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Intro to IEC-61850

» Conventional vs 61850 Installation
o Reduction of copper connections
o Improved visibility of asset monitoring
o Simplifies the addition of new devices

» |[EC-61850 Standard Protocols
o MMS

o Sampled Values

o GOOSE

Control Enclosure Substation Yard

Subscribing Relay Merging Unit i
|

Protection System Breaker




\
BURNS N‘ISDONNELL.

Conventional Protection Applications




Conventional Protection System

> Over 2 decades of digitizing measured analog signals for @ —] [+ +
y

Relay Rela

line protection @@iﬁa@ Communications Channel »@@i@@@@
TLG STLZ @-@

> Practically this is comparable to Sampled Values
functionality

> Over 2 decades of TX/RX input and output status’ over a communication channel

> SEL-2505 replaces 32 wires with two fiber optical fibers

> Practically this is comparable to GOOSE functionality

Control Enclosure Substation Yard Control Enclosure Substation Yard
Flber Fber
SEL-2505 i | seL-2505 SEL-351 SEL-2505
Status 3"?5"9" Protection System “Breaker

Panel
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Digital Secondary Applications




Copper vs. Fiber Cables

» 340 #10 copper wires
» 4 -12 strand fiber bundles
»  Opportunity to reduce copper and trench size

> Minimize terminations in the control house




Implementation
Pathways

GOOSE Only

Full 61850 (GOOSE + SV)

> BURNS
N\.MEDONNELL.




IEC-61850 GOOSE Solution

» Install (1) cabinet with (2) I/O devices + test
Digital Inputs/Outputs Digital Inputs/Outputs

switches (per breaker) in the substation yard I

-+ SEL-2440

»  Maintain conventional CT/PT copper

L abessap 35009

connections
52 SEL-9510
O

\",/' 7

»  Maintain conventional relay part numbers for

[EDs in the control house

]— abessal 35009

»  Simplifies the addition of new devices

»  Potential savings in material and labor
Substation Yard




IEC-61850 GOOSE Solution
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Full IEC-61850 Solution

Station Bus LAN
O ==- g ~J
SV Relays Cmm CEm
SEL-421 e —Jo | SEL-451 SEL-487E SEL-411L

Process Bus LAN

Communications

SEL-2488

SV Merging Units

=] = . “"E’

SEL-401 SEL-421 SEL-451

SEL-487E




Centralized Protection and Control Solution

1
SEL-9524
GNSS Antenna
_1
1 i
1

GPS Clock

|
Software-Defined I :
Network Switch




IEC-61850 GOOSE + SV Solution

> Install (1) cabinet with (2) merging units + test switches (per breaker) in the

substation yard

> Both analogs (CT/VT) and digital signals are transmitted over a fiber network

and received by the subscribing relay

Merging Unit Cabinet




SV Publisher Vs. SV Subscriber
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Full vs Partial Implementation =

» Full [IEC-61850 Implementation (SV + GOOSE):

o Utilization of Sampled Values via Merging Unit
con neCtIonS Substation Yard

Control House

» Partial IEC-61850 Implementation:

o Reduction of hardwired contacts between IEDs

o CT and PT connections to the relays remain as hardwired | |
connections | B | Vi ~“Analog &
o Leverage partial benefits of digital secondary substation Digital Inputs/Outputs Digital Inputs/Outputs

abessay 35009

L abessapy 35009

Substation Yard
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Utility Implementation Examples




Full 61850 Solution

Topography
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Full 61850 Solution

Design Benefits

»  Moved breaker failure and reclosing to line relays

»  Allowed for each relay to be programmed similarly for improved

standardization

»  4-Breaker ring bus design reduced 8 panels down to 2 panels

» Removed control switches and lockout relays




Conventional vs. IEC-61850-based Panel
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Configuring IEC-61850 GOOSE & SV



