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Agenda

« Surge / Transient Basics
« Symptoms of Voltage Transients
- |EEE Standards / Test Waveforms

« Surge Protective Device (SPD) Design /
Application
* NEC require surge protection

* Medium Voltage Lightning Arrestor Design /
Application
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What is a Voltage Transient?

Definition: a high rising
voltage condition on one or
more phases lasting 2
milliseconds or less

Characteristics:
e Duration - 50ns to 2ms
* Rise time - 10ns to 100pus

* Frequency - 20Hz to
20MHz (ringing transients)

« Voltage - up to 20kV
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Where Do Voltage Transients Come From?

i
20% External
« Lightning
« Grid switching
« Capacitor switching

 Short circuits
E-T-N

80% Internal

Load switching
Short circuits
Capacitor switching
Imaging equipment
VS Drives

Arc welders

Light dimmers




Symptoms of Voltage Transients

* Equipment damage
* Power supplies & Input sections
* Equipment mis-operation
 |nsulation breakdown of electrical conductors

* Premature aging of electrical and electronic
equipment

* Process interruption
 Data loss and data transfer rate reduction
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Equipment Damage from Transients

Catastrophic
damage to
equipment
can occur as
a result of a
high energy
transient
voltage
event




Insulation Breakdown on Conductors

* Insulation rating on
conductors is typically
twice line voltage plus
1000V

* Transient voltages can be
well in excess of 10kV —
iInsulation breakdown and
motor winding failure can
occur

« Transient will affect any
conductor including phone

and data lines
E-T-N
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Premature Aging and Failure

« Damage to
trace on
electronic
printed circuit
board

e Likened to
“Electronic
Rust”
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Data Disruption

Power disturbances create physical damage
and affect logic signals in electronic equipment.
Noise disturbances can be interpreted as
legitimate ON/OFF signals, resulting in
operating errors and equipment downtime.

A. Signal Voltage

Levels 1975

ogic st I NW L

logic signal I
B. Modern Voltage / Noise

Levels

T IW&W%

Source: EC&M

E:T-N 9
Mrarvy M

My Basvacas vk




Arrester / Surge Protection Device
Standards

« UL1449 — Standard for Surge Protective Devices (<1000v)

 |EEE Std C62.11 — Standard for Metal-Oxide Surge Arresters for
AC Power Circuits

 |EEE Std C62.22 — Guide for the Application of Metal-Oxide
Surge Arresters for Alternating-Current Systems

 |EEE Std C62.41 — Recommended Practice on Characterization
of Surges in Low-Voltage (1000 V and less) AC Power Circuits

« |EEE Std C62.45 - Guide on Surge Testing for Equipment
Connected to Low-Voltage AC Power Circuits

« NFPA 780 — Standard for the Installation of Lightning Protection
Systems

« UL 96A - Installation Requirements of Lightning Protection
Systems
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IEEE C62.41.1 Location Categories

IEEE describes
location categories

IEEE also
describes current
and voltage levels
that might be
typical in these
areas

'
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IEEE C62.41.1 8x20us Combination Wave

8/20 (pronounced 8 by 20) combination wave is used by
manufacturers to simulate lightning current to test surge
protection designs

- "8" is the peak rise time from 10%-90% in microseconds
- "20" is the time to reach 50% of the peak value

» Real world lightning usually has a 1 to 4 microsecond rise
time

LT DU I =1.25(Ty) =8 s
T.=30ps 0.8 Rise Time from 10%
to 90% of peak value

-8 us

CLIEHERIT
Volts per unit

Duration to 50% of
peak value - 20 ps
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IEEE C62.41.1 100kHz Ring Wave
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IEEE Test Waveforms used to represent
surge activity

100kHz Ring Wave

Location Catego Peak Values
oo Voltage | Current
A B6kV 200A
B kv 500A
Combination Wawe
- Peak Values
Location Category Voltage | Cuvert
A BkV 500A
B 6kV | 3000A

Combination Wave

) Peak Values
Location Category
Voltage | Current
C low 6kV 3kA
C high 20kV 10kA
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« Category C3 (20kV, 10kA)

* Represents the high level surge imposed on an
electrical system service entrance due to a direct
lightning striking

« Category C1 (6kV, 3kA)
* Represents a lower order surge on a service entrance

caused by switching events, distance lightning strikes,
etc.

