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KEY TAKEAWAYS

» The existing single-pulse | testis inadequate to assess robustness or safety.

» Increasing the kA of a single-pulse test will not give an accurate representation of MOV-type

surge protective device (SPD) responses to multi-pulse lightning flashes.

» Service entrances where ANSI/UL 1449 Listed SPDs are installed are not typically exposed to
10 kA impulses.
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INTRODUCTION

ANSI/UL 1449 represents a widely recognized standard delineating requirements for Surge Protective
Devices (SPDs) deployed in electrical applications. This benchmark standard plays a significant role in
the testing and certification of SPDs. Nonetheless, there exists an imperative need to revise the existing
standard to better align with an expanding knowledge base of the surge environment and evolving

technologies.

For public safety, it is imperative to conduct a diligent assessment of misconceptions that exist in the

current zeitgeist of surge protective devices.

Important Note: The |_test currently consists of 15 single impulses (<50 millionths of a second in
duration) at either 3kA, 5kA, 10kA, or 20kA. Single impulses are injected into the SPD one minute
apart from each other (+/- 15 seconds). For the purposes of this document, this is referred to as the
“single-pulse | test” The | test does not test an SPDs ability to withstand temporary overvoltage

(TOV) or several conditions representing the overwhelming majority of SPD failure modes.

Read Part One of Common Misconceptions About SPDs at: www.maxivolt.com/home/solutions
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MISCONCEPTION THREE: THE ANSI/UL 1449
NOMINAL DISCHARGE CURRENT TEST ALREADY
CONSIDERS MULTI-PULSE FLASHES

Given the well-established knowledge that multi-pulse flashes can cause unsafe SPD failures,'® one may
question why the current version of ANSI/UL 1449 does not already include multi-pulse testing to ensure
SPD safety. The late Al Martin provided a possible explanation B! by quoting the 1976 work of Bodle et al.,

who stated:

“For design tests of the lightning withstand capability of plant items and associated
equipment, both in the communication and power industries, a single large impulse is
employed. This is an ‘equivalency’ type of test dictated by practical test considerations.
Experience has indicated, however, that this is an acceptable simulation of actual field

exposure, which includes multiple component strokes.”
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of low-voltage, metal oxide
varistor (MOV)-type SPDs, it is

clear this approach is inadequate and puts users at risk. 3!

Figure 10: Example of temperature rise for a 25 mm MOV subjected to two 6 kA Ip surges !
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The modern generation of low-voltage SPDs predominantly utilizes clamping components such as MOVs.
It is well known these clamping SPDs have lower current handling capabilities when compared to SPDs
utilizing switching components like gas tubes and thyristors. While the existing | test could have been
adequate when switching-type SPDs dominated the transient voltage mitigation market, this is no longer

the case with the proliferation of low-voltage, MOV-type SPDs. !

Figure 11: The waveform of the multi-stroke with 5 pulse
with 50 ms interval !

In a world where clamping SPDs dominate, the existing single-pulse | testis inadequate to assess
robustness or safety. This inadequacy is validated by empirical data, such as a study ® where half of the
MOV samples subjected to a multi-pulse burst of 8/20 surges at rated current showed damage, while the
other half tested with a single 8/20 surge at rated current repeated at intervals of 60 seconds or more
showed no damage. ™ Furthermore, in another test, Rousseau et al. ! found that a MOV subjected to sixty
20 kA 8/20 surges spaced 60 seconds apart did not fail, but the same MOV subjected to as few as five 20
kA 8/20 surges spaced 50 ms apart did fail.
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(@ (b) ()
Figure 7. The appearance state diagram of the ZnO varistors before and after the multiple lightning impulse cur-
rents. (a) The state diagram of Sample A2 before impulses; (b) Damage state diagram of Sample A2; (c) Damage
diagrams of Samples A1 to A4. ]

But why does an ANSI/UL 1449 Listed SPD, even those with 20 kA | , fail when exposed to multi-pulse

flashes (even with impulse currents as low as 1.64 kA)? ['°]

