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12 kV DA Equipment

Reclosers: ~1200
Automation controllers: ~55

Automated Switchgears: ~30



12 kV line recloser




EPB “XY"” Orientation

» Source is on the “"X” side of the recloser.

EPB “XY” orientation
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EPB “YX"” Orientation

» Source is on the “Y" side of the recloser.

EPB “YX” orientation
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Protection and Switching

» Switching — SCADA control

e Open or close protection device
e Open or close switch remotely

» Protection
e Trip = automatic open to clear fault

e Reclose: automatic close, attempt to energize
- Traditional — circuit breaker
= Pulse close

i, [—.
|

Cp.



Pulseclosing Technology

1. Test to see if the line is still faulted
2. Don't stress or damage the power system equipment
3. Don't cause voltage sags for upstream customers

CLOSING ANGLE 118° AFTER
VOLTAGE ZERO

©2009 www.sandcicom




EPRI / IREQ
Pulse test Let through energy

T

Fizure 4. The pulze 15 a minor loop of fault current, Ounly

the first minoer loop of current (shaded area) 1z allowed to
flow.

APPLICATIONS ASSESSMENT OF PULSE CLOSING TECHNOLOGY

A Joint Project of the Electric Power Research Institute and Hydro-Quebec
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Figure 5. Relanve let-through energy for a npical
=000 ampere fault.

Conclusion: < 2% typical
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Let Through Energy (LTE)

» Measure of stresses on electric assets

e Conductors, splices, jumpers, transformers,
protective devices

» Energy (joules) = I2x Rx t
» LTE (amps squared seconds) = I% X t

» Which fault has higher LTE?

e 2,500 amps for 25 cycles
e 3,500 amps for 12 cycles
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® Service Restored — unfaulted sections
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Devices not In automatic
restoration model

- Restoration model has limitations on the
number of devices included in one model.

- This necessitates that system is broken
into different restoration groups.



Devices not In automatic
restoration model

» TIE that merges two restoration
models.
e Exceeds 128 limit

X Cl1138 Y

B3AVX-A . 123.0VY-A 123.0VX-A _ . 123.0VY-A
28VX-C 2 123.0 VY-C 122.7VX-C 7 122.5VY-C

2.4 VX-B 1225 VY-B 122.2 VX-B . 122.0VY-B m

PIT201 M

Cset: GZ and K are too large to Merge - C1138 cannot be in IntelliTeam
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Coordination .

» Utilize tolerance
performance bands
to coordinate devices ,,
instead of CTIL E

» Consider fixed-time
error, clearing time,
overtravel (EM), etc.

600A Current 12,000A




Outdoor Station 12 kV Coordination

1 Current in Amperes: x 10at 12.47 kVandx2.711 at46kV.
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46 kV coordination

Cumerd in Amperes: x 10 3t 46 kV.
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Mis-Coordination Problem

- Wrong device(s) trips
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Mis-Coordination Example (animation)
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Mis-Coordination
How CEC can solve this problem

recloser detects fault
« Send CEC shift message to source recloser
o |f CEC message is received, shift to a slower
curve
© |f no CEC message AND fault is present, then
this device is closest to the fault
* Trip on normal TCC curve
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Common Fault Type

» Permanent

» Momentary — device trips (transient
fault)

e Typical transient causes
“+Conductor slap
“*Animal contact
“*Tree falls clear
“*Vegetation contact

» Returning faults
e Conductor slap
e unknown
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Recloser test configurations

Hard Close (no pulse)

Pulse Test — no fault detected

Pulse Test — fault detected

Pulse Inrush Test — (inverse pulse)
Pulse Analysis Sequence — flow diagram
Pulses reveal line conditions
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Flow Diagram: one phase pulse

Pulze Details i
Start of TEST N

Bad pulse (faulted)

j > &
j

Inruzh detected

Idle: Wait fnr}_/
reclose fimer




Pulze Details
~ Start of TEST N

Pulse 1of3

Inrush detected
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Traditional CLOSE: Conventional Circuit Breaker (CB)
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Pulse Testmg — no fault detected
j U’&”"?.53‘?&3“55{5%“5253:{“‘E,”o“‘e"zfi“éts'éspféi”é cyties J o
ﬂdnuf“'wWmewmmNWWWWW““MM

Wl 7167.143 alks

___ __

foadigaagnd
Pulse & close (pole }&fj\}wz W|AE2 oks
R

| A TR R T o
ih \/vw\m’ f«/ﬁ:ﬂmese_notfauﬁed,dose phase (pole 3) @!\ wa ol zemase v
| TTTT TrunnYy
' Pulse & close (p
Ita |

999999999999




Pulse test: L-G fault detected
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W 160115,135518670000,UTC, BIG201-D3LV-1;, D31051,EPB, 30f3, Arrestor, CFF - 01/15/2016 - 13:55:18.670 - Primary - (Peak Type)
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Pulse test: L-L detected
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-G Fault: Reclose#1 Inverted Pulse
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First phase: No Fault — Phase 2: L-G

“Implies”

the fault moved
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The Two-Phase Case