« Category B3 (6kV, 500A 100kHz Ringwave)

* Represents a typical internally generated repetitive
surge event due to motor starting, capacitor switching,
breaker closing, etc.
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Surge Suppressors Act As
“Pressure Relief Valves”

* The ideal surge suppressor shunts
harmful surge current to ground
under a surge condition and
appears as a high impedance under
normal operating conditions

* The surge suppressor is a self
sacrificing device — bearing the
brunt of harmful surge currents
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Normal Operation - No Protection

12 Amps
L
10 O Ohms Law
120 I=V/R
Volts 1=120V/10Q
=12 Amps
G

16
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Surge - No Protection

2000 Amps

Ohms Law
20,000 1 I=VIR
Volts |=20kV/10Q
|1=2000 Amps

17

s Vividank

EF-1-N
-
My Pus




Normal Operation - Protection

Leakage current
has very negligible
effect on circuit

Ohms Law

I=V/R
1=120V/10Q
=12 Amps
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Surge - With Protection

Some residual “let-
through” voltage.
Hopefully manageable
by load

Current Divider

\ 20 A

2000 A Ohms Law
20,000 V=IR
Volts Ideally V=20A*10Q)

V=200 Volts

=0 Q

pumm— The resistance of the surge protection circuit to ground drives the
amount of residual “let through” that continues to load. Needs to be
E.T'N as low as possible!

s Vv




Metal Oxide Varistors — Most Common
Technology Used in SPD

* The vast majority of surge suppressors
today use Metal Oxide Varistors
(MOV'’s) as the common building block
for surge diversion

* MOV's are: (Egm)

* Rugged Gap closes in as a

result of conduction

° Long ||fe and material

breakdown

Disc Material
(Metal Oxide)

» Fast reaction time
* Relatively inexpensive

« Same devices that are imbedded in

many sensitive electronic devices
(VFD’s, Power Supplies, etc.)

E-T-N
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Filtering in Surge Protective Devices

Lower Let-Through Voltage: Capacitive L
filters provide an additional low
impedance shunt path for both impulse
and ringwaves.

Noise Attenuation: Removes low voltage
high frequency disturbances at any phase G
angle (“sinewave tracking”). 1

Reliability: Better performance, longer life anp i
and noise attenuation provide more
“value” than a “MOV only” device.

“Hylbrid SPD” “Sinewave Tracking™

MOVs

- Capacitor

“Responsive Clrcultry”
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Hybrid Filter Design Offers The Best
Protection

Let Through Voltage
(Input: Cat B3, 100 kHz, 6000V)

1000

Let Through Voltags

500 +
0 quality filter
Surge
Event
-500 1
poor filter
-1o00 o o b1
-10 10

Microseconds file:3005  AU1995

SPD filtering components are usually specified in dB of noise attenuation. Good
quality filters produce at least 45 — 50dB of attenuation.
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Applicable Current / Voltage Ratings for
SPDs

» Peak surge current rating

« Measure of life or longevity expectations of SPD

 Also referred to as “single impulse rating”,
“maximum current rating” or “life rating”

* Nominal discharge current rating

« Measure of ruggedness or durability of SPD in the
electrical system

* Voltage System Configuration
* Nominal System Voltage
* Wye or Delta

EF-1-N
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Peak surge current rating (kA/Phase or
kA/Mode)

* The peak surge current is a
predictor of how long an SPD
will last in a given environment

* The higher the kA, the longer the
life of the MOVs

 Similar to the tread on a tire

» The thicker the tread, the longer
the tire will last

« Peak surge current = Life

An SPD will never be subjected to its peak surge
current rating in actual installed conditions!

E-T°N
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Life curve for 50kA MOV
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« All MOV'’s degrade slightly over time depending on the
magnitude and duration of the impulses it is subjected

# of
current ,
level (amps) stnkeg
(useful life)
50,000 1
13,000 10
7,000 100
2,000 1,000
500 10,000
200 100,000
90 1,000,000
20 unlimited

to (8x20 us is most common test waveform)
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Surge Current Ratings: Higher Capacity =
Increased SPD Life

More Surge Current Capacity:
survives more surge events =
longer life expectancy

SPD = 500 kA/phase

SPD = 250 kA/phase

SPD = 100
kA/phase

10 kA surge test

1 8000 12,000+ >>15,000
Number of Transients

« 250 kA/phase is enough for any facility (>> 25 year life in Florida)
« Significant $$% for higher kA rated units with life expectancy > 200 years
 Capital is better spent elsewhere




