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Purpose of Z9 Application

Optimize protection sensitivity
Decrease clearing time

Reducing upset in the power
system

Reduce arc flash hazard

A downstream feeder breaker
trips only the faulted part of
the power system, avoiding
tripping of the upstream
breakers

Enhances the pre-designed
coordinated distribution
system by reducing the fault
clearance time, with no
intentional time delay

Power Source

Power Q

Flow
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Simple radial power network



Review of Buff Book for relay
coordination summary of CTI
(Coordination Time Interval)
requirement

Coordination Time Interval (CTI)
between upstream static relay
and down stream static relay:
>=200ms

Main breaker should not use 50
function in order to coordinate
with feeder breaker overcurrent
protection

Do not enable the
instantaneous overcurrent
element (50) on main breaker
relays

Traditional Way To Do Protection Coordination
Between Feeder Relays And Main Relays

Bus Relays (Main Breaker or Partial Differential):
Pickup set between 100% and 125% H.A (150% AA maximum)
Set to coordinate with transformer primary protective relaying

Table 15-3—Minimum CTls®

Upstream

Downstream Electro-
e Low-voltage : e
Fuse mechanical Static relay
breaker .
relay
Fuse Cshs cs 0225 0.125
Low-voltage circuit breaker Ccs* Cs 0225 0.125
Electromechanical relay (5 cycles) | 0.20 s 0.20s 030s 0.20s
Static relay (5 cycles) 0.20 s 0.20s 0.30 s 0205

“Relay settings assumed to be field-tested and -calibrated.
BCS = Clear space between curves with upstream mimimum-melting curve adjusted for pre-load,
“Some manufacturers may also recommend a safety factor. Consult manufacturers’ time-current

CUTYCS,

Transitional CTl is defined by IEEE Sandard 242 Buff book, Table 15-3, Minimum CTiIs




Principle of Zone Selective
Interlocking (ZSI) Application

If a fault occurs at Location 1, both
feeder 1 relay and the main relay
sense the fault, a blocking signal is
sent from the feeder 1 relay to the
main relay to let the feeder 1 be
tripped first to clear the fault

If a fault occurs at Location 2, only the
main relay senses the fault, the fault is
on the bus. The main relay would clear
the fault without any delay

Side note:

Very easy to adopt ZSI to a fast bus trip
scheme to replace the dedicated bus
differential scheme in some less
important bus applications

Power flow

Power Source

Main Incoming

OC-M1

>Block OC-M1

Time Delay

Blocking signal

OC-F3
—
OC-F3

Feeder 1

Feeder 2

Feeder 3

ZSl in a Simple Radial Power Network




Method to Achieve ZS Application

1. Hardwired Based

Used in LV applications
exclusively

Most LV intelligent breakers
have hardwired ZSI as a built-
in feature

Hardwire connections between
downstream and upstream
devices

Setting are done through LV
trip units
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Hardwire Based ZSI Connection Setup



Method to Achieve ZSI Application

2. Serial Port Based Peer to
Peer Communications

- Usedin either MV or LV applications

Serial Communications

- Is a proprietary technology. Not

interchangeable with other vendors
IEDs & Logic
— Processor

- Usually offers one to one
communication channel only

- In order to do ZSI, a logic processor
needs to be in place to overcome
one to one communication channel
limitations

Serial Communications

- Need an additional dedicated serial

cable network Serial Port Based ZSI Communication Setup



Method to Achieve ZSI Application

3.IEC61850 GOOSE Based Peer POt e i
to Peer Communications ( oo

e Usedin either MV or LV applications
o -
e Ethernet communication network

based .

» Worldwide recognized standard, open | 'i' f

\ ’ +—{OC-F1 +—{0C-F2 +—{0C-F3
architecture, and common :- J g .
technology, interchangeable with any

vendor’s IED

SO HOM]EH

a|0ET) HIOM]EN
BB NIOMIEN
S|4 D HIoMIah

* No need for any additional network, *

network cable or components ' ' }
Feeder 1 Feeder 2 Feeder 3

e e - O = " L]
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Ethenet Sit

IEC61850 = Communication networks and systems in substations
GOOSE = Generic Object Oriented Substation Event

Specified in IEC61850 standard IEC61850 GOOSEBased ZSl Communication Setup



Advantages of Using GOOSE Based Z3

e Replace the conventional hard wiring connections between IEDs, lower
installation cost

