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Progress
= Review of New Arrester Standards
Acquire — ANSI and IEC
A - ldentify Strengths and weaknesses
B — Explain new way of specifying discharge -
energy requirement
| 4 — Guidelines on how to select
selection procedures arrester characteristics N
Requirements & tests — Report PID 3002015688

= Updated Selection guidelines
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Updated Selection guidelines

= Introduction to Metal Oxide Arresters
— Functioning
— Construction
— Long term performance

|-

—
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Zinc-Oxide
(Bulk material)

\

Metalization

Passivation layer
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Updated Selection guidelines

= Characterization of Arresters
— Review of IEC 60099-4 and IEEE C62

— Characterization
= for Power Frequency Voltages 5 | Redont | Region 2 | Regions
= of Protective Characteristics :
= of Energy Handling Characteristics ¢" s
§ ! —A;C Capacitive
EP AC Resistive
f 05 Switching
§ Lightning
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Peak Current through Arrester [A]
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Energy Handling Capability

= The ability of the arrester to conduct surges without being
overloaded.
— Thermal energy absorption refers to the ability of the complete arrester

to cool down under normal operating conditions after it has conducted a
surge and so avoid thermal runaway.

— Impulse energy handling refers to the ability of the blocks, by themselves,
to withstand the thermal and mechanical stresses the block is subjected
to by single-shot energy injection.
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Determining Thermal Energy Rating (W)

= |[EC 60099-4

Preconditioning

—

Cool to ambient

Storage

Two 4/10 s
high-current
impulses

www.epri.com

Operating Duty Test

A

r" Pause €100 ms

Inject Wy,
within
3 min

Uni-polar currentimpulses
(duration between 2 - 4 ms)

Apply U, for 10 s
followed by
U, for 30 min
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Determining Impulse Energy Rating

= Impulse handling capability
I =Kt™°

— For 400 Joules/cm3 for a low current ac test

~ to0 1200 to 1700 Joules/cm?3 for very fast high-current impulses. )
o~1
= Therefore:
K=1It

[ Charge transferred is a constant ]
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Determining Impulse Energy Rating (Qy,)

= [EC 60099-4

Characterization Evaluation
r—)‘—\ A
r )
50-60s
.
-
o
]
E
2
°
]

One 8/20 us || Reference || 10 groups of 2 impulses | | One 8/20 us || Reference One 8/20 us
high-current || Voltage test At 1.1x Q. high-current || Voltagetest || high-current
impulse at |, impulse at |, withstand test

Station arresters: Rectangular impulses
(duration between 2 —4 ms)
Distribution arresters: Lightning impulses
(8/20 ps)
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Selection of Arresters

= Follow IEC Approach

From Fig 4-1 To Fig 4-1
¥
Determine lightning Determine switching

impulse protection level impulse protection level
Prospective slow-front
Highest system operating Select the continuous overvoltages
voltage U,

operating voltage U,

‘ Representative impinging
Expected System Select the rated voltage | __ _ lightning overvoltage
temporary overvoltages ‘

U,

i

| Select nominal discharge
Lightning discharge current current |, [ s s R

+

Consider substation layout

] !

Consider arrester

Determine required charge | selectchargeQ.and | ______ N protective reach
and energy capability "| thermal energy rating Wy, - —
Determine coordination Determine coordination
t l lightning impulse switching impulse
Consider substation layout Makeapreliminary | _ _ o withstand voltage withstand voltage
selection of arrester [ |

L L L LT T e

Prospective slow-front
overvoltages

Rated insulation levels

——————————————————————————— Acceptable? i

Continued in Fig 4-2 From Fig 4-2

Arrester functional
electrical characteristics
selected
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Selection of Arresters

200 | :/Lxc:?:sir;e(ughtmng)
= Detailed explanation Z s
- Determining Rated Current £
- Energy handling capability o ‘ N R
— Verification of protective characteristics O C O ometw i

g §
i é’ 1,=(2-Ures)/Z, Time
8 8 i
e 4

Direction of reflected surge @ I A
2U
pl

Ure:
U

FUres,

2-Ui
Ure:

