C.2) —
L th Start
end a— APPID ]
— Length (m + &) | Referto “Ethertype
and Other Header
— Reserved 1 — Information”
section.
— Reserved 2 —

AFDU (of length m)

— (Pad bytes if necessary) —

—— Frame check sequence —_




SV — Sampled Values, |IEC 61850-9-2

— Message Type 4 (Raw data)
* P1(10 ms), P2/P3 (3ms)

* Transmissao deve ser feita de forma que nao se percam as informacdes de
tempo e a sequéncia de valores

SAV class
Attribute Attribute Type FC TrgOp Value/Value Range M/OJ/C
Name
DataName Inherited from Data Class (see IEC 61850-7-2)
DataAttribute
measured attributes
instMag AnalogueValue MX M
q Quality MX qchg M
t TimeStamp MX O
configuration, description and extension
units Unit CF see Annex A O
sVC ScaledValueConfig CF AC_SCAVY
min AnalogueValue CF @]
max AnalogueValue CF @]
d VISIBLE STRING255 DC Text (@]
du UNICODE STRING255 DC (o]
cdcNs VISIBLE STRING255 EX AC_DLNDA_M
cdcName VISIBLE STRING255 EX AC_DLNDA_M
datalNs VISIBLE STRING255 EX AC_DLN_M
Services
As defined in Table 21




Modelo de transmissao de SV

Ciclica
ACSI ACSI
Subscriber Publisher
DATA:SAV [
cf-aftr -
GetDataValue.req de-attr
MX attr

GetDataValue.rsp
| Send3VMessage
," {Communication
Local issue \ | mapping specific) / Local issue
\ | )
\-., - - - ;; DATA-SET /FCDAE
\ eceplion f rans- 4 FCDA3
\ ¥ — ~ Member
Pull.req ¥ R Buffer e erererdpomer el cmemmmn] THSSION |
v Buffer Sample.req Member
Pull.rsp =
_ Member
NewData_ ind <
r Y
d—
CommLoss.ind Control | SvC ~ | MemberReference
Buffer N ( = Functionally
constraint DATA-
ATTRIBUTE)
SetSVCValue req

SetsSVCValue.rsp
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IEC 61850-9-2LE

* “Implementation Guideline for digital interface to
instrument transformers using IEC 61850-9-2":
(http://iec61850.ucaiug.org/Implementation%20Guid
elines/DiglF spec 9-2LE R2-1 040707-CB.pdf)

— Suporta apenas o servico SendMSVMessage

* Versao full: MMS viabiliza a configuracao dos blocos
de controle MSVCB/USVCB


http://iec61850.ucaiug.org/Implementation Guidelines/DigIF_spec_9-2LE_R2-1_040707-CB.pdf

Mensagem SV definida na 7-2

Sampled value format

Parameter name

Parameter type

Value/value range/explanation

MsvID or UsvID

VISIBLE STRING65

Value from the MSVCB or USVCB

OptFlds a Optional fields to be included in the SV message

DatSet ObjectReference Value from the MSVCB or USVCB

Sample [1..n]

Value (*) (*) The value of the member of the instance of the

DATA-SET. Type of the common data classes is SAV
(sampled analogue value) as defined in IEC 61850-7-3

SmpCnt INT1eU Sample counter

RefrTm EntryTime OPTIONAL; time of refresh activity

ConfRev INT32U Configuration revision number from the instance of
MSVCB or USVCB

SmpSynch BOOLEAN OPTIONAL; samples are synchronized by clock signals

SmpRate INT1i6U OPTIONAL; sample rate from the instance of MSVCB

or USVCB

4 The type and value of this parameter shall be derived from the attribute OptFlds of the respective USVCB or

MSVCB.




mesD

InnATCTRL.Amp.instMag.i

kb

InnATCTRLAmMp.q

| der | OpB [ Test [Source| DetailCual

Dietail Jual | walidity

TnnBTCTR2. Amp.instMag.i

Exemplo de informacao de SV

InnBTCTR2.Amp.q

InnCTCTRS. Amp.instMag.i

InnCTCTRS. Amp.q

InnNmTCTRS. Amp.instMag.i

InnNmTCTR4.Amp.q

UnnATVTRL Val.instMag.i

UnnATVTR1.Vol.g

UnnBTVTRZ. Vol.instMag.i

UnnBTVTRZ.Val.q

UnnCTVTRS Val.instMag.i

UnnCTVTR3.Vol.g

UnnNmTVTR4.Vol.instMag.i

UnnNmTVTR4.Val.g




Exemplo de arranjo convencional (sem SV)