* No need to have additional serial port on protection relays

e Comply IEC61850 standard, compatible with any IEC61850 capable
|IEDs from any vender

e One to one, one to many, many to one and many to many
communication channels

e Use the existing or must-to-have Ethernet network in a plant

e Other communication-assisted applications can be achieved in the
same IEDs and the same network

e Easy to modify and expand when system configuration changes



Blocking Time Considerations
_

BLOCKING TIME DETERMANATION:
* If the blocking time is too long, the goal of reducing

CTl cannot be not met Cor':mter
* If the blocking time is too short, mis-operation may _ Sub Controller(s)
R ubstation Controller(s) to
OcCcur. I EMS/DCS or SCADA
'Lf system (if needed)
.. . . . . . b >
* Initial blocking time estimate with the following LG.//
conditions: y

* Well designed and configured network

« LAN communication travelling time is initially GOOSE |
estimated not over a cycle of 16ms (worst case {Gﬂneridqj:ﬂﬂrﬂissted
scenario) sy'swwl e events)

Mutticast Message

* Three cycle breakers are used in ZSl scheme

IEDT = IED2 IED3{= 1EDA

Downstream relay logic execution: 2ms Vendar Vendo Vendor Vende
LAN communication travelling: 16ms L Y i
Upstream relay logic execution: 2ms

Upstream relay output responding : 4ms

Three-cycle breaker opening time: 50ms

Total 74ms

 Final blocking time should be determined by the test, Wi e W

For most cases, not more than 100ms



Other Considerations

COMMUNICATION FAILURE

 If communication is failed between a feeder relay and the main relay, a traditional
CTl with intentional time delay in the main relay should be restored for that

particularly feeder as a backup

BREAKER OPEN FAILURE

Breaker open failure detection should be involved in the ZS applications and the
Breaker Failure Initiate (BH) logic should be programmed in the feeders relays and
supervised with communication failure. If a feeder breaker gets breaker open failure,

the main breaker should be tripped right away as a backup

TEST MODE

» Test mode needsto be setup for each individual feeder



Protection Considerations

Most ZSI applications involve downstream loads are of all

feeder lines within one voltage level, 50 (I0C) elements are
used both in feeder relays and upstream main relays

Tirrve

When transformer feeders are involved, transformer inrush

current has to be considered TOG ﬁ
* Atrelatively lower current part, use accelerated 51 | m??w | an J
(TOC) element to avoid transformer inrush current o\ /| Tradiiona /| Rt
 Atrelatively higher current part, use accelerated 50 l".'- no et/ Wy
(10CQ) element \ | m

Same principle applies to motor feeders to avoid motor
lockout current at motor starting

Majorly used for motor breaker circuit, not used for
motor contractor-fuse combination circuit applications

Apply ZS1 schemes for both phase and ground elements

* Ground element ZSI usage: " = E'f,.“”' || _

High Resistance Grounding (HRG), no need for ZSI

Transformer , FEEDER | | FEEDRR || FEEDER
Ground fault is for alarm only, not for tripping Inrush RELAY || RELAY | RELAY
* Low Resistance Grounding (LRG), no need for ZSI anar,_"“
Ground fault current is limited to a fixed low

magnitude

Solidly grounded (SG) system, apply ground ZSI scheme Transformer Feeder with 25



Network Considerations

REQUIREMENTS:

e Reliable communications
e Redundancy is needed

e Redundancy at network (Ethernet
switch) level

e Redundancy at node
(IED/protection relay) level

* Fast retransmit profile is needed

e Fastspeed

» Separate communication traffic is
needed

* Tag prioritizing. Critical data should
be passed first Communication Network with No Redundancy




Network Considerations

REQUIREMENTS:

* Reliable communications Typical recovery time vs. number of switches in an RSTP ring
*  Redundancy is needed. RSTP-2004 Fault Recovery Times for Magnum Products Measured vs. theoretical RSTP failover time
¢ Requ?};jlanc?' at network (Ethernet in a ring network if the root bridge fails.
switch) leve
* Redundancy at node (IED/protection
relay) level [ms} RSTP Failover Times if Link Fais
s 0
* RSTP =Rapid Spanning Tree Protocol
defined in IEEE 802.1W-2004 . /
* RSTPringis set up as a physically a closed loop forE i

possible quick recovery but a logically open loop tc 3
avoid data broadcast storm that results in the
network unusable
» RSTP automatically recovers from a link fault
without the need of any operation interaction o
e The time RSTP protocol needs to realize the
fault and find an alternate path is called