Per Mode / Per Phase

3 Phase — 4 Wire System
<
ﬁ ké\ 200kA Surge
on Phase A

)

A
B
C

y

Surge Current splits
evenly between L-N
and L-G MOV’s due

to MOV matching
and same MCQOV

100KA per mode =
200kA per phase

100kA
N
@
100kA
G < I ® .
N-G L-N L-G
200k A mode modes modes
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Maximum Continuous Operating Voltage

 The maximum rms
voltage that can be
applied to each mode of
the SPD

 This is a manufacturer
selected value

« Users and specifiers
should make sure there
IS enough “head-room”
so that normal voltage
fluctuations do not
exceed the MCOV

E-T-N
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Typical MCOVs

120V system — 150V MCOV
240V system — 320V MCOV
480V system — 550V MCQOV

28




Nominal Discharge Current - |

o Stress test

* Nominal discharge current
tests the complete SPD N
under strenuous “real life”

scenarios
« MOV'’s, circuit protection,
leads, resistors, circuit
boards, etc.
« Similar to a test track or
road test for an auto

E-T-N
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Nominal Discharge Current (l) Test

« Manufacturer chooses a current they want to test with:
 Type 1 — 10kA or 20kA
* Type 2 — 3kA, 5kA, 10kA or 20kA

« Complete SPD is tested along with any required
overcurrent devices (fuse or breaker)

« Measured let through voltage for a 6000V, 3000A
surge is recorded

« SPD is subjected to 15 surges at chosen nominal
discharge current (1), one minute apart with rated
voltage applied between surges

« Measured let through voltage for a 6000V, 3000A
surge is recorded again — let through voltage must not
deviate more than 10% from original voltage

EF-1-N
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Nominal Discharge Current (I )

Energy = IR

* 10kA SPD is only subjected to 25% of the energy of 20kA
« 5kA SPD is only subjected to 6.25% of the energy of 20kA
» 3kA SPD is only subjected to 2.25% of the energy of 20kA

The higher the nominal discharge current rating, the more
rugged and robust the SPD.

E-T°N
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Voltage System Configuration

« ltis extremely important that the configuration of the SPD is
compatible with the system voltage configuration

« Delta SPD’s can be connected on a Wye system
* Not recommended because it provides less protection
» Voltage Protection Rating (Let Through Voltage) would be higher

e MOV’s are connected L — L and L — G but have MCOQOV above the
nominal L — L voltage

« Example: 480v Delta = 550v MCOV

 Wye SPD’s can NOT by connected on a Delta system
L — G connected MOV’s have an MCQOV rating based on L — N
voltage

* During a Ground Fault, full line voltage is put across the L-G connected
MOV’s

EF-1-N
-
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#1 Contributing Factor in Effective Surge
Protection = Installation
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Voltage Protection Rating

VPR is a rating published and marked
on all UL 1449 listed SPDs

Residual voltage from a 6kV, 3000A | 4RSS &
8/20 s surge waveform impulse
(Worst of 3 consecutive tests)

Tested with 6 inches of cable leads

protruding from the unit
330 or less 330
This is the real “performance” -0 >
. . . . 501 - 600 600
indicator for a surge protective device 01700 i
801 - 900 900
THIS IS WHAT YOU ARE PAYING 001 1200 Fi
1201 - 1500 1500
FORI!! T
2001 - 2500 2500
2501 - 3000 3000
E;T.N © 2018 Eaton C tion. All right d 3881 :gggg gggg

Powering Business Worldwide afon morporation. ATrGHTs reserve 5001 - 6000 6000 34




Remember our current divider...

Current Divider minimize

Ohms Law
V=IR

installed

V=20A*10Q
V=200 Volts

35




Surge Installation Demonstration Video

* To get published performance, SPD must be
installed with 6” of cable or less

- Additional cable length increases let through
voltage by 15 — 25v per inch of cable.