#mmmmmtmmﬁmmmm M 14:24:25.968 - Primary - (Peak Type)
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No Fault but Delta Response
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1 pulse but 3 responses
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Recloser1 > Recloser Xf >

i Fault
O ' W 160115,135518670000,UTC, BIG201-D3LV-1; DIL0SL, EPE, 3063, Arrestor,CFF - 15/01/2016 - 13:5548.670 - Primary - (Peak Type)
() e[ <] —
(0p) i | LFR302- see comirade file: 160115,135518670000,UTC, BIG201-D3LV-1 D31(
ral . Note: this disturbance begins approx 43.6 minutes iprox 80% into the sequenct
. =] j te: | rba beg piI r A 0% into tf lent

B |
| | 1
- -- Loss of Vaoltage - - - i
Possible causes: |
1) Circuit source lost : SOURCE DEVICE EVENTS
2) Source device tripped L 1) Pulse pole 2 - good pulse
(next event confirms source 2) Close pole 2

device is IntelliRupter because it
!. pulse testing)

3) Pulse Pole 3 - good pulse
4) Close pole 3

Missing: Pole 1 pulse

Either missing WFC file, or device
D31051 stopped saving data

5) Pole 1 closes (implying good e rnerece
pulse test)
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L-L Fault on Main Line

Dev#3 (green line recloser) clears fault

4 distinct waveform patterns captured by 5
devices

Difficult to align time in your mind
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Same L-L Fault, Simple Case = |,

Aggregation Benefits
- common time line
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Old Problem: Labor = 5 hours
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Tools - Grid Protection Alliance

- Includes oscillography from substation breakers and line
reclosers.
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CHP201-JR61465 View in Opens
2 w
‘CHP201-JR5039
o ‘ B A O A S A A
CHP201-JRS076- 20~
CHP202 x n A
. "5
"
GHP201JR8089 « R
18200 ss210 85220 85230 8520 85250 55260 80210 s8200 %8200 55300 w510 85320 8532 85300 8350 55360 88370 85300
GHP201JRS125
CHP201-JR51465 [JR51465]
GHP201JRS 112 View in OpenSEE
CHP202 20K - vyt
Q00X A X . VY2
R 0 A B s
2
P wi
. AADD we
AA'AAAL .3
5K u R
2o VXt
o \ N RO R
a . : . = o . - e 4 : 20 , . . - a > -
55200 a1 w5220 85230 8520 55250 55260 %8210 5820 8529 5300 %5310 w520 85330 85300 85350 55380 55370 5300
CHP201-JR5039 [JR5039 L 583 LL=2806 FT=7062]
Vies OpenSEE
20K | VX1
Q0000 Q00X u VX2
0 R s =
i
. ANAAAND we
saTavavaTavaY =i
5K u R
20 - VY1
B O N A O A O O i
a0
5200 5210 w5220 520 %5250 5260 %0210 w200 355290 355300 %5310 15320 355330 w5300 35350 w5300
CHP201-JR5076-CHP202 [JR5076 LG=0 LL=0 FT=6398]
View in OpenSEE
o VXt
0 A m VX2
o A A A N =y

"

13
R
Wi




Tools - Grid Protection Alliance

- Overview of oscillography
range.

WDV CIVVID

Summary

available throughout a time

Record Limits:

Search Levels:
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System Filter:
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Looks Like Miscoordination
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FAR202-A1133 [A1133_LG=1576_LL=1760 fi=15943]
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Confirmed: Miscoordination

0 ; ; D GRID PROTECTION
ATATATRRAVS A ALLIANCE
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CAP Response
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Conductor Slap

initial fault

18TVKA
Tsexe Y

H8AVYA 18,
f182vve " 1is.
Togvs .
CHATTEM CHEMICAL INC
CHATTEM INC

conductor yasvca
slap § R

5ID206-K1013 [

1013 LG=4801 LL=8549 FT=3339]
View in OpenSEE

el

| VX3

SID206-L1221 [L1221 LG=3265 LL=5391 FT=6370]

View in Open:




Conductor Slap

» Decreasing number of recloses

» Increasing open interval between
recloses
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Conductor Slap

» Negative sequence instantaneous

» Phase instantaneous not as easy to set
due to differences in AFC for LL and 3@
faults
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Transformer Magnetizing

» Historical waveforms
provide an insight
into past inrush for
development of
settings




DER contribution to fault and

grid

islanding

PV islanding and
supplying fault
current after loss of
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46 kV contact with 12 kV

» 46 kV contact with
12 kV through a tree
branch

Aoy =

29:54.6 29:54.7 29:54.75 29:54.8 29:54.85




Waveform Summary Plot

» Quickly get an idea
of what the recloser
Saw
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IEEE 1668 ride through plot

» Provide data to
customers on IEEE
1668 compliance

Plot: ELD202-ELD202.07165.
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Replay using waveforms

» Use waveforms to
construct a replay of
device operations

€ 5 C O ahes

Line PCRS are showing as Self-Ties. Can we.
look into the logic for this datarmination?

Remove TSx - aggregating results in compression which
resuls in lost data

B> ]1]~] Tneres | Tme v stwvorme 0

— =
= -
—_——

g

Need a solution for,updating the JSON /XML data periodically,

Normally Open IRs need name formatted




Additional uses of recloser data

» Power flow validation

» Capacitor bank placement

» Historical inrush

» Spectrograms from waveforms
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Identifying miscoordination

Spectrogram — A
visual representation
of the frequencies of
a waveform over
time.

Use a CNN to classify
images of
spectrograms.




Identifying miscoordination

» Quickly determine
miscoordination on a
mass scale without
in depth analysis
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