150 —+—Failove Tine
/ Measured
:I:IE
o Thiegredical Unpen
Bound
53 M
17 1T 1T 1

A
4

protocol convergence time (Recovery Time, T T T T 1
. . W ¥ W &N N & M N W MW M :|
Failover Time, etc.) ' ! ' ' ;
i i i 0 0 20 10 1 Number of Switches
* Convergence time varies depending on hov Ring Size ! N -

many switches in an RSTP ring. The more
switches in a ring, the slower the
convergence time. Source:

* Typically, maximum number of Ethernet 'I_:ffﬁt' FFrom'ﬁarfre"tcom "te:}:“r: 4 Soamming Tree Protocol in Rind Network Topol
switches in an RSTP ring: 40 ight: From: Performance of the Rapid Spanning Tree Protocol in Ring Network Topology

By Michael Pustylnik, Mira Zafirovic-Vukotic, Roger Moore, RuggedCom, Inc.



Network Considerations
1

REQUIREMENTS:

* Reliable communications. Redundancy at network level and at node level is needed

Pl d
G%.'S%E Relay 2
message path ) 1: ‘
i .:
EYHERNET|-wo .. ETHERNETL.._[ETHERNHT
SW-1 SW-1n SW-2n
X
L
M,

RSTP Logically open
N\, RING

‘New open link

- IETHERNETL..... ETHERNHET
sSwWw-22 SW-3

Ix‘l‘"lll""

M
=

m
=m
-

H

SW-

: )

E \____ Altermate

. . GOOSE

. message path
Relay 1 After RSTP

auto recowvary

-=-== Ethernet cable between switches
-==-- Ethernet cable between switch & IED

Method 1:
Communication redundancy achieved at network level by one
RSTP ring and at node level by using two ports at each node

Which method is better? Method 2 is better. Why?
Less number of Ethernet switches in each RSTP ring so recovery time is shorter



Network Considerations
S =

REQUIREMENTS:

. . . Tabla 5-1: GOOSE RETRANSMISSION SCHEMES
e Reliable communications

. . SCHEME 5 HUM TIME FROM THE | TIME BETWEEN | COMMENT | TIME ALLOWED TQ LIVE
* Fastretransmit profile is needed EVENT MESSAGES IN MESSAGE
Aggrassive [ Oms 0 ms Ewant 2000 ms.
1 dms 4ms n 2000 ms
IEC61850 PART 8-1, GOOSE RE-TRANSMISSION RULE : ol s s
181,25 SendGOOSEMessage ! 18 ms 8ms i Heartbest ' 4,5
The GOQSE service model of §1850-7-2 “.. provides the possibility for a fast and reliable $ icahcioad Hemtow ik dsabrsnaclbiols
system-wide distribution of input and oulput data values.” This SCSM uses a specific scheme 5 Heartheat Haarthaat 1] Heartheat " 4, &
of re-transmission to achieve the appropriate level of reliability. When a GOOSE server Medi
generates a SendGOOSEMessage request, the current data set values are encoded in a Edum ’ L . Evert 2090 ms
GOOSE message and transmitted as T-DATA on the mullicasl association. The event that 1 16 ms 16 ms T 2000 ms
causes the server to invoke a SendGoose service is a local application issue as defined in 7 Wms 1B ms T 2000 me
IEC €&1850-7-2. Additional reliability is achieved by re-transmitting the same data (with
gradually increasing SqMum and retransmission time). How this will be done is shown In 3 B4 s 32 ms T2 Heartbaat " 4,5
Froma T 1 Hearibeat reerbest T Hearibest " 4,5
5 Haaribeat Heertheat O Heartbeat " 4, 5
Time of transmission Relaxed ] Oms Oms Event 2000 ms
C Al 1 T B 1 100 ms 1D ms T 2000 ms
; 1y i b 2 200 ms 100 ms T 2000 ms
- £ i \ ) T00 ms 500 ms 2 Heartbeat ' 4,5
T I fed 3 \ A 4 Heartbeat Heartbuat T Heartbeat * 4, 5
] L | To) iy 72 § 73 ] L l - g Heartheat Heartheat b [ Heartbaat " 4, 5
I 1 I
I l R Hearibeat b Oms 0 s Ewent 2000 ms.
l gvem 1 Hearibeat Heertheat ™ 2000 ms
Z Hearibeat Heertbeat T 2000 ms.
To retransmEssion n siabie conotions no evert for @ long tims g 5 Heartbeat Ha I H A’ d g
(T} retransmission in siable conditions may be shortened Oy an avent 1 Heartbes He = Hearbeal 4.5
Ti shories: retransmission tme afler the svent e . pondo S
T2, T3  retransmission times until achieving the stabie conditions tme. 5 Heartheat Haartheat T Heartbaat * 4,