« Demonstration Video
* View full video:
* http://videos.eaton.com/

« Power Experience Center - Dan Carnovale
« 1:38 — 2:46

.1°N
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Installation Lead Length Can Increase Let-Through
Voltage by 15- 25v Per Inch

' Additional Let-Through Voltage Using

IEEE C1 (6000V, 3000A) Waveform (UL1449 Test Wave)

A A
209 V (23%)

==
(=1
=
=

900
800
700
600
500
400
300 @
200 @
100 ¢

673 V (75%)

Additional Let Through Voltage
(Additional to device “Let Through®)

[ =]

- J ft Lead Length
Loose Wiring

_ 1 ft Lead Length
Twisted Wires Twisted Wires

Installation Criteria Order of Importance:
1) Lead Length - 75% reduction
2) Twisting Wires - 23% reduction

h 3) Larger Wire - minimal reduction

E-T-N
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Connection of SPD’s

Sidemounted Integrated with Direct bus connected
(~14” of twisted Disconnect (No conductor length)
conductor) Q" ,

E TN (~6” of twisted conductor)

; . ’ © 2018 Eaton Corporation. All rights reserved 38
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Incorrect Installation Example

« Customer asked us,
“Why am | having
surge damage even

though | have an
SPD?”

20 feet of conductor

E m [
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Calculation of VPR

Installed

* VPR staieq = VPRgpp + Voltage Drop of Leads
* VPRgpp = 700V

* Voltage drop of leads = 20ft x 180V per foot
(#10 AW ted wire) = 3,600V

- VPR

Installed

Very high let-through
voltage — SPD is not
effective due to

Installation method!!

EF-1-N
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Another Incorrect Installation

VPR nstaled = VPRgpp +
Voltage Drop of Leads

VPRgpp = 700V
Voltage drop of leads = 35ft x

120V per foot (#10 AWG
untwisted wire)
VPR

Installed

.1°N
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Looks good, but is it?

-
i
B
Tl
]

11
[

s Ry

VPR | staied = VPRgpp + Voltage Drop of Leads

VPRgpp = 700V

Voltage drop of leads = 15ft x 120V/foot (10 AWG untwisted) = 1,800V

VPR stalled = 2,900V

.1°N
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Would have been 700V if Integrated!
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2014 NEC — Article 700.8 Emergency
System Panels

Typical applications

NEC Article 700.8 requires
surge protection to ensure
reliability of critical emergency
systems such as:

>

>

Medical facility Life Safety
Branch Panels

Emergency lighting panels

Emergency communication
systems

Fire control systems

Elevators used for
evacuation

All other emergency panels,
circuits and equipment

E.-T-N
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Surge protection

NEC surge protection requirement
for emergency power systems

New requiternent within 2014 National Electrical Coda®
(MEC™): Code change NEC 700.8—5urge protection
required for emergency power panels

The 2014 National Electrical Code, Articke 700.8, states: "A listed
SPD shall be instalied n or on all emergency systems switchboards

and panslboards” The change requires surge protection to be
installed on all emergancy electrical agquipment to improve the

reliabdity of emergency power systems. The NEC defines emergency

power systems as systems legally required to sutomaticalty supply
power to designated loads upon loss of normal power. Frotection
of emergancy systems is achisved by installing surge protection
on panelboards, switchboards and other critical equipment

Typical applications

Article T00.8 requires surge protection 1o ensure refability
of caitical emergency systems such as:

= Medical care facilities

+ Emergency lighting panals

+ Emergency communica tion systems

= Fare control systems

» Elevators used for evacuation

= Al other emergency panets, circuits and equipment

E-T-N
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Recommended solutions

For new constructon applications, integrating surge products into
panelboards and switchboards provides the most relisble solution
with superior performanca.

Eaton's 5PD series of surge protection products provides maximum
surge protection with superior refiability. For existing installations,
Eaton makes a complete line of products to mest your risk

o tontaa 2n Esmn slkespomson orlocal disribume plizsa wise
Eaton.com/spd

Eston
1000 Esion Bouar Folkow 15 00 S0CRl TR0A 10 gt The
Clwaire, OH 44122 latust product §rd STppor: idamaion

Uread Statas
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2017 NEC has 4 new code requirements

« Beginning 2008 the NEC began requiring surge protection. The
first article added was to 708.20 regarding Critical Operation
Power Systems (COPS).

* In 2011 the NEC began requiring surge protection for wind
generation by adding to Article 694.7 (d).

* In 2014 NEC added to Article 700.8 requiring surge protection for
emergency circuits.

 The 2017 NEC adds 4 more requirements for surge protection

My Pus
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2017 NEC - 620.51(E)

Elevators, moving sidewalks, escalators, and
more...