onventional Overcurrent Application

Time Overcurrent Element 1
BUs
E . e v TR :=51S1T OR 51S2T OR ...
-3 | ImaxL
B
J 5151P 5151 Overcurrent Pidkup (A,sec)
aF 5.00 Range = 0.25 to 16.00 OUT101 :=T3P1
J 5151C 5151 Inverse-Time Overcurrent Curve
movy |u3 « | Select: U1, U2, U3, U4, US, C1, €2, C3, C4, €5
| AfANAeNGAR
— ‘ll 5151TD 5151 Inverse-Time Overcurrent Time Dial
1.00 Range = 0.50 to 15.00
il ) i i  TpCall gt
= oL o) L S aT Ha = (-} Trip 5151RS 5151 Inverse-Time Overcurrent EM Reset
, T ST i ——————————
VoY VBY Y i Cireuit i | select: ¥, N
Close ol pregper |
L -)}""W ouTi0e L Gl C] st S1SITC 5151 Torque Control (SELogic)
L4
1
Lock Out  Breaker =
L %nw ouTios L ® e ".f.”.l“‘“
o ] i Time Overcurrent Element 2
E’ : $Cw 51520 5152 Operating Quantity
- L Ao (3100 v
ouT108 L
Cireult T a ﬁ:‘;':‘f‘;gfg 'E-Ial::b :
Breaker |52 | = g 5152P 5152 Overcurrent Pidkup (A, sec)
£ SEAsL Ry L 150 Range = 0.25 to 16.00
E| fomecoead w10l EA'it”BmaherSulusl
= 3@1 5241 5152C 5152 Inverse-Time Overcurrent Curve
H — () Breaker [ Select: U1, U2, U3, U4, US, C1, C2, C3, C4, C5
5 mozf |- 4 Failure Lock Out (u3
e BFLO
- " 51SZTD 5152 Inverse-Time Overcurrent Time Dial
1POL| ) 1007 Range = 0.50 to 15.00
0 2)
%mx Fower t 11’ OWEL, 5152RS 5152 Inverse-Time Overcurrent EM Reset
| Select: Y, N
Vet {-)Monitor Vdel (N ’
{+)(Station Battery)
5152TC 5152 Torque Control (SELogic)
— Moniter Vde2
Vdea (Trip Circuim, PLT01 #GROUND ENABLED i
g ) Comms)




Overcurrent Application using IEC-61850

Substation Yard




Relay Configuration

Table 10.16 Logical Device: PRO (Protection)

Logical Node | Attribute Data Source Comment
BKRIPTRC2 | Tr.general T3PI1 Three-Pole-Trip Circuit Breaker

i, AcSELerator Architect®*
File Edit Tools Help

=@ Overcurrent Application GOOSE Receive
WD FeederRelay451
A ED = Category
¥ Jnit401
|11 MergingUnit40 ool Bladk. @
intAddr Source data item Supervision node
LD IN DO DA b RA
FeederRelay451/CFG/LLNO/GPub 1. PRO,BKR IPTRC2.Tr. general CFG.Sub1Bay1LGOS1
VB002
iﬂ AcSELerator Architect®* — o X

File Edit Tools Help

= OVer:urrentApphcotlon SV Receive
[ !!] FeederRela /O
ED = Categor: -
L1} MergmgUmMOW = tegory 7 )
intAddr ¥ Source data item 7 Supervision node desc
o N bo DA 4 Currents
b1 b Merondtial '__
MergingUnit40 1/CFG/LLNO/MSVCBO1.MUO 1. IBWTCTR 2. AmpSv.i... CFG.LSVS1
cw MergingUnit40 1/CFG/LLNO/MSVCB0 1.MUO 1, ICWTCTR 3. AmpSv.i... CFG.LSVS1 cw
1A% TAX
IBX IBX
(= X
4 Voltages
VAY MergingUnit401/CFG/LLNO/MSVCBO01.MUD 1, VAYTVTR 1.VolSv.ins... CFG.LSVS1 VAY
VBY MergingUnit401/CFG/LLNO/MSVCB01.MUO 1. VBYTVTR2.VolSv.ins... CFG.LSVS1 vBY
VCY MergingUnit40 1/CFGLLNO/MSVCB01.MUO 1, VCYTVTR 3. VolSv.ins... CFG.LSVS1 vCY
VAZ VAZ
VBZ VBZ
vCzZ vcz




Merging Unit Configuration

i, AcSELerator Architect®*
File Edit Tools Help

=@ Overcurrent Application GOOSE Receive
WD FeederRelay451
ED a Category &
— Controlblock =
intAddr Source data item Supervision node
LD N Do DA b RA

