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• Investigates the IBR 12 impact to
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Background and Problem Statement
Background

• Increasing Transmission IBR Penetration raises concern about protective relay
practices

Problem Statement

• IBR unbalanced fault response (specifically negative sequence current) is
determined by embedded control codes, but has no industry standardization

• There have been known relay misoperations attributed to high IBR
penetration

• Standard relaying practices (developed for conventional power sources) may
not be adequate to protect systems with high IBR penetrations
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Solution Approach
1. Simplified EMT grid system was developed, modeling several "real

world" fault scenarios

2. The fault response of the system was characterized using four EMT 'black
box' IBR models

3. Transient simulation outputs were sent to two protective relay
manufacturers via COMTRADE files

1. Transients were played back into the OEM's relays

2. The relays' responses to the transient were analyzed

4. Conclusions were made regarding the adequacy of standard relay
practices for systems with high IBR penetration
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Four Bus Test System
• Initially built in PSS/E for

system tuning

• Transitioned to PSCAD/
EMTDC for detailed
analysis

• Busses 1 & 2 rated at 5.2
GVA and 1.8 GVA. They
are represented by
Thevenin equivalents in
symmetrical components

• OEMs provided 'black box'
models for IBRs (PV, Type
3, Type 4)

:11
E,1E.Eks

Power & Energy Society

Stronger
&wpm

zi=r2=iou
al =30 f)

230 kV
BM 1

_p dram erraler en
perrr row kr

•
•

Warm arre

156..di ap.
LIMO ...I

113R
100 LW

, 

230 kV
Bun 2

V.,02ker
Source

21=22=304
ZO = DO 0

IEEE



Test Scenarios

• 192 Scenarios were tested in all

— 48 scenarios, duplicated for each of four IBR models

• Scenarios varied the following

— Fault type (LG, LLG, LLLG, LL). All faults lasted 5 cycles

— Fault Location (locations A-F)

— Fault Resistance (0 Ohms, 5 Ohms)

— Prior Outage (none, TL12, TL13)
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Eight Key Scenarios

• The same eight cases
shown for relay OEMs and
IBR OEMs

• Green indicates no
problem

• Red indicates that
protection did not
operate as expected
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IBR OEM1

None a LG TU3 (Rea, Da KS,DRk6 Yes Yes Note 1 Rs Yes Note 1 Page 61- 76
3 None a 116 TU3 BRK3. MKS, BRII6 Yes NOte 1 YeS Yes Note 1 Page 17- 92

None a LLLG TU3 BRIG, BR KS. BRIG Yes Yes Note 1 Yes Yes Nate 1 Page - 1013
7 None LL 1U3 ERK.3. BR K5. BRK6 Yes Yes Note 1 YeS yes Note 1 Page 1119- 124
25 1113 D LG TU3 20 93 BMA BOO Yea No Note 2 Yu No Nato 4 Pogo 125- 140
27 TU3 D 11.6 1L23 ao 0E4, BRK7 Yes LVD Note 2 YeS NO Nate 5 Page 141- 156
29 1113 D 11.1.6 1123 o ao MO, BRK7 Yas No Note 2 Yes No Nato 6 Page 157- 172
31 11.13 D LL mai 119 NPR, NiK7 No No Note 3 NO NO Note 3 Page 173- 11111

IBR OEM2

None a LG TU3 PR1O. BR KS, BRk6 Yes YeS Note 1 Yes Yes Note 1 Page 61 - 76
3 Noce a 11.6 TL1.3 BR63, BRK5, BRk6 Yes Yes Note 1. Yes Yes Note 1 Page 77- 92
5 Nene a LUG 1U3 P5013, BR lt5 B Rki yes Yes Note 1 Yos s Note 1 Rage e13 - 113
7 None LL TU3 BRK3, BR K5, BUS Yes Yes Note 1 Yes Yes elute 1 Page lie- :24
25 T1.1.3 D LG o ao 39K4. BRIC7 Yes No Note 2 Yes No Note 4 Page VS- 140
27 1111 D 1LG 1123 so 313K4, BRK7 Yes No Note 2 Yes No Note 4 Page 141- 15629 11.13 D ILL6 1123 25 31051. BRC7 Yes No Note 2 Yes No Note S Page 157- 172
31 1113 D LL 1123 21 50 BAK4, BRK7 Yes No Note 3 ho No Nate 3 Page 173- MB

IBR OEM3

1 None a LG TL13 MY3, BAK% BRk6 fes Yes Note 1 Yes Yes Nate 1 Page 61- 76
a NOM a LL6 1112 EICOG, (IRKS, BRk6 Yos Yes Noto 1 Yes `yes Mato 1 Pogo 77-92

None B LUG 11.13 BIK3, BR KS, BRIO, Yes Yes Note 1 Yes Vas Note 1 Page 93 1.013
7 Nona B LL 11.13 Ben, ERNS, BRk6 Yos Yes NSW 1 Yos Yes Notts 1 Pogo 360- 124
as 1U3 D LG 1123 5CI so BEV, BRK7 YES No Note 2 Yes NO Note 4 Page .125- 140
27 1113 D 116 TU3 110 160 BRK4, IRK7 Yes No Note 2 Yes No Nag .1 Page 141- 156
29 1113 D 1123 35 BRK4, BRK7 Yes No Note 2 no No Note 3 Page 157- 172
11 1111 D LL 7123 110 208 RRK7 Pss No Nolo Yes No Note 4 Page 170- 199

IBR OEM4

None LG T113 BRK3, BLIPS. BUS Yes yes Note 1 Yes Yes Note 1 Page 61- 76
3 None a 11.6 1113 BRk3. ER KS. BR1s6 Yes Yes Note 1 Yes Yas Note 1 Paee 77- 92

Noce a 1116 TU3 Eftk3, BRIG, BRk6 Tel YES Note 1 Yes Yes Note 1 Page 93 - 1113
7 Nona a LL TU3 ERK3. BR KS. BRk6 Ye; YeS Note 1 Yes Yes Nate 1 Pau BB- 124
25 1113 LG 7123 ao as DORI, BRK7 Te; No Note 2 Yes MO Note 5 Page - 140
27 TU3 D 116 1123 7D 75 3R1(4. BRK7 les Note 2 Yes No Ncee 5 Paee 141- 156
25 TU3 D ILIG TU3 o DAK4, BRK7 No Note 2 Yes Yes Note 1 Page 167-172
3 2 TL13 D LL TL23 90 97 glet4, BRt7 (es NO Note 3 YeS Ves Note 1 Page 173- 1151
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Conclusions
• The fault response of IBRs is not consistent

• There are further inconsistencies regarding negative-sequence current injection during
unbalanced faults

• EMT studies are necessary to understand IBR fault response, but this is not practical.

• IBRs should standardize their fault response as much as possible

• As penetration of IBRs continue to grow, system fault currents are expected to fall with
unknown consequences, and should be studied

• For unbalanced ground faults, and where zero sequence paths exist, zero-sequence
quantities could be used to reliably detect faults, including direction and location

• There is a need to require IBRs to inject negative-sequence current and to control the
frequency of the current during unbalanced faults to aid in detection of unbalanced faults,
especially ones that do not involve ground.

Al IEELs
\ 117, t

Energy Society® / IEEE