* Atrticle 620.51(E) was added to address
emergency system loads, such as elevators,
escalators, moving walkways, and chairlifts.
These are systems that are a matter of public
safety. It states, “Where any of the
disconnecting means in 620.51 has been
designated as supplying an emergency system
load, surge protection shall be provided”.

'
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2017 NEC — 645.18

Critical Data Systems

» Article 645.18 - Surge protection is required for critical
operations data systems. The NEC defines these as
“information technology equipment systems that require
continuous operation for reasons of public safety, emergency
management, national security, or business continuity.”

« Failures to this equipment may not only cause undue
financial harm to businesses but may also pose a public
safety risk. As such, it is imperative to ensure the integrity of
these systems, and surge protection is an important part of
that safeguard.

E m
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2017 NEC - 670.6

Industrial Machinery

» Article 670.6 addresses industrial equipment
with safety interlock circuits. It states that
“industrial machinery with safety interlock
circuits shall have surge protection installed.”

 The concern is that electrical surges may
cause the interlocks to fail independent of the
machine operation. This could pose a
significant safety risk for operators, as the
intended safety mechanisms may be disabled
unbeknownst to the operator.

E.-T-N
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2017 NEC - 695.15

Fire Pumps

* 695.15 — “A listed surge protection device shall be installed in or
on the fire pump.”

« A study conducted by the NFPA Fire Protection Research
Foundation concluded that 12% of fire pumps tested had damage
due to surge activity. Surge can damage motor windings and
pump controls leaving critical equipment vulnerable during an
critical emergency.

TN
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Photo courtesy of National Grid

Medlum Voltage Lightning Arrestors

EF.T-N
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So What Is a Surge Arrester?

» Surge Arresters

» “A protective device for limiting
voltage on equipment....”

* |[nsurance
« CANNOT stop current but can
only divert it
« MOV Arrester: An arrester
containing Metal Oxide
Varistor elements that limit the
voltage during a surge

« Same concept as LV Surge
Protection Devices

s Vividank
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MOV Disk Design

« Material -- ZnQO, bismuth, antimony, silver,
Poly-vinyl-alcohal, ...... 90% ZnO

* 40 Million grains/disk

E ‘T N
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MV Surge Protection Devices

| I
4 —HV I | |
[ | I I
L ¥ [ ]
R R [] FE]—‘ Zn0
& SA == C
c C e B
= = 1 1
Surge Arrester Surge Capacitor RC Snubber Protec Z

Figure 5.4-6. Surge Protection Devices

« Surge Arrestors — limit the magnitude of surge
overvoltage.

m
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MV Surge Protection Devices

<

Surge Arrester

1 C

<

Surge Capacitor

R

RC Snubber

a] ,&m

Cr"‘-u.
ale

Protec Z

Figure 5.4-6. Surge Protection Devices

« Surge Capacitors — limit the rate of rise of
surge overvoltage to protect turn-to-turn
insulation of transformers and rotating
equipment.

E-T-N
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MV Surge Protection Devices

n I
4 —HV I | |
[ [ | |
[ [ L4
R R [] FE]—‘ ZnO
& SA == C
c C e B
1 1 L 1
Surge Arrester Surge Capacitor RC Snubber Protec Z

Figure 5.4-6. Surge Protection Devices

* RC Snubber — limits the reflection and magnitude of
traveling waves of high frequency switching transients.
R matched to surge impedance of the cables (=20-30Q)).

Capacitor has very low impedance to high frequency.
1

L. . =
E:'[-I\g e amf )

s Vividank
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MV Surge Protection Devices

| I
4 —HV I | |
| | I I
L ] L ] L
: a] ,&m
& SA == C
c C e B
1 1 L 1
Surge Arrester Surge Capacitor RC Snubber Protec Z

Figure 5.4-6. Surge Protection Devices

* Protect Z Snubber — adds a metal-oxide non-linear
arrester to limit the peak amplitude of high frequency
switching transients. (NOTE: For lightning protection,
a standard surge arrestor is still required.)

My Pus
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BIL

« Basic Insulation Level — Rating of the insulation level
of a piece of equipment.

 Lightning arresters are coordinated with standard
electrical equipment insulation levels (BIL) so that they
will protect the insulation against lightning induced
over voltages.

 This coordination is obtained by having an arrester
that will discharge at a lower voltage level than the
voltage required to break down the electrical
equipment insulation.

