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Abstract

» With the fast-tracked planned installations of Utility-Scale Inverter-Based Resource
(IBR) Power Plants to the bulk power system, utilities, consultants, EPCs and

developers are all seeking methods to standardize P&C designs and hasten
execution.

» Many of these power plant designs incorporate a high voltage (HV) section or
sections, pooling bus (PLB) section or sections, and collector bus (CLB) sections.

» This paper will explore a typical power plant incorporating all these sections and
suggest architectures for standardized yard-to-merging unit connectivity.

» As many of these power plants follow standardized approaches for the power
iInfrastructure, the P&C design also can provide a high degree of standardization.



Quick Review of Digital Substation (DS)

» A DS involves the use the merging units (MUs) to connect to yard elements (CT, VT, 52, 89, status,

control), digitizing the data, then communicating to/from relays in the control house over fiberoptic
networks.

» The network where the digital data is transmitted between the yard and the control house is called the
“process bus.”

» Both non-redundant and redundant topologies will be explored

= Redundant MUs, instrument transformers, the process bus networks, and the protection are employed for high
reliability (99.9989%).

» Redundant protection systems are typically employed in transmission, and to a degree in distribution.
Analog data (sampled values; SV) as well as binary status and commands are included in the data.
High-speed messaging (GOOSE) is used for commands and time critical status.

» Inter-relay or inter-zone information used for interlocking, breaker failure, protection modification and
other uses are performed over “station bus” network. Figure 1 shows a simplistic view of a redundant
network arrangement described above that employs parallel redundancy protocol (PRP) architecture.



Simple Block Diagram of a Digital Substation
using Networked Process Bus and Station Bus
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Utility-Scale IBR Renewable Plants vs. Conventional Plants

» Both Utility-Scale IBR Renewable (REN) Plants and Conventional Plants typically
have a large power transformer (PwrXfmr) as the means of stepping up energy
sources to transmission voltage

» Conventional Plants have one or possibly more large generating assets at MV level
brought to the PwrXfmr

» REN Plants typically have a large amount of MV and possibly LV sources that are
aggregated through various buses and intermediate transformers that lead to the
PwrXfmr



Utility-Scale IBR Renewable Plants vs. Conventional Plants
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Utility-Scale IBR Renewable Plants vs. Conventional Plants

» Conventional Plants typically employ high impedance grounding at the generator
neutral. The PwrXfmr acts as the ground source to the Utility and ungrounded
source to the generators.

» REN Plant IBR terminals may not be grounded. If that the case, suitable grounding
Is created with grounding banks at the various buses or at the IBR transformers.

» Protection in a Conventional Plant focuses on the large generator assets, PwrXfmr,
support Xfmrs and auxiliary systems

» Protection in a REN Plant focuses on the numerous energy sources, cables and
buses, plus many transformers used to step up the inverter AC output voltage up to
higher intermediate and finally the transmission voltage level. In addition, there are
auxiliary Xfmrs and auxiliary buses and loads.



Utility-Scale IBR Renewable Plant Topology Example
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Utility-Scale IBR Renewable Plant Topology Example

A
RE B 21/87L-HV |

»Two [2] PLBs are used, each with seven [7] Y 4_:r’_+

sources. AlS, Outdoor CBs. AT —
»The PBLs are identical JUE i‘/
» Seven [7] identical sources each PLB input HIKViSAY i Main Xfmr
»The 28 CLBs are identical. LV Switchboards in | |

weather-proof enclosures S

» CLB connections are [10] 150kW, 600V inverters, a ,
feeder to supply auxiliary power, and one output to , i |
CLB Step Up Xfmr. S7B-CLBX L___,f AP S B .

> Two CLBs are grouped per PLB input l ""“W@f'&/&m””fﬂ_Mv_xv
»Teo PLBs input into the Main Xfmr o ;6003"M33A5"V

r—————i— B e A 87B-CLB-Y
»We will make use of the standard infrastructure ' ' I/
topology to develop a standard approach to the | 28 CLBs Total

I
protection schemes using Digital Substation |

techniques. [_70]5//7;;/ar to %—Lﬁ{ [9]5/77;/Yar to o Inverter
q ux. Xfrm Al R A 150kwW
<
Auxiliary Bus \
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Partially Centralized Systems, #1

We will assume use of three protection systems for application in
partially centralized protection schemes:

1. Atransformer protection system that can cover <=6 nodes, employing a
definable and selectable transformer differential zone, with all nodes
employing overcurrent, voltage and frequency elements.