7 P P UG A N ke Conclusion: Use “Aggressive” profile for ZSI blocking signal



Network Considerations

REQUIREMENTS:

* Fastspeed

» Separate communication traffic is
needed

* AVLANs a Virtual LAN . It is a group of devices
that can be located anywhere on a network, by
which communicate as if they are on the same
physical segment. With VLANs, you can segment
your network without being restricted by physical
connections

e Itis virtual because the VLAN is artificially/virtually
created and the nodes need not be physically
located on the same switch or even reside in the
same physical location

e Use VLAN to separate network traffic between
different IED to IED communications (GOOSE) and
Server to IED communications (Clint-Server
architecture)

* Configure VLAN, trunk port and priority in Ethernet
switches

«  VLANs allow for easy network changes

«  VLANs enhance network security

VLAN1 £
Loa\d“ShggI S g i

VLANs help control network traffic

Trunk Port

Trunk Port




Network Considerations

REQUIREMENTS:
* Fastspeed
» Tag prioritizing. Critical data should be passed first

GOOSE provides a priority setting with 8 levels of priority (0 to 7 where 7 is the highest)
IEEE 802.1Q/P standard provides 3 bits for each frame to prioritize the traffic level

When processed in a managed Ethernet switch, the message with the highest priority is moved to the front of
the queue

High priority message
jumps to the front

A To IED
Port 5 Port 6
: New [€—
Managed Ethernet Switch Msq 1
Msq 2
Msqg 3
< 15 MseC _— Msg 4
\ > > > > =
Po;t 1 Port 2 Port 3 Port 4
New HP New “high priority” message from Port 1 to Port 6
message

Conclusion: Set ZSI related GOOSE message blocking signal as priority 7 to get it processed first



Setup and Programming
Considerations

EXTEND ZSI TO A FAST BUS TRIP SCHEME

* Fastbus trip scheme may replace some dedicated bus differential schemes in less important and lower
voltage level application, due to the speed of fast bus trip is not quick enough.

Comparison of commonly used bus differential schemes

ltem LOWIMPEDANCE HIGH IMPEDANCE FASTBUS TRIP
Dedicated CT Must Must Mot needed
CT ratio and performance match Mot needed Must Mot needed
Speed Fast Fast Slow
Program complex level High Low High
Flexibility High Low High
Space taking More More Mo need
Communication needed MNo No Yes

Cost High Low Low
Easy to communicate with other IEDs Depends Depends Definitely
Skill needed High Low High
Popularity Low High New Technology




Setup and Programming
Considerations

MAIN-TIE-MAIN CONSIDERATION

ZS| needs to be implemented in
each of the following
configurations:

* In normal double-ended
operation mode where the tie
breaker is open

Between feeder breakers
and the main breaker

* Insingle-ended operation mode
where the tie breaker is closed

Between feeder breakers
and the tie breaker

Between the tie breaker and
the main breaker

Main-Tie-Main Configuration

SOURCE 1

X1

!
-
{

3
_<'|.
|

L AN

NC

BUS 1

FEEDERS

V

52T

SOURCE 2

TX2

Z3anm o

BUS 2

NO

FEEDERS

N




Setup and Programming
Considerations

FEEDER IN TEST MODE Example shown below is an arrangement of
using upstream relay’s four relay front
When doing ZSI related test for a specific feeder, pushbuttons to set each of 16 feeders in
the other in-service feeders should not be test mode individually
interfered for normal operations. A test flag
should be raised for this particular feeder. fecaer Mo J PR MO W FERAT FEROD | peny | EBOA
Feeder 1in test mode 0 0 0 1
Feeder 2 in test mode 0 0 1 0
The test mode may be set: Feeder3intestmode | 0 0 1 1
* Method 1: At each feeder relay and use GOOSE Feederdintestmode | 0 1 0 0
to inform the upstream relay that the FeederSintestmode | 0 1 0 1
corresponding feeder is at-test mode status beederbiniosl mege | 10 1 4 i
Feeder 7 in test mode o 1 1 1
* Method 2:.At the upstream relay and use e Eiteitade | & 3 5 8
GOOSE to inform the related downstream relay e : : :
that the corresponding feeder is at-test mode R TR P ST R 0 1 0
status Feederllintestmode| 0O 0 : 3
Feeder 12 in test mode 0 1 0 0
Method 2 is better because it reduces the besver Limtestnioue), 0 1 £
requirement of total number of remote points RS LR e Y 2 - =
. . from the downstream relavs to Feeder 15 in test mode 1] 1 1 1
communicating y Feeder 16 in test mode| 1 1 1 1