« Surge capacitors can also be used to reduce the

steepness of the wave fronts (dV/dT)
E;T.N 56
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Types of Arresters

« Classes defined by:
* Voltage rating

* Protective characteristics
 Pressure Relief

* https://www.nemaarresters.org/understandi

ng-arresters/

.1°N
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ANSI Arrester Classifications

e Station - 3 to 360kV

* |Intermediate - 2 to 120kV

* Distribution - 1 to 36kV

E-T-N
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Station Class Arresters

Station Class

« Should be used where there are high fault currents and
significant energy required to be absorbed due to switching
surges

« Offer the lowest discharge voltages of all arresters

* Have pressure relief

« Largest and most expensive class of arrester

* Primarily used to protect large substations (>20MVA)

Intermediate Class

« Offer the second lowest discharge voltages available
* Have pressure relief

* Primarily used to protect medium to large substations (5 -

20MVA)
E-T°N
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Distribution Class Arresters

* No pressure relief
* 1kV to 36KV ratings

* Applied on riser poles or in
gear

\
'
F-T-N
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Arrester Datasheet Characteristics

Protective Characteristics

Front-of- Maximum Discharge Voltage
Miminum Wawve B20 ps Current Wave Maximurm
Arrester &l Hz Protective (kV crest) 1.2/50 p=
Rating MOV Sparkover Level® Sparkover
(kW) (kW) |JikV crest™2])| (kY crest) 0.5 kA 1.5 k& 3 kA 5 ki 10 ks 20 kA (kW crest)
) 785 135 25 RIZBE 195 212 238 247 285 333 242
10 84 1510 27 1/30.0 205 223 250 260 300 350 55
12 102 1810 355395 250 270 2B 34 368 432 A3
15 127 25 37 B0 0.0 Nna a3r 362 40 4 445 360
18 153 arn 48 8593 dz 8 402 44 .4 458 404 B0.5 42 8
M 170 NL 60.1/65.3 394 443 438 815 Gd.4 BE.6 513
4 185 360 644700 441 473 51T 552 60T 4.4 550
ar 220 405 0730 438 54.0 ST 62 8 734 852 625

* First number is the value of the sparkover of the gap assembly based on a wave rising 100 kV per ps per 12 k¥ of arrester rating.
Second number i3 based on & kA current impulss that results in a discharge voltege cresting in 0.5 ps

* The maximum RMS voltage that can be applied
between the terminals of the arrester before
conducting

« MCOV is Approximately 84% of the Arrester

Rated Voltage
E:I:N .
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Arrester Datasheet Characteristics

Protective Characteristics

Front-of- Maximum Discharge Voltage
Miminum Wawve B20 ps Current Wave Maximurm
Arrester &l Hz Protective (kV crest) 1.2/50 p=
Rating MOV Sparkover Level® Sparkover
(kW) L] (kW crest™2)| (kV crest) 0.5 kA 1.5 k& 3 kA 5 ki 10 ks 20 kA (kW crest)
) 785 135 25 RIZBE 195 212 238 AT 285 333 242
10 84 1510 27 1/30.0 205 223 250 260 300 350 55
12 102 1810 A55/305 250 270 2B 34 368 432 3
15 127 25 37 B0 0.0 Nna a3r 362 A0 445 360
18 153 arn 48 R503 s 8 402 44 4 458 404 B0.5 42
M 170 NL 60.1/65.3 394 443 438 815 Gd.4 BE.6 513
24 185 360 644700 441 473 51T 552 60T 4.4 550
ar 220 405 0730 438 54.0 ST 62 8 734 852 625
* First numbser iz the value of the sparkover of the gap sssembly based on 8 wave rising 100 KV per ps per 12 kY of arrester rating.
Second number i3 based on & kA current impulss that results in a discharge voltege cresting in 0.5 ps

* The voltage that appears across its terminals
when impulsed at the given lightning current

* This is the most important characteristic!
» Should be compared with equipment BIL
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Arrester Datasheet Characteristics