Multi-pulse lightning flashes generally consist of three to five impulses with time durations between each
impulse of 15 ms to 150 ms. 23} 124/ Many of these flashes also have a long continuing current with an
interstroke interval as large as several hundreds of milliseconds. ™ When impulse current passes through an
MOV milliseconds apart, heat accumulation can lead to a potentially destructive uneven temperature rise
which is what is missed when relying on a single-pulse test that allows the SPD to cool for =60 seconds

between |mpu Ises' [31.[6],[7], [8], [9], [10], [19]

A single-pulse test, regardless of its current level, does not accurately represent the amount of energy
an SPD has to dissipate in such a short period of time when subjected to a multi-pulse flash. In other
words, increasing the kA of a single-pulse test will not give an accurate representation of MOV-type SPD

responses to multi-pulse flashes.
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MISCONCEPTION FOUR: THE SERVICE ENTRANCE
IS TYPICALLY EXPOSED TO 10kA IMPULSES

Modern lightning studies show utility distribution arresters are rarely exposed to lightning surges exceeding

5 kA. 24 Therefore, it is illogical to state that service entrances where ANSI/UL 1449 Listed SPDs are

installed are “typically” exposed to 10 kA impulses.

Primary Wires 12,000V

kA Service Entrance Exposure
I =V/R

| = 12,000 Volts / 10 Ohms

|, =1,200 Amps or 1.2kA
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Table 3-15. Cumulative Summary of Arrester Discharge Currents

(Measured at four utility Field Sites over Six Years: All Strokes)

Current
Magnitude
(Amperes)

Number of Events Greater Than or Equal to the Current Magnitude

EPEB Chattanooga
(22 |I-LTRs] (Note 1}

PSCo. Denver
(24 1-LTRs) (Mote 1)

NMPC Little Falls
(211-LTRs} {Note 1)

FPC 5t. Petersburg
(70 1-LTRs} {Mote 1)

All Sites Combined

1,000

2,000

5,000
10,000
20,000

30,000

101

32

42

29

10

172
71
9
3
1
1
1 {Mote 3)

1]

Note 2

Note 2

20

16

5

Mote 2

Mote 2

43

21

Metes: 1, Mumber of active current measuring L TRS is always less that total L TRs installed
2. Weasuramenls belovw 1000 amperes were nol performad at Lhe FPC sile
3. This event was estmated to be 20kA

[24]

The Electric Power Research Institute (EPRI) conducted a six-year study to characterize lightning-caused

surges and damage occurring on utility distribution systems. This study was performed in two phases.

In Phase |, Lightning Transient Recorders were utilized to measure lightning surges on Florida Power

Corporation distribution feeders in St. Petersburg, Florida. Phase Il obtains a larger data set of lightning

surge waveshapes and compares the characteristics of lightning surges measured at several locations
throughout the United States (Chattanooga, TN, Denver, CO, and Little Falls, NY). At the completion of the

study, 1309 lightning surges were recorded. 2!

The study’s data showed most of the current surges have crest magnitudes less than 1 kA. Only about

13% of the measurable current surges had magnitudes greater than 1 kA and just six of the 1309 surges

exceeded 10 kA, demonstrating the rarity of such events. Knowing the amount of impedance these events

must overcome between the utility distribution system and the service entrance, 1?” this data demonstrates

how incorrect it is to say 10 kA is “typical” at a standard service entrance (see infographic on page 6).
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CONCLUSION

Because MOV-type SPDs dominate the market, the existing single-pulse | _test is inadequate to assess

robustness or safety as it does not account for heat accumulation within these devices that are caused by
multi-pulse lightning flashes spaced just milliseconds apart. Therefore, simply increasing the kA of a single-
pulse test will not give an accurate representation of MOV-type SPDs responses to multi-pulse flashes,

either.

Furthermore, utility distribution arresters are rarely exposed to lightning surges exceeding 5 KA. ?* Pairing
this knowledge with the impedance such events face to merely reach a service entrance prove that service

entrances where ANSI/UL 1449 Listed SPDs are installed are not typically exposed to 10 kA.

ABOUT MAXIVOLT

Established over three decades ago, Maxivolt is a pioneer in the power quality industry with over a
century of combined experience. Maxivolt manufactures specialized technology and provides value-added
services custom-tailored to extend the life and protect the operational integrity of electrical and electronic

equipment.

For more information, contact Maxivolt:
800-583-4773
info@maxivolt.com

www.maxilovt.com
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