the upstream relay



Setup and Programming
Considerations

REDUCE NUMBER OF REMOTE DEVICES AND REMOTE POINTS

Re-arrange switchgear and Motor Control Center (MCC) configuration by adding a breaker between the
switchgear and the MCC to reduce the total number of remote devices and remote points for each level of

75|

L3N

MCC1 BUSH

MNC MNC

Matars
Feeders

N

£ 3MIT

BUS 2 MCC2

-N":I

Feeders

Motors

N

Require more remote devices and remote points
capability in the upstream relays by the above setup

C
=
m
=l

BUS 1

MCCA

Motars

Feeders

N

L
=
m
]

BUSZ

-No

Feeders

<

MCcC2

Motors

Require less remote devices and remote points
capability in the upstream relays by the above setup




Example Logic Diagram

EXAMPLE LOGIC DIAGRAM USED IN THE UPSTREAM RELAY FOR MAIN-TIE-MAIN ZSI APLICATION

| Main breaker racked in & closed|

|Fdr 1 at ZSI test mode

oo

[Main ZSI O/C picked up

[Fdr 1 O/Cin (GOOSE)

|Fdr 1 ZSI armed

|__

[Main ZS| armed

[Fdr 1 communication fail

—— "5

[Main traditional O/C picked up

AND

[Fdr 1 communication fail

[Fdr 1 ZS| armed

AND

|Fdr 1 ZS| armed

OR

—
|—
: >0

|Fdr 1 fault related BFI (GOOSE)|]

[Fdr 1 communication fail

0
1]
0

|Fdr 1 at ZS| test mode

AND

=

>

FEEDER 1 LOGIC

AND

AND

AND

[FEEDER 2 LOGIC

[FEEDER n LOGIC

Other tripping
commands.
Examples:

AND

Drive a contact
output to trip the
main breaker
and lock it out

OR

[TIE LOGIC

|——|OUTPUT SEAR-IN LOGIC

transfer trip, ATS
scheme open, or
load shed open




/9 Test Considerations

TYPICAL TEST PROCEDURES

 Inject current from the primary side to check wiring and component integrity
e Determine ZSI blocking timer

» Test RSTP functionality

» Verify VLAN

» Current injection from the secondary side to test ZSI functionality and performance for each
feeder

* Conduct communication failure test to verify alarms are properly flagged and upstream relay(s)
is@are) back restored to normal CTl when communication failure occurs

* Conduct feeder breaker failure related test to verify upstream breaker could be tripped right
away

» Disable ZSI, verify traditional CTl is in place



Project Qutline

PROJECT OUTLINE — ONELINE DIAGRAM AT 4160V LEVEL

SOURCE 1

IECA1850 GOOSE BASED 25| AMONG ALL FEEDERS O/C, TIE QIC SOURCE 2
LRG SYSTEM AND MAIN O/C ELEMENTS LRG SYSTEM
FROM TX1 FROM TX2
% r 3PHPT 3PH PT 3 %
- T F5-F7 MM M5-M7 K] C
z =
m [ 3PHY IPHCT  Relsy2  3PHCT WHY | F
- Fi-F3 M-Ma Y
IPHCT IFHPT
U1-U3 Us-U7
3PH PT MTM IPHPT
F5-F7 Relay1 M5-M7
IHET  woTRFonly s
MNa Auto RETRF \
LCOP TO Relay2 1PHPT 1PHPT LOOF TO Relay?
F1-F3FOR3PHCT o Mg M1-M3 FOR 3PH CT
1PH 1PH
VAG VAG
TO Relay2 U1-U3 TO Relay2 US-UT
FOR 3THPT FOR 3PH FT
N
c 3pH y L) ot NC
T BUS 2

o

BUS 1 25KV BUS M -
E- -
@ |

Relay
T*3 MYMCC1 MVMCC2 Tx4
Ea




Development And Smulation Tests




Questions ?
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