From MU; Sv: 3v,30 To 87T,
Direct or | I I | 87HS, 87GD

Networked 9 @ @ @ @

Connected

sv:iL30 —@P—Q—@— @1 DD DO
Sv: 3I,
Gor N

Feeder/Main/Tie CB Protection

Feeder, Main, Tie CB Protection for a

Selectivity for 87T/87HS/87GD Sourcing for
Transformer Protection System

Transformer Protection System
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Partially Centralized Systems, #2

We will assume use of three protection systems for application in
partially centralized protection schemes:

2. A bus protection system that can provide up 28 nodes of bus differential
protection, with each node providing non-directional overcurrent,
voltage, stub bus and breaker failure protections

Sv: 3V, 30 T
From MU; 9 @

Direct or

ﬂﬁ:;g‘cﬁg* sv: 31, 3¢—@-@-@ STUB BUS @-@-@

Combination Bus and Overcurrent, Voltage, .Sel?ctivity for 878 Sourcing for
Stub Bus and BF Protection System Combination Bus and Overcufrrent, Voltage,
Stub Bus and BF Protection System

o Select to Use

in 87B

e Multiple 87B

Zones

Definable
e May Employ

Setting Group
Changes to
Alter Bus
Zones
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CLB Protection

» Each protection system, System #2, will cover two [2]
CLBs and cabling to the CLB Step Up Xfmr low side
winding

Each CLBis a 12 node 87B zone, 87CLB-X and 87CB-Y ux. Xfrm LT \
Non-redundant protection for the set of two CLBs will Auxdliary Bus PV Arrays
require one [1] Protection System #1

Non-redundant protection for the set of two Collector
Buses application will require 14 MUs.

» Seven [7] groups of two [2] CLBs per PLB input, 7 2- pooling Bus
CLBs connected to each PLB. 7
» Each CLB has 10 Inverters, One [1] Auxiliary Source + + + + + +
and one [1] Main as nodes (12 nodes). AR Smiei o || scoimiario
> Total nodes used by CLB-X and CLB-Y =12+12+1 =25 Collecior Bus.Ang 600v:sa sy Cecoras bwdm A 87T-PLB-Z
(«=28) ptep Up XL 3 MVA U L
. . e e Trm— s oo 87B-CLB-Y
» Overcurrent, voltage and BF protection provided for  !cyieciort t goov. || eoov, [1:Collector :/
all nodes by Centralized Protection (CP) #2 | L L 3MVA L J3MVAE BUS_I_: 28 Collector
uses 10ta
> Voltage protection from Bus VT by Centralized AR RN P L RN
> Protection #2 [10] Similar to J%A [9] 5/'/7://ar to \/\ Ilngglth?/r
>
>
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CLB Protection
» Yard to MU Connectivity for CLB 1

> All other CLBs similar CT, CO and Status rom Pooling Bus CB
~ \
A
i : : LAN"B"---1 “cgpig-1x |5 F
i E[]E | 87T-HVLS !4 — (135 | 7
S = COLLECTOR T Statusi 3
115kV:34KkV | % :Main s BUS 1 7
50 MVA | : CT; 3
4 : E' ‘E | 87B-HV
— Ju 3

3Y L CB 1 CB 2 . CB34 CB56 CB7-8 CB 9-10) CB 12
T . T
[ )

e Four [4] more P
— sets of 2 —
breakers with

l S J_ﬁ = « Four [4] {<r? i—
o Unt & ) as stepUp 2Lt € ———— 87T-MV-XY iti
CLBXsmeUpEH_ 600y:34.5k/ gt kel Go0y: 34 5 \/y \/\ / Additional MUs SupAFl>Jl¥ to
i S e L T T 1 87B-CLB-Y - - -
| | i co; 2 I | T €o; 2 Co; 27 Source | | T €oi 2
| [
i |28 CLBs Total Status; 3 | PV Array PV Array 1 4| Status; 3 | status; 3
TN X VO £ ! B Status; 3 i
%—J : . H > -
(9] similar to_ k777 Inverter CT; 3 7 ~ CT: 3 CT; 3 CT; 3
% —> MucCLBL; | ' > MucBLy; .
Auxiliary Bus \ CB1-2 ' C311'12,
PV Arrays
E l.---. LAN \\AII E :---- LAN “A"