Protective Characteristics

Front-of- Maximum Discharge Voltage

Miminum Wawve B20 ps Current Wave Maximurm

Arrester &l Hz Protective (kV crest) 1.2/50 p=

Rating MOV Sparkover Level® Sparkover

(kW) L] (kW crest™2)| (kY crest) 0.5 kA 1.5 k& 3 kA 5 ki 10 ks 20 kA (kW crest)
) 785 135 25 RIZBE 195 M2 238 247 285 333 242
10 84 1510 27 1/30.0 205 223 250 260 300 350 255
12 102 1810 355395 250 270 2B 34 368 432 A3
15 127 25 37 B0 0.0 Nna aar 62 40.4 44 5 360
18 153 arn 48 8503 s 8 402 44 .4 468 404 B0.5 28
M 170 NL 60.1/65.3 334 44.3 4349 B15 hd 4 BE.6 51.3
24 185 360 644700 441 473 51T 552 60T 4.4 550
ar 220 405 F0aTa.0 438 54.0 ST 62 8 3d 2 625

* First numbser iz the value of the sparkover of the gap sssembly based on a wave rising 100 KV per ps per 12 kY of arrester rating.

Senond

number i3 based on 5 kA current impulss that results in a discharge voltage cresting in 0.5 pa.

* This is the discharge voltage at faster rising impulses
(1us rise time to 10kA)

» Characteristic of the second surge during a multistroke
lightning event
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Arrester Datasheet Characteristics

Table 4. Discharge Voltages - Maximum Guaranteed Protective Characteristics for Type AZEH Surge Arresters.

Front-of-Wave

Arrester Arrester Eg?r;ﬁﬂ\";?* Lightning Impulse Discharge Voltages (8/20 p sec. kV) 3:“?&22?;{}]}?&"% Discharge
rlf\}l:'lr%sl {rﬂﬁ?-xm 10 kA 1.5 kA 3 kA 5 kA 10 kA 20 kA 40 kA 500 A 1000 A 2000 A
3 2.55 9.4 1.2 16 78 8.3 83 11.0 6.5 6.8 =

B 5.10 184 144 15.0 15.4 16.3 18.1 212 13.0 135 -

9 7.65 715 216 225 230 243 28.9 31.4 195 20.3 =

10 8.40 302 237 247 25.3 267 294 344 214 223 -

12 10.2 J6.6 288 30.0 30.6 324 3b6 116 26.0 27.0 =

15 12.7 454 358 373 381 402 443 h1.6 324 33.96 -

* This is the discharge voltage at at slower rising

surges. (30/90)
« Characteristic of the surges caused by device

switching (breakers, reclosers, capacitors, etc.)
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Pressure Relief

Table 1. UltraSIL (US, UH, and UX)

 This is a measure of how oration-Class Ratings and
mUCh fault Cu rrent Can ﬂOW Arrester Charat-:teristic Rating
. Arrester Voltage Ratings (KV) 3-240
through the arrester after it _ _ ~ MDCL-
. . Cantilever Strength (in-lbs) Ultimate Static**
is failed for what ever US (3-108 kV) 15000 6,000
reason. HQ{%}E%V}M 20,000 8,000
¢ ils, ali 0. 35000 14,000
As an arrestor fails, a line to U k)
round arc occurs whic Rated Discharge Energy Single Impulse
g d h h (kJ/kV of MCOV) Rati
. . . 0 ating
bU|Id§ pressure inside the US G108 1 =5
housing R
* The arrester acts like a short UX (3-108 KV) s
circuit and must be able to Lol U
. . H|gh Current 100
remain in tact while system Withstand" (kA)
fault current flows until an mpLlse Coesning 10
I P Relief Rati
overcurrent device operates. aSure Helct Hating 63
—SysterrFrequeney-tHzy——56/66

* High current, short duration withstand (100 kA, 4/10 ps)

** Maximum design cantilever load—static or maximum working load is
40% of the ultimate.
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Pressure Relief Rating

 Distribution arresters are generally rated
20kA for 6 - 12 cycles

* |ntermediate = 40kA
o Station = 63kA to 80kA

For a given application, the arrester selected should have a pressure
relief/fault current capability greater than the maximum short-circuit
current available at the intended arrester location.
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Deadfront Underground Systems
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Deadfront Underground Systems

A Parking Stand Arresters

s Vividank
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Deadfront Underground Systems

Piggyback Arresters
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Wildlife Protection

* Can fit any standard arrester
* Retrofittable in the field

- Added in the field while
energized to avoid
downtime

« Can be installed with
hotstick

+ Discourages wildlife perching

Line terminal guard
Part number: AV698X1C

p—"

Ground terminal guard

The line terminal and ground Part number: AV731X1C

terminal wildlife protectors are
shown here with the UltraSIL
polymer housed Evolution™
surge arrester.
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