busbar 1 y//a
a 400 kV
busbar 2 -

89-1

line protection

21L1
21L2

metering M

87 BM1
87 BM2

busbar protection

]
i :
| |
I 1 .
g 9 \ | 8g-2 station bus
‘ ' AN
1 1
| | |
521
: \ \
] 1
] 1
1
E . analog signals
: \ 893 | (e.g. 1A~, 100V~)
| I
e mmm e I §
CL:PS (} ---------------- L ___’g’/___ "
pae AN ] main
RS Qrommmmmoeees : i 7y | protection T
CLO2 (---==mmmmnn- .
1
CLPS ()--mmmmmmmmmmn L |
! ]
cLPS (Dr---------- R
(} i--_[__[__é/____ main 2 N
) cei-—i__fJ__| protection
i I 1
@ on |1
| o
R
...... [ R |
89-L N - L -~ power quality
) . /S measurement | 3
L J
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com SV

busbar 1 S
£
bushar 2 o 400KV station bus .
i (8-1 & 9-2 traffic)
|____ _______ -==1
89-1 i E 8g.0 process bus 1 \/X
I |
| = 'Y [ | main 1 B
: | E ! protection
| :
| (l 52 | e f?
| | b -] SAMU1 @ ¢
| | R 7
, [ [ busbar
i B | )
E v 89-3 i E i i protection1 —
1 | LI
I ]
line protection  L_—____ ] ______ ' i i i ||
[ 21L1  CLPS (------=--=---- ' | : —
I
21L2 CLIPS c} ------------ : : : main 2
metering M CLO2 (O------------- = E ! protection
. I o
87BM1 CL:PS ([F------------ :__:__ i
87BM2 CLPS (F---------- \ '._lr__L ______
'—---:---:--%--__ SAMU-2 & oh & btUS*:_arz -~
busbar protection C) r-f--{--- -—— protection
o ji
P
A
“““ :":'_::I__?j;____ power quality
. \ S measurement O -
89-L | SAMU-3
] 1

SAMU: Stand alone merging unit

process bus 2

Security, redundancia
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ineX A Ya station bus

U/l sensors  Ugs @ _@ ": digital, not standard [ ]
]
busbar 1 - - i COOSE traft
raffic
| sensors las () la C) "": E analog (binary)
T
]
switch control X \ ; : | ?
- IED
e (D [nem F-f------, L_tes oI g P&C  p—na
o o o o o oy
| sensors
1
actor \?. R . i 9-2 traffic
= O [t
| sensors ]
o PEER T
I
I 1
switch control \" i i D
| sensors lea () ey C) “"' i Fa
1
bushar 2 g - i
1
U/l sensors  Ycs @ —@ --' ||
iney ¥ ug, PIA: Process Interface (Analog)

PIB: Process Interface (Binary)
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UM:

MU

]

process bus

MU

merging unit

Security, redundancia
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station [evel

station bus

bay level

process level

Station bus, process bus

control center

I

SCADA engineering T
S
4
- gateway
- firewall
-
F i L |
horizontal traffic | (8-1 GOOSE) E
=
L I
{9-2 3V)
+ IED - _+ IED IED IED
w =
2 £
= § IED B + IED IED IED
3]
B B g
E + IED _+ IED IED IED
F'Y ¥ FY YTy F Yy Y'Y
process bus
—— —— —— ——
PlA PIO PlA Pl
s s s A k. N r
l | | primary equipment | | | |
bay bay bay bay bay
26
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Sincronismo de tempo

* Referéncias de tempo
* Requisitos de sincronismo
* Protocolos



Referéncias de tempo

* Reldgio elétrico Telechron, patenteado por Henry
Warren em 1917

— Referéncia de tempo era a
frequéncia da rede
(60 Hz nos Estados Unidos)
— Antes dos reldgios de quartzo
(década de 1970)
—Warren Clock Company foi
adquirida pela GE em 1943

* GPS (Global Positioning System)
— https://www.gps.gov/applications/timing/

Security, redundancia 28


https://www.gps.gov/applications/timing/

https://www.gps.gov/multimedia/poster/poster-web.pdf

/
/

/

/

/

GPS sate‘f‘lites broadcast radio signals providing
their locations, status, and precise time {t.}
from on-board atomic clocks. *

{c} e

The GPS radio signals travel through space at the
speed of light {c}, more than 299,792 km/second.

u A GPS device receives the radio signals,
noting their exact time of arrival {t }, and
uses these to calculate its distance from
each satellite in view.

The GPS Master Control Station tracks the
“ satellites via a global monitoring network
and manages their health on a daily basis. "

Ground antennas around the world
send data updates and operational *
commands to the satellites: .