-------- LAN “B” leceeeee LANB” 13



CLB to PLB Protection

» Yard to MU Connectivity CLB-1 and CLB-2
to CLB Xfmr 1 & 2 to a PLB input

> Both CLB Xfmr-1 and CLB Xfrm-2
included in 87T zone

» All interconnecting cables in the 87T zone CLB Xfmr

V4
A CT; 3
e (F7eTeAv | 1( 1( A
E / 87T-HVLS

i CLB Xfmr

PLB-X

CB-PBX-YY

3

Status; Status;/ 3

peseeceeeip

50 MVA Main Xfmr
,,,,,, \ .
A CT, 3" A LAN \\AI’
LAN ‘:B"
vy vy o
[ ]
- - A\} 14 '
8 MU-CB1CB12._..LAN“A MU-CB2-CB12_! |
87B-CLB-X _e i PB-X-CBYY | LAN “B” PBX.CBYY | ;
: 1 :/— imilar to Status; Status: Fee
o stni®ld 600v:34 5 s v Al oV 87T-MV-XxY 3 3
fwng E—( 3 MVA Xfmr “ E 3 MVA CB'CB].' Co; CB'CBZ'
] : ) i 1 /87B-CLB-Y 12 2 12 — e
| W . cT; 3 €0; 2
i : T | 28 CLBs Total ’ ,
I I I / 7
NN I S IS 0 U F- CI_ Y CI‘ CT; 3
[10] Similar to N [9] Similar to Inverter
Aux. Xfrm érv% v & Tsokw CLB 1 CLB 2
Adiary Bus )

PV Arrays 14



PLB Protection
» Yard to MU Connectivity for PLB 1

To Low Side of Main Xfmr and

2

. . P:
» PLB 2 similar Feo—
. Co; 2 MU - LAN“A”
» Redundant MUs on PLB Main CB e %% g CRaay L LAN B
. CB 8 .
bus side as they are part of the - | Lcoi2, e
- Status; 3 MU -
M PLB 1 B —l’— . oo wp o
Main Xfmr 87T (HV, NERC) F——— 7| PBLCBIE) [~ LAN "B
4
J ] )
- o i R B2 e By B
R Y
: :[]5 | —_— <+—— ¢ Two [2] more —
BE B — sets of 2
PN e : breﬂakers from § C(z)
115kV:34KkV | Iain Xfmr — — Collector Bus N <
50 MVA . i_ﬁ_jw' Xfi ;B-Hv — - . %(-mrs[z] ]
:';B_:;_l‘%j“““, :‘““%“;;;B;] Additional MUs
I A R R ' Y Collector Collector | |~ . .21 Collector
LA L .{].{].{]}:d]d]d]éd]d]d]: Co; 2 Bus Xfmr Bus Xfmr ~ CO; 2 co; 2 Bus Xfmr
PR s | & S Mo ¢ ___~_"_| Status: 3 | 4 1-2 3-4 Status: 3 | 1T 9-10 Status; 3 ~
87B-CLE-X Similar to ¢ __‘(__Q_ifzv_/éa_r_z:q__.A/—S/m//arlo a us' N~ Status_ 3 ’
Ve e = s | | A [ers 3| T ‘
: : :_ :/87B-CLB-Y — MU MU <%
| 30%1 L i3°?4kvVA _ - ~| pB1;CB1-2 [~ PB1;CB7-8 _
SNNnEREnneE — —
e TR 0 I AN B L AN e

Auxiliary Bus

PV Arrays
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Main Xfmr and HV Interconnection Protection

» Yard to MU Connectivity for Pooling . co; 2
Bus Main CBs, Main CB and Main Xfrm \\ Utility  Status; 2
» Redundant MUs on all Nodes Status; 2 | + L\:‘ 1y Co; 2

A
Impacting Main Transformer s ‘_E—BE— Status; 2
Protection 87T and Line Protection / Stajusi o s
(HV, NERC) Y ;3 [P 2,