I U,  Actualsurge

Incoming surge with Ao
- Steepness: S N EEREREREREBERENENE

- Velocity: v

Arrester Object to be protected
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Monitoring Surge Arrester Condition

= Introduce Monitoring Techniques

= Available Devices
= Introduce EPRI Arrester Sensor
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EPRI Arrester Sensor

= EPRI Arrester Monitor

— Report “Surge Arrester RF Sensor - Development, Laboratory Testing and Field
Demonstration”

NEMA Pad for connection

NEMA Pad for connection

Sensor body with current
transformers and electronics

Central bar for current

E-Field probe for
measurement

voltage measurement

Ball antenna for RF communication
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Arrester Monitor

= Metrics
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Arrester Voltage (kVolts)

Voltage F3 Component % (%)
Voltage F5 Component % (%)
Voltage F7 Component % (%)

Arrester Current (UAmMps)

Current F3 Component % (%)
Current F5 Component % (%)
Current F7 Component % (%)

www.epri.com

— Residual Current Peak (UAmps)

— Residual Current F3 Component (%)

— Metric 1 - Current at Voltage Peak (UAmps)
- Metric 2 - Current at Voltage Zero (uUAmps)
— Metric 3 - Resid. Curr at V. Peak (uUAmps)
-~ Metric 4 — Resid. Curr at V. Zero (uUAmps)
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Arrester Monitor

Sampled Voltage Signal

ignal

- MethOdOIOgy “’ \ I(H\\ I/}]\ IA\%/\\W/\\ I‘/\\ l("\\ IAM\ |
— Measures current and “voltage” VUV

. . . e Sampled Current Signal

— Derives estimate of “resistive” . it K

current

——Seriesd.

A
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Reconstructed signals from Fourier analysis
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Functional Test (I)

= Reconstruction of Capacitive Current
— Bushing test
— Source rich in harmonics

300
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Functional Test (ll)

= Measurement of arrester V-l Characteristic
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Peak Voltage Across Arrester [p.u. of Ur]
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Peak Current through Arrester [A]
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Simulated Substation Test

= 138 kV Substation Mockup

— “True” service conditions
— Hourly rain showers

— Quick access if modifications
are required
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Arrester Metrics
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Residual CurrentPeak (uAmps)
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EPRI Sensor Project: Next Steps

= RF Arrester Sensor

— Field Demonstration to Collect Data

— Lenox “substation”

— Continual Development of Algorithms
= Temperature Compensation
= Phase Comparison
= Trending

— Thermal runaway test
= Test and refine Algorithms
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Progress
o Development of an accelerated aging test

— The improve understanding of aging of
MOV block material and passivation
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Research Questions
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Why are these arresters
heating?

www.epri.com

Rating Delta T (°C)

Recommendation

A No action required

Monitor or assess for further damage,
or degradation

Replace at earliest convenience
(if polymer insulation)

Replace as soon as possible (if
porcelain insulation)

© 2019 Electric Power Research Institute, Inc. All rights reserved

How can | improve
my arrester
specification to avoid
this in the future?
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Development of elecirical aging test

= Long Term Aging of Arresters
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Electrical Aging tests in Brazil

= Water immersion test

IAL DATA ACQUISITION ]
d Total leakage current

)
ERSION TEST - 6 days ]

s 3

COOLING AND DRYING - 1 day

> s 3 ]
DATA ACQUISITION
6@ Voltage and Total leakage current

O
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Power losses

Manufacturer A

o
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Proposal for Electrical Aging Test
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= Modified 1000 h stability test

— 1000 h constant (elevated) voltage test at 115°C

= =0.93 Ur (MCOV = 0.8 Ur)

= Monitor Power Loss
— Test object

= Complete distribution arrester

= Sheds cut off to fit test chamber
— Test chamber

= Controlled environment

= Steam injection

www.epri.com
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Test Setup for Elecirical Aging Test

[ Steam Generator J

Testing Chamber
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Together...Shaping the Future of Eleciricity
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