(Vo001 Feedermelay 5\ CPGANO/GPUb0L PRO SKRIFTRCS T genrs

VB002
AcSELerator Architect® rcurrent Application Example.scd e
File Edit Tools Help [N
Project Editor
- Overcurrent Application SV Transmit
WD FeederRelay451 Name Dataset Description I Interface SubNetwork Destination Multicast MAC Address. APPID VLANID
o [EFTPTCTR |- vsvceo: Phsieast MergingUnit401CFG [ woz 01-0C-CD-04-00-00 4000 001
i SV Transmit (Edit) = X
v Messege Nome frame) Dataset Information X
G MSVCBO1
Descrption (desc) flane
Description SV Publication - IW, VY
SVID (smviD) |
4000 | Constraint Ttem

MUDLIAWTCTR LAMDSV.q &
MUOLIBWTCTR2. AmpSv.instiag.i =l
MUOLIBWTCTR2 AmpSv.q
MUOLICWTCTR3.AmpSv.instiag.i
MUOLICWTCTR3. AmpSv.q
MUOLINWTCTR4. AmpSv.insthag.i
MUOLINWTCTR4. AmpSv.q
MUOLVAYTVIR L.VolSv.instMag.i
MUDLVAYTVIR LVolSv.q
MUDLVBYTVTR2.VolSv.instHag.i

| [CFGLLNOPhsMeast MUOLVBYTVIR2.VolSv.q

New... Edit... Delete MUOLVCYTVIR3.VolSv.instMag.i i
Properties | GOOSE Receive | GOOSE Transmit | SV Transmit e —

ED Palette |

Corfiguration Revision (corfRev) &
1

Dataset (datSet)
SV Publication - IW, VY

X
X
X
mx
X
mx
Mx
MX
Mx
X
mx
X




System Architecture - GOOSE Transmission
Strategy

MAXIMUM MAXIMUM
REPETITION - - ~ REPETITION
INTERVAL

INTERVAL

<

>

Element Change
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Application Example - GOOSE



Real World Problem

» Distribution System

o Growing number of “double/triple-circuit poles"
applications

o Introduces complexity in addressing protection
schemes

» Multi-circuit Faults

o Frequency of occurrences increased due to multi-
circuit framing

o Resulting in miscoordination when using conventional
practices

o Greatly increases outages and complexity of
identifying the issue




Conventional Hardwired Solution

CROSS INTERLOCK
FROM ANOTHER [TTNT05
CIRCUIT

CROSS INTERLOCK

PCT13
1
PCndTmr
S n
[0 > PU
bl

CROSSINTERLOCKTO
ANOTHER CIRCUIT

{ OuUT108 |—
QuUT106

ouT107

QuUT108

(+) DC

ouT105

0OUT106 OouT107 ouT108

(-) DC

Per Feeder Relay Connections



Project Scope

» Maintain existing hardware and hardwired connections
» Implement the cross-interlock scheme using communications

» Implement a reclosing staggering scheme

Ethernet Switch

““““““““““““““““““““““

=] =] =) =]

e Jo e jo o __Jo | = l:l e Jo | e )
e _jo | (EE N e jo | e fo | ®
e _jo | © o | e _Jo | o _lo | e |
SEL-451 o __Jo | SEL-451 ® o | SEL-451 e __Jo | SEL-451 o _Jo | SEL-451 ® |




Designed IEC-61850 Solution

» Cross-logic Scheme

» Fault Current Comparison System

» Staggered Reclosing VAVAVAR:
L-Breaker -
RX GOOSE - xggg; 4500 A
R N TeR ook [VB003 PavoT L. {TRIP>
VE0o4 CROSS INTERLOCK BUS v

PCT13
e L 2550 A cktX CktY 1950 A
= Q
Do

TX GOOSE-
TRANSMIT CROSS
INTERLOCK




Fault Current Comparison System

[[LIBFIM GE
FILTERED INSTANT CURRENT - : PSV15 @-
MAGNITUDE PER PHASE —SariM_) - ,‘:D A-PHASE MAXIMUM PHASE CURRENT
[Tcrm
H#MAXIMUM PHASE CURRENT

PSV15 := LIAFIM >= LIBFIM AND LIAFIM > LICFIM
PSV16 := LIBFIM >= LICFIM AND LIBFIM > LIAFIM
PSV17 := LICFIM >= LIAFIM AND LICFIM > LIBFIM

PMVO01 := CTRW * (PSV15 * LIAFIM + PSV16 * LIBFIM + PSV17 * LICFIM + (NOT PSV15) *
(NOT PSV16) * (NOT PSV17) * LIAFIM) # MAXIMUM PHASE CURRENT, AMPS PRIMARY

RAOO01 := PMVO1
This value is then received at each adjacent feeder relay as RAOOn (n =1, 2, 3, 4).




Staggered Reclosing

Feeder Cross Interlock Signal

\ PCT19 PCT21
—————{"1] —[F]
PCndTmr —PSvoT 10 ———
_FSVM_@ IN PCTT9Q IN Q .ﬂﬂ-_
) 2.000000 PU “ 9500000 e TRANSMIT DATASET OSCILLATOR
2.000000 CONPARATORDELAY DO 0.500000 DO

Comparator Delay —_,

Reclosing Shot Counter \;
GT
Max Phase Current — Feeder 1 —p[RAGOT »— m}—D

~ Feeder 1 Cross Interlock Signal

GT

PCT20 PLT20

PCndTmr

STALL RECLOSING DELAY TIMER g]b,
0.000000

Max Phase Current
— Feeder 5

THREE-POLE OPEN INTERVAL SUPERVISION

GT

GT
RA004 VB004




Configured IED Description (CID)

IED Data ltems

Dragn-drop or right-click on a data item
to add t to the dataset on the right.

FC (Functional Constraint)
ST (Status Information) N

= "_11CB11_R323 ST Data ltems
m CFG
m PRO
-m MET
@ CON
~m ANN

-
&

3]

@

VBOO1 _11CB21_R323/CFG/LLNO/GPub0 1. ANN ,PSVGGIO1.Ind 13.stval
vBO02 _11CB31_R323/CFGLLNO/GPub0 1. ANN.PSVGGIO 1.Ind 13.stVal
VBOO3 _11CB41_R323/CFG/LLNO/GPub0 1. ANN.PSYGGIO 1.Ind 13.stVal

Source data item

r_11CB21_R323/CFG/LLNO/GPub0 1.ANN.RAOGGIO1.Rao0 instMag. f
[_11CB31_R323/CFGALNO/GPub01.ANN.RAOGGIO 1.Ra00 LinstMag. f
I_11CB41_R323/CFG/LLNO/GPub0 1. ANN.RAOGGIO 1.Ra00 LinstMag. f
I_11CB51_R323/CFG/LLNO/GPub0 1.ANN.RAOGGIO 1.Ra00 LinstMag. f

Source data item

Dataset

Drag-n-drop or rightclick on a data item to reamange.
Click column headers to sort.

GOOSE Capacity: 23 of 1267bytes
Data Aftributes: 3 of 200

FG Item

» B : ANN.RAOGGIO1,Rao0 1.instMag. f
BSsT ANN.PSVGGIO1.Ind13.stval
BsT ANN.PSVGGIO1.Ind21.stval

— Receive

VBOD4 _ _ _11CB51 R323/CFG/LLNO/GPub01.ANN.PSVGGIO1.Ind13.stVal

— Transmit
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Lab Testing and Verification

A

» Fault Current Injection

» Event Reports

=k \
—
H
AV

» SEL Synchrowave Analysis

LT
LLL TR




Fault Current Injection Testin

Doble Protection Suite

Power States Summary
(8 Use same source frequency in all states: Stata 1 State 2 State 3
SEL-4000 Relay Test System o — e i Y
Hame Label Color  DC  CT/Viratio  Frequency Amplaue Phase Ampiusde Phase Amplnde Paze
Standard I Extended l Total Test States: 3 VA Feeder1Phased | m |w| [ w000 |w so0onz 149000V 0.00° 19400.0V 0.00° 194000V 0.00°
State No.1 5 2 H1 State No. 3 | vB Feeder1Phases  m v [ wo | P samne 149000V | 240.00° 2000% 240.00° 144000V | 260.00°
— ve FeederiPhaseC | m (v O wo |G sosone 144000V | 120.00° 14000V | 12000° 1000V | 120.00°
[Pre-Fault [Fault [PostFautt \ [
Analog Analog Analog vt Feeder2PhaseA | w (v ) w00 |9 s0a00ne 144000 | 0.00% 144000V | 0.00° 14400.0 v 0.00°
P T0.00 000 P T0.00 P 0.00 0.00 V2 Feeder2phases  m (v () w00 | WP 60.900Hz 144000V | 240.00° 20007 240,00 145000V | 240.00°
1A 0.50 0.00 1A 7 X 1A 1050 0.00 3 Feeder2fhaseC  m v [ w0 | ¥ oo W00V | 10000 | 1#0s0v | 120000 144000V | 120.00°
1B 10.50 -120.00 1B 0.00 -120.00 1B 10.50 -120.00 n Feeder iPhases w v [ 0 oF coonon: 12000 A n.a0® 120004 0.00° 120,004 2.00°
:z‘ g?sgo ;20%00 11(; g gg ;20%00 L‘?A 27530 ;20%00 B Feederiphase8 | w v [ w0 (o eomon 120004 | 24000 | 2100004 120004 | 240.00°
VB T 57:00 _1.20'00 VB 15'700 _1.20‘00 vB i 97:00 _1‘29,00 i | Feederithisec | m vl O 240 ..? 60.000 Hz 120004 120.00° 120004 | 12000 120008 | 12000°
VC 67.00 120.00 VC |67.00 120.00 VC 67.00 120.00 n Feeder2PhaseA  m L9l [ 240 | 7 60,000 Hz 120,00 4 0.00° 120,00 A 0.00° 120004 0.00°
Time Cosisci oupans | 1 Comtact Outputs: | 1y Contact Outputs: U W RO T T B T TR
50.00 1o outt _60 00 1o ouT1 50,00 1fo OUTH B Feader2 Phase € [m] 240 | | T 120.00 & 12000° 120,00 A 120.00% 12000 & 12000
: 2[ : 25 : 2[5 ouT: 3 — d
2[z our2 o || 2f7 our2 S v (AR
Freq Freq Freq £
4 |F ouT4 4lo OUT4 4 |3' ouT4 Time Constant L/R 0.00 oy 0.00 oy 0.00 ¢y
€000 W2 s[5 outs 000 Wz sl outs 8000 Wz 55 outs T i
Trigger (% indicaes commmon input for this retay) ;
Senselnputs: 60 OUTE Senselnputs: 610 OUT6 Senselnputs: 610 OUTE ¥l v v
Palarity
IN1_INOOP 0 F IN1__INOOP 0 F INT__|NOOP 0 F
2 |NnoOP 0 F IN2__|NOOP 0 F IN2__|NOOP 0 E U o=
__|NOOP 0 F IN3__|NOOP 0 F 0 E Transtion To
INOCOP 0 B I INOOP 0 F 0 E Dety
Defaul net state {when there i no sense event) Next State < Next State e Next State o
Jumpers Copy to Control Panel. Copy to Control Panel.. | Capy to Control Panel...
. === R . . " eo2sal : 69282y : 66282
SEr L 1208 1680 A 1204
| I :
[0 Enabie Power System Mods! = / / = /
I
2000 ; B A =
! H B Relay - l ot "
1000 i | Bla (0] Lve Sync Psit Siates
PERSOTEEP PP EEEIPIRIIEEEEEIRIREIEEEIEIO0Y ® B
< i} Phase Rotate B
-1000 Timers Setup
Expacted Result : Tolerance
2000 # Label - 4 * " Start State Actual
f [| Mods. Tme Minus Phs Type Severty Inpg®
Trer = 2:19:12 PM ! T
REE I 1 Cross Interlock Op v - Error v State 2 ... GN1
800 ms 900 ms 135 2 StaggeredReclosing op v > | Eror v State2 | v

GN2

Input marked with * indicate common inputs defined on this relay Play sound when relay operates O




Event Analysis

11cb11.CEV.Session - SynchroWAVe Event 11cb21.CEV.Session - SynchroWAVe Event
T
|
.., Feeder1 | .
I
1000 i 1000
<0 O A BN « 0
-1000 -1000
-2000 -2000
—— I
Tnef =2:19:12 PM | 3000 Trer = 2:19:12 PM |
800 ms 900 ms 13s 800 ms 900 ms 13s
T T
1
1 m PMVOT |
1500 ! |- EMVeT | 1500 | !
| 1
1000 | 1000 |
' :
500 : 500 ;
1
] : 0 I
Tre = 2:19:12 PM : |Trer = 2:19:12 P} :
800 ms 900 ms. 13 800 ms 900 ms 13s
: :
3 TRIP .
TRIP |
. I PSVOT -1
ot Cross-interlock Cross-interlock '
5151
5151
5152
5152 :
1 PLT20 i
: Stall Reclosing i
Trer = 2:1%:12 PM | L
800 ms 900 ms 13s
800 ms 900 ms 13s




QUESTIONS?