Y

LAN “A” MU F [ Coi27 | Mu | aAnvan
wmr | Main Xfrm/ | — 7| Main Xfrm/ |_._ wp
AT A LAN “B” --+ CB-M(A)/ > . — Status, 3 CB-M(B) LAN "B
e PL7ETLAV | €92, TR} _"_’CT; 1
;[] ; Status; 3 M I
' ' 87T-HVLS
A S Main Xfmr
1skv:zakv | L 1, A l % l
aE— Main Xfmr
50 MVA rwv]:_ > I
87B-PLB-L | : . 87B-PLB-2
.: , : i \ Status; 3 B E Status; 3
' ; MU PLB1; co;4 [ O ‘ €O;2 | MUPLB2; |--LAN“A”
CB8(A) «q———]css PS5 CB9(A) [--LAN"B”
CT; |co; } CT;3
3 MV | B n co;2
——————————— e f““ﬂ 87B-CLB-Y o wpn
[ : Il ; | MU PLB1; |__ | status;3 = | Status; 3 | MU PLB2: r-- LAN A
 igem e O .*/ cB8(E) = "Boe) | - LAN B
! TR [ 28 CLBs Total et 3 . [ o3
IS ‘i;“i) TS '
%(_/ %,—/
[10] Similar to % [9] Similar to I{\%/&Etv?lr PLB 1 PLB 2

ux. Xfrm 3&&
Auxmary Bus 1
PV Arrays
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Protective Relay - MU Relationships: CLB

Note: All MU-Relay signals through networked connection.
Connections shown here are to show relationships only.

e CT, CO and Status from Pooling Bus
CB connected to Collector Bus XFmr

MU F--- LAN “A”
B1;CB13 [--- LAN "B”
CB 13 co; 2
COLLECTOR Status; 3
BUS 1
3y $ CB1 l CB Zl L CB 3-4 CB5-6 CB7-8 CB9-10 ) lCB 11 lCB 12 $ 3y
Y
> o Four [4] more —> -
- — sets of 2 — —

breakers with
Inverters.
e Four [4]

\/\/__ \/\/__ Additional MUs i \/\/__ SUFA%I% to

€0; 2-1 T T ~CO;2  CO; 2] T fower |\~ co; 2 /
Status; 3 | 4| PYATY  PVAmay || Status; 3 |+ | PV Amay +| status; 3 < Other Collector Bus Node A
Status; 3 H
cT; 3 & ~| | cm;3 CT; 3 1T . i3 MUs and Related Protection
> mu ¢ > MU
_| B1;CB1-2 = B1;CB11-12

© . LAN“A” Pl LAN“A”
teeeeee- LAN “B” teeeeee-
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Protective Relay - MU Relationships: CLB to PLB, CLB 87T

Note: All MU-Relay signals through networked connection.
Connections shown here are to show relationships only.

- 3 To 87T,
Pooling Bus 24 el e | 87HS, 876D
Status; 3 CB-PBX-YY Status;/ 3
ran 7 Feeder/Main/Tie CB Protection
feo: ~—=%o;
Collector o N 2
Bus Xfmr _,< E_
’CT; 3
1< 1< 1 To 87T,
87HS, 87GD
LN;&J Collector LAAAJ
M PeeXimr A Y © © 0 010000
A CT; 3L A LAN “A” Feeder/Main/Tie CB Protection
Yy LAN ‘:B"
vy i Trip CB-CB1-13, CB-CB2-13 .
Mpex.covy [--* LAN "A” Mu-cB2-cB12| . | ancllO CB-PBX-YY ’Target 87T
Status: ---LAN “B” PB-X-CBYY | __| : '
a3us, Status;
CB—CBl—[]ﬁdcho- | CB-CB2- 3 i
12 > 12
cT; 3 i €o; 2
£ n 7 To 87T,
< CT; 3 87HS, 87GD
Ctglecior Collector
us Bus 2 :
v —@P—@Q—0Q— 0@ 1O D DO
Ssv: 3I,

Gor N

Feeder/Main/Tie CB Protection
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Protective Relay - MU Relationships: PLB

To Low Side of Main Xfmr and
Status;
<J CO; 2| MUPBLL |--LAN A
> = > CB8(A) |--LAN B
cB8 | _l Co: %
C Status:| MUPBLL (.. AN A
PLB 1 > CB8(B) -- LAN B
B CT;3
J
> <—— ¢ Two [2] more [——>
— sets of 2 Co:
breakers from i 2’
. q- Collector Bus D N
] N Xfmrs —
e Two [2]
Additional MUs
i CLB Xfmr  CLB Xfmr | |~ co:2 co: 21 CLB Xfmr
CO; 7 1-2 3-4 ’ ! _ 13-14 Status; 3|
Status; 3 1T Ng Status; 3| 1 )
cT 3 1 Status; 3 P 1 o
! _ « Y| | CT;3 ! > - CT;
> mupLB1 | »| MU PLB-1 3
CB1/2-2.

Other Collector Bus Node /

MUs and Related Protection

A

Note: All MU-Relay signals through networked connection.
Connections shown here are to show relationships only.




Protective Relay - MU Relationships: Main Xfmr 87T

. . LAN “A” Primary, LAN “B” Backup
Note: All MU-Relay signals through networked connection.
Connections shown here are to show relationships only.
>-i
L
Y'Y
0 —Q@—0—0—0 19000
co; 2 EV(;’?\‘!
> Feeder/Main/Tie CB Protection
g Trip CB-PB1-9, CB-PB2-9 N0 e
\\ Utlllty Status; 2 - e CB-M. Target 87T. .
ANV
co;2 N | | Co; 2 1
Status; 3 + ——— - !
; FB BRI o, 760
Status; 2 Slele
co; 2 sv: 31,30 —@—-egege Lo R R N o
, ) #2
‘ ' 3 ' ‘ ' Feeder/Main/Tie CB Protection
LAN A --4 . MU — MU te= LANA -g¢— L <
~ LAN B --{Main Xfrm/ — Status; 3 M(a::;"h):?"\“)‘/'" LAN B —
CB-M(A) [< . 4y CB- r— —
<'|_C_Q._1 ﬁ CTi 1 LAN “B” Primary, LAN “A” Backup
Status;% - d.ll' ) To 87T,
S T T 87HS, 87GD
=——— Main Xfmr v ER <
A rv"v']
—>
Status; 3 - e (- X
— LANA --4 MUPLB1 MUPLBL L. | AN A-g— :tj;wf@ 0003709000
LAN B “=9 ch(A) I CBS(A) pe= LAN B Feeder/Main/Tie CB_Protection
CT;3 a0 caom.
[ [l coip i
LAN A---1 MU PLB1 [ Status; 3] MUPLB1 |-- LAN A
LAN B -1 CB8(B) #—| CB8(B) '-- LANB 4
B CT; 3 sV: 3V, zmﬁﬁj
000 I
PLB 2 SV:, 31, 30 —@—efefe @,@,@e #2
> Gor’ Feeder/Main/Tie CB Protection
- —




Protective Relay - MU Relationships: Utility POI

» co; 2 LAN “A” Primary, LAN “B” Backup
\ Utility Status; 2
o N Iy o 2 Line Relay #1
Status; 2 17 ] = L .
Status: 2 Comprehensive 21, 87L or 21/87L
‘_ atus;
co; 2 Status; Bl
Y T3 —3 CT;3 vy Y
.2 [ A
... MU 4—9’—|_j CO; 2 !VIU l-=  LANA
. tﬁ“g...mg; o T [ Status; 5| MainXfrm/ -~ | AN -
L2 [ Al . LAN “B” Primary, LAN “A” Backup
Status; 3 | 'Ill
LLLJS™T :
Ran Main Xfmr Line Relay #2
Comprehensive 21, 87L or 21/87L
Status; 3 =3 E= Status; 3
LANA --1 MUPLB1| _ co;4 | u N co:2| MUPLBl,.. LAN A
ced - ——— [T - bee
LANB -] cB8) S—— il e 5 CB8(A) [~ LaN B
«—L0: 4 ] - Co; 3
LAN A== MU PLB1|_Status. 3 4 - Status; 3| MU PLB1t-- LAN A
LAN B**"7  CB8(B) |*—X +—| CB8(B) [-- LANB
cT; 3 ] B cT; 3
PLB 1 PLB 2

Note: All MU-Relay signals through networked connection.
Connections shown here are to show relationships only. 21



