
COMMON MISCONCEPTIONS ABOUT 
SURGE PROTECTIVE DEVICES 

PART ONE: NOMINAL DISCHARGE CURRENT RATINGS

KEY TAKEAWAYS
• Nominal Discharge Current Rating (In) tests are not based on normal operating conditions.

• In  ratings are not indicative of surge protective device (SPD) safety nor robustness.

• The vast majority of SPD failures occur due to temporary overvoltage (TOV) conditions, which 
the In test does not address.

• To pass the In test, manufacturers must coordinate disconnect mechanisms to a degree that 
could preclude safe disconnection when subject to multi-pulse flashes and TOV events.
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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.
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MISCONCEPTION ONE: NOMINAL DISCHARGE 
CURRENT RATING TESTS ARE BASED ON 
NORMAL OPERATING CONDITIONS
In the context of ANSI/UL 1449, the term “Nominal Discharge Current Rating” often causes confusion due 
to many people misinterpreting the term ‘nominal’ to mean ‘normal’. While the two words have distinct 
meanings, they are often mistaken for one another due to their close phonetic resemblance, leading to 
misunderstandings in technical discussions and product evaluations. Adding to this confusion is the fact 
that both words are commonly used in the field of electrical engineering including within ANSI/UL 1449 
itself. This confusion leads some to believe the test waveforms utilized in the “Nominal Discharge Current 
Rating” test are normal or common when in fact they are abnormal and uncommon.

The term ‘nominal’ in “Nominal Discharge Current Rating” actually means ‘designated’ or ‘specified’.

The term ‘normal’ in the context of electrical engineering and standards refers to a system or device’s 
expected or typical operational state. It is used to describe regular operating conditions without the 
presence of abnormal or exceptional events, such as surges or faults. The “Nominal Discharge Current 
Rating” assessment, denoted as In, subjects an SPD to abnormal events.

NOMINAL = NORMAL
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MISCONCEPTION TWO: SPDs WITH HIGHER 
IN RATINGS ARE MORE ROBUST, THEREFORE 
THESE RATINGS ARE INDICATIVE OF SPD SAFETY
A cursory examination of comments [12] made 
by representatives of SPD manufacturers 
on this matter during the Technical Meeting 
of the 2023 NFPA 70 NEC held in June 2022 
reveals the widespread prevalence of this 
fallacy and its propagation. 

“The testing (In) also shows the 
product reliability, and continued 

performance after being 
subjected to surge events.” 

“The nominal discharge current 
demonstrates the product 
reliability and longevity.”

“This requirement increases 
the longevity of these 
protection devices…” 

“These (In rating) are 
here for safety.” 

“It’s (In rating) 
transparency for what 

you’re getting.” 

The parties accountable for formulating these statements have neglected to consider the failure 
mechanisms of Metal Oxide Varistor (MOV) type SPDs triggered by temporary overvoltage (TOV) and/or 
multiple-pulse lightning flashes as well as numerous other causes of SPD failure.
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MULTI-PULSE LIGHTNING FLASHES
As per the findings of CIGRE, ≈ 90% of global cloud-
to-ground lightning is comprised of downward 
negative flashes. [1] The organization further states 
≈ 80% of negative flashes manifest as multi-pulse 
events, [1] implying the preponderance of lightning 
flashes encountered by SPDs in practical settings 
involve multiple pulses, rather than solitary ones. [5], 

[6], [7], [8], [13], [19] In addition, long continuing currents are 
present in roughly 30-50% of all negative cloud-to-
ground flashes creating another issue of significant 
apprehension for MOV-type SPDs. [1], [3], [5] 

A plethora of papers have been published examining the behavior of MOV-type utility distribution surge 
arresters under the influence of multi-pulse lightning flashes. [13], [14], [15], [16], [17] When exposed to multi-
pulse flashes, the collective research indicates 10 kA In rated utility arresters have a higher probability of 
preventing undesirable failures that could potentially endanger safety than their 5 kA In counterparts. [5], [13], 

[15], [16] 

Consequently, some assume this “higher is better” principle applies to low-voltage SPDs equipped with 
much smaller MOVs. [12] However, it should be noted this assumption does not invariably hold true. 

≈80%
OF NEGATIVE FLASHES
MANIFEST AS 
MULTI-PULSE EVENTS [1]
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A considerable number of papers have highlighted ANSI/UL 1449 Listed SPDs, some bearing the highest 
In rating available, have demonstrated unsafe failure [6], [7], [8], [9], [10], [19] in laboratory and field tests when 
exposed to multi-pulse flashes. MOVs are readily damaged by multi-pulse currents of magnitudes below 
their single-impulse current ratings. [10], [18] The measured currents related to these failures have been 
documented as low as 1.64 kA [19] and 1.67 kA. [10] The authors of these studies have characterized the SPD 
failures as “shattering-induced destruction”, “catch fire”, [19] “obvious burns”, [10] “evident burns”, and 
“destructive temperature rise”. The research further suggests MOV-type SPDs are prone to damage from 
currents as low as 35% of their In rating when subjected to multi-pulse flashes. [18] 

Unlike MOV-type surge arresters utilized in utility distribution, the information gathered infers a low-
voltage, MOV-type SPD’s robustness cannot be correlated to the device’s In rating. Rather, it appears the 
existing In test could inadvertently be permitting hazardous SPDs to enter the market. In order to pass the 
ANSI/UL 1449 In rating test, manufacturers are required to coordinate their disconnect mechanisms to a 
degree that can preclude safe disconnection when confronted with multi-pulse events. Since the ANSI/
UL 1449 In test forbids SPDs from disconnecting, some manufacturers use a disconnect method that has 
shown to be incapable of responding appropriately to multi-pulse flashes. [6], [7], [8], [9], [10], [19] 

Figure 7 Failure modes of ZnO varistor under multi-pulse applied load. [19]

(a) Before impact damage, 
(b) after impact damage and 
explosion 
Figure 5 Surface temperature rise 
distribution of ZnO varistor. [19]
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TEMPORARY OVERVOLTAGE
It is well documented a protracted TOV can cause a MOV to enter into a thermal runaway and fail 
catastrophically. [22] 

Due to the wide variability of TOV events in both time duration and voltage, it is helpful to create categories 
of TOV events for discussion purposes. Mandoor and Martzloff introduced useful categories in their IEEE 
paper titled, The Dilemma of Surge Protection vs. Overvoltage Scenarios. [20] 

They are as follows: 

Moderate TOVs  
Associated with power system faults, such as a line-to-earth fault in 
a three-phase system, creating a 1.73 times normal line voltage in the 
other phases. 

Double voltage TOVs 
Associated with the loss of neutral in a single-phase, three-
conductor, earthed center-tap system such as the 120/240 V 
service typical of North American systems. 

Extreme TOVs 
Associated with the commingling scenario (accidental fall 
of conductors of a higher voltage upon conductors of a 
lesser voltage). No conventional, varistor-only SPD can be 
expected to survive such a scenario. 
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Figure 3 Failure mode of 20 kA In rated thermally protected MOV 
under 480 VAC, 5 kA TOV condition.

A review of the existing UL 1449 testing protocols 
shows a blindspot in testing the safe disconnection 
for “Extreme” TOV categories. With