IS A CONSTELLATION
OF 24 OR MORE
SATELLITES FLYING
20,350 KM ABOVE THE
SURFACE OF THE EARTH.
EACH ONE CIRCLES THE

Yi

Once a GPS device knows its distance from at least
four satellites, it can use geometry to'determine
its location on Earth in‘three dimensions.

To calculate its distance from a satellite, a GPS
device applies this formula to the satellite’s signal:
distance = rate x time

where rate is (C} and time is how long the signal
traveled through space.

The signal’s travel time is the difference
between the time broadcast by the satellite {t,}
and the time the signal is received {tz}.

The Air Force launches new satellites to rey.:ulace
aging ones when needed. The new satellites offer
- upgraded accuracy and reliability.

How does GPS help farmers? Learn more about the
Global Positioning System and its many applications at

A —
WWW.GPS.GOV

Security, redundancia




Sincronismo de tempo

Classes de sincronizacao, definidas na norma IEC 61850-5
— TL(“low”): >+ 10 ms
— Correspondente a um angulo > 180 graus em 60 Hz
— T0: £ 10 ms
— T1: £ 1 ms (SOE)
— T2:+ 100 ps (deteccao de passagem pelo zero, fechamento controlado de
disjuntores)
— T3:+ 25 ps (protecao)
e Correspondente a um angulo de 0,54 grau em 60 Hz
— T4: + 4 ps (protecao)
* Marcagao de tempo de valores amostrados
— T5:+ 1 ps (protecao)
* Marcacgao de tempo com alta precisao
Alguns protocolos:
— 1PPS
— IRIG-B
— SNTP
— PTP



1PPS: 1 pulso por segundo

90 % —
10 % / \ / \
y, . ’! [ \
h

—.. 1—
50 ns

Fonte: IEC 61850-90-4

* Apenas indica o instante de “virada” do segundo
 61850-9-2LE considera que o 1PPS tem acuracia T4 (x 4 us), e
sugere a sua utilizacao para sincronizacao de merging units.



IRIG-B

Inter-Range Instrumentation Group do exército
norte-americano

Sinal modulado (portadora de 1kHz) ou nao
(pulsos, DC level shift)

100 PPS, 100 bits por segundo, dos quais 74 sao
utilizados para codificar as informacoes de data,
hora e qualidade

Conexodes: cabo coaxial, par trancado, cabo serial,
fibra otica...



Fonte: http://www.irigb.com/pdf/wp-irig-200-04.pdf

A 80% 20% 50%

BOOO ] LT | [ 1 1 1
REFERENCE REFERENCE IRIG ZERO IRIG ONE

IRIG-B

E120

T kHz MUV UUUUUUvUruvvuvUrirvivvr Ui Uiy

MODIFIED MANCHESTER

0111111110011111111001100000000117111000001100
BIT PATTERN FOR MOOIFIED MANCHESTER

(source: IRIG Standard 200-04)

IRIG-B coding comparisons: DC level shift (unmodulated), 1kHz amplitude-modulated, and Modified Manchester
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TIME FRAME 1 SECOND
INDEX COUNT 0.01 SECONDS

—_

0 10 20 30 40 S0
AR N
lt—0ON TIME
je——REF. MARKER
_-‘I—SECDNDS \ MINUTES \  / HOURS \ ;' DAYS \
i 2 4 8 10 20 40 2 4 8 i0 20 40 1 2 4 8 i0 20 10 20 40 80 100 200

2 4 8
PO N pamNT A P2 PS
— Sns 0,01 SECOND
BINARY 10 BINARY 1" CTYPICAL)

(TYPICALY CTYPICAL>

|
S0 60 70 80 90 0
I I I ) I )
(TIME OF DAY}
YEARS \ / CONTROL FUNCTIONS \ STRAIGHT nle‘r SECONDS ¢17- blts) ———————
1 2 48 10 20 40 80 "z‘ 22 29 g 29 26 o7 27 pl0 pll pl2 513 514 515,16

PS Fé P7 \_ P8 ) PO
Time at this point e
- '_%PIHJIDENTIHER %3'(2:;:, (Eaioél?.rs,wi.hrtes, 42,750 Seconds
L IRIG STANDARD TIME CODE
Jl' TYPICAL MODULATED CARRIER T
Recommended Frequency 1000 Hz FORMAT ‘B
33X X (100 pps code)

Fonte http://www.irigh.com/pdf/wp-irig-200-04.pdf e G Standard 200-04)

IRIG-B BCD time-of-year (in days, hours, minutes, seconds) and year and straight binary seconds-of-day and control bits




NTP: Network Time Protocol

Topologia hierarquica, estrato O = referéncia de tempo

Estrato O fornece a informacao de tempo para o estrato 1, e assim por diante, até
o 15.

Usa métodos matematicos para maior precisao na informacao de tempo e ajuste
do reldgio

SNTP: métodos e ajustes mais simplificados

Fonte: https://ntp.br/ntp.php



SNTP: Simple Network Time Protogol

XD

——

A,
client EI]—EI network I:I—EEI serve

iy time request
Iz
‘_,_._-—-—'—‘_'_—- @
I3

time

* Precisaode 1 ms

Cliente pede as horas ao
servidor; servidor
responde

Cliente registra o instante
de pergunta (t1) e o
instante de recebimento
da resposta (t4)

Servidor informa o £
instante do recebimento

network delay l

~ Ve e
D+

e
——

—_—
time response

et
——

I

——
——

|\
l

time request

da pergunta (t2) eo

T

T

's

instante de envio da time response ~7
resposta (t3) network delay & { £, < L
Fonte: IEC 61850-90-4 distance
e (Calculo do atraso na rede: (t4 _tl) — (t3 _tz)
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PTP: Precision Time Protocol, IEEE 1588/ IEC 61588

* Protocolo distribuido
* Permite acuracias< 1 ns

* Grandmaster clock: fonte “primaria” para o sincronismo da rede

Boundary clock-1 Boundary clock-2
1 2 3 1 2 3
S M M S M M
1 2 3 4 5
Ord’;)rlary 5 e =
Ordinary Ordinary Ordinary
clock-1
(grandmaster) clock-2 clock-3 clock-4
M= master Ordinary clock = tem apenas uma porta para PTP

S=slave Boundary port = multiplas portas PTP



* Tipos de clock de acordo com o PTP:

— Ordinary (apenas uma porta PTP). Se for um mestre, so
sincroniza um escravo

— Boundary clock (varias portas PTP). Em uma das portas, pode
ser escravo. Pode ser o mestre de varios escravos

— Transparent clock. Mede o tempo de transito da mensagem
PTP, para ser usado em mecanismos de correcao
* End-to-end transparent clock
* Peer-to-peer transparent clock

— Management node



Possiveis estados
das portas:
M=master
S=slave

P= passive, nao é
master nem slave

Algoritmo de
decisao sobre o
estado das portas
dependendo da
qualidade do
relégio, sua
prioridade em
uma lista e na
comparacao da
distancia entre os
possiveis mestres

/ Grandmaster clock
clock-1

Ordinary

clochk-3

Boundary
clock-3

Ordinary
clock-8
S

Boundary
clock-6

T

Ordinary
clock-B

Ordinary Ordinary
clock-2
M ]
g M M
M Boundary M Boundary
clock-1 clock-2
M
Ordinary Ordinary
clock-4 clock-5
5 ]
M 5 M
M Boundary M Boundary
clock-4 clock-5
M
Ordinary Ordinary
clock-7 clock-8
] s
M 3 M
M Boundary ML Boundary
clock-7 clock-8
M

Security, redundancia

Boundary
clock-8

o
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Outros dispositivos: transparent clocks e management node

Boundary clock-1

Ordinary clock-1

Ordinary clock-1-1

Grandmaster clock

Ordinary clock-2-1

Ordinary clock-1-2

Ordinary clock-2-2

Transparent clocks encaminham as J/

mensagens PTP, medindo o tempo
e incluindo as informacdes em
mensagens PTP para correcdes de S

tempo

Ordinary clock-1-n

B Cyclic path
End-to-end End-to-end
transparent clock- transparent clock-
1-1 2-1

T 1 i
|
|: —_ —_—

End-to-end End-to-end
transparent clock- transparent clock-
1-2 2-2

-
,/]/ ..a"'f
I
End-to-end End-to-end
transparent clock- transparent clock-
1-n 2-n

Ordinary clock-2-n

Security, redundancia
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/ Grandmaster clock

F

Ordinary clock-1-1

Ordinary clock-1-2

Ordinary clock-1-n

Peer-to-peer Peer-to-peer Peer-to-peer
A transparent clock- B transparent clock- ;\ . \ﬁ transparent clock-
1-1 2-1 m-1
cC G
Peer-to-peer Peer-to-peer Pear-to-peer
—D— transparent clock- E transparent clock- —\\ \ﬁ transparent clock-
1-2 2-2 m-2
|
F
Peer-to-peer Peer-to-peer Peer-to-peer
transparent clock- transparent clock- ;\- . -\ﬁ transparent clock-
1-n 2-n m=n
Security, redundancia 41