Reliability Better Than Hardwired Designs

X XXX MUL1 SV Failure
-3 xxxxr/f

MU] SV Fallure Detected
Samples Used j Rl Protection Blocked

X X0
XXX

MU2 SV Quality Established and Protection Unblocked using MU2 SVs

» Redundant designs incorporate
redundant Process and Station Bus
Networks, MUs and Protection

* In the event of failure of a MU or
Network, Relays can switch to an
alternate sampled value (SV) stream,
Increasing system availability

 During switchover, protection blocked
in relay switching SV stream for 2
seconds while new SV stream is
evaluated for quality



Sampled Value Switching for Failures

Protection A

Protection B

Protection A Protection B Protection A Protection B

T(A)] JR(A) T(B)| |R(B) T(B)| [R(B)
| | ——
< Process Bus < Process Bus < Process Bus ?
— \_/\—f/\—_
T(A)| [R(A) T(B)| | R(B)
_‘ T(8)] |R(B) T(A)| [R(A)
\ ___Il
smmeeeo-- SO - - - - B MU(A) - - - SRR R O
5 il [—— : : :
b ol N A N U ) Tl ' MU(B) :

IR It P - i § s
PR 20 EHE s 53 20! 35 , ' 201 o
—orog—] T [—odHoo— ] T [—toiee— — oo T oHeo—
CT-T-1B CT-T-2B CT-T-1B CT-T-2B T-

CT-T-1A CT-T-2A CT-T-1A CT-T-2A CT-T-lACT_T_:lB o CT-T-2A

Normal: Both MUs Functional N-1: MU(A) Fails, MU(B) Functional N-1: MU(B) Fails, MU(A) Functional

Note: Both protection systems send/receive commands and status from both MUs



MU Switchover for instrument Transformer Failure

Protection A Protection B Protection A Protection B

T(A)] [R(A) T(B)| |R(B)

—‘——-/'__—‘\___
Process Bus { Process Bus
o ——

R(B)

[
21,4
20

!
$:

. N-1: CT for MU(A) Shorts,
Normal: All CTs Functional MU(B) CTs Functional

Note: Both protection systems send/receive commands and status from both MUs



MU & Relay Placement:
Enclosures or Use of Existing Compartments

» |In retrofit application, MUs typically are housed in kiosks or enclosures, strategically
sited close to the process they are connecting to

» Designing, fabricating and installing enclosures incurs cost

» In Greenfield work, for outdoor breakers, breaker panels may be used for enclosing
the MUs provided there is adequate space. This space my be requested during the
breaker quoting phase of the project

» In Greenfield work, for metal-clad switchgear, the LV compartments where relays
would typically be mounted can be used for enclosing the MUs

» In cases where breaker cabinets or switchgear LV compartments were not available,
one could employ dedicated enclosures as needed.

25



Enclosure of MUs

__ MUs in kiosk adjacent to HV breaker cabinet;
| - Relays in Control House

AC_
—

34kv:230kV

PLB Breakers: MUs in breaker
cabinets; Relays in Control House

CLB Step Up Transformers; in CLB
switchgear LV compartments

] _ CLB Breakers; MUs and Relays in CLB

switchgear LV compartments
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Summary and Conclusions

* In some Utility-Scale IBR Renewable Plants, there may be high quantity
use of granulized and repeated power infrastructure.

* These designs lend themselves to the use of centralization for a high
degree of standardization in the P&C design

e Savings on the quantity of protective devices, quantity of panels and
space inside the control house can be obtained

* In Greenfield applications, MUs can often be housed in breaker
cabinets and LV switchgear compartments, with attendant enclosure
and civil savings

27



Summary and Conclusions

A large amount of standardization can occur from the standardized
design and fabrication of MU enclosures (if applied)

Wiring runs from MUs to the yard elements are short and
standardized.

If the MU information for all accessed points is brought into the control
house, the Operators have full view of every element off the plant,
from the high voltage POI to the individual inverter AC inputs, without
having to travel to various areas of the plant.

28



Author Bio:

Wayne Hartmann is Advanced Applications Advisor (NAM) for GE Grid Solutions. In this

role, he explores the application of new technologies in protection and control with Electric

Utilities, Industrials and the Consultants the support them.

 Wayne also provides market research, input for new product development and is active
working with the Sales and Application Teams.

* Before joining GE Grid Solutions, he was in Standards Development at Duke Energy, and
in Application, Sales and Marketing Management capacities at Beckwith Electric,
PowerSecure, General Electric, Siemens Power T&D and Alstom T&D.

 Wayne is a Senior Member of IEEE and serves as a Main Committee Member of the

Power System Relaying and Control Committee (PSRC) for over 30 years.
* Chair Emeritus of the IEEE PSRC Rotating Machinery Subcommittee ('07-'10).
e Contributed to numerous IEEE Standards, Guides, Reports, Tutorials and Transactions, delivered
Tutorials at IEEE Conferences, and authored and presented numerous technical papers at key industry
conferences.

* Contributed to McGraw-Hill's “Standard Handbook of Power Plant Engineering.”

29



References

1. IEEE Standard for Electric Power System Device Function Numbers, Acronyms, and Contact Designations,
ANSI/IEEE C37.2-2008.

2. |EEE Power System Relaying & Control Committee Report, “Relay Scheme Design Using Microprocessor
Relays,” June 2014

3. |IEEE Power System Relaying & Control Committee Report, “Schematic Representation of Power System
Relaying,” May 2013

4. |EEE Power System Relaying & Control Committee Report, “Redundancy Considerations for Protective
Relaying Systems,” March 2007

5. IEEE Power System Relaying & Control Committee Draft Guide, “Guide for Centralized Protection and Control
(CPC) Systems within a Substation,” PC37.300/D5.0, September 2021

6. “The Copper Diet - Recipes to Promote Standardization, Centralization and Redundancy in a Digital
Substation World,” Wayne Hartmann, Georgia Tech Protective Relay Conference, Atlanta, GA, May 2021

7. NREL Conference Paper, “Equivalencing the Collector System of a Large Wind Power Plant,” NREL/CP-500-
38940, January 2006

8. “115kV/ 34.5kV Solar Power Plant & Substation Design Project,” Design Document, lowa State University,
Venkataramana Ajjarapu, etal., October 2020

9. “Design of 50 MW Grid Connected Solar Power Plant,” Krunal Hindocha, Dr. Sweta Shah; International
Journal of Engineering Research & Technology (IJERT), ISSN: 2278-0181, Vol. 9 Issue 04, April-2020

30



LLLTTTLEP YA
av-—-:-::.::.:.....,..
vttty

-o-.—-—- W,
(LT LA LI TR PRRER
i [LAXS ERLENY
LAY \
Ry L TTLIL LTI T LA MM
-:-::._::::::.
prgatatiannattatiates

Tty
] ($1)]
ATLLLAL VTN
[ELERRL AN
RS

Questions ?



— — — — — — — — — — — — — — — — — — — — — — — — — — — — —

elad -1l -l d 0D | el LT el 14 I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L —

N

b

N

B

@

N

B

N

%

@
X
G e ?
N// N N

M

BINET/

YARD CAl
I EQUIPMENT CABINET
BINET/ I
NET

eladlelJeb el | el gel gl

C

[o—o

N

Ps—e

o !
No—e-

_3
B
EEn

C

B

A

included in MU

* Redundant MUs
* FT-Switches
Enclosure

e Two CT Sets

Annex: 3-Line Standardized MU-Yard Connectivity
* Single VT Set



33

. !
_ L& a3 & i AT Ra YAl L,JLT_“
| M |
_ T :
S I 6 S S
1 = v = (W = = |
I
e “ =3 3 K
e o I e - IR R (N D I N
— ——
S R e N AN S I A A
|
“/m _ b R U
bs |
_mm 1 N E TN
5. | - [ ]
= NN N\ — NN/ \/\ / |
e % - il an |

Annex: DC Elementary Standardized MU-Yard Connectivity

12 R=

= v o ©

w 2 C Q

= > O O

@), N T;Kw =)

) O 5 =

- -
) S S Q — QO
>N MM ) C 0N =
50 £ OO0 83
— > - N O %
—~ O O o.lopp o=
O 'C O CcTITo X9
0O —~ C — I €
— — O O) >, A
S O T > £ 0° 1

2 2 U O wug
O O @ —— o < T

° ° ° ° ®



Annex: Lockout Function with Dual Trip Coll, Single Close Coll

(1) Standard Reference
LOR Reset; CB, T & C Open
86T open, 86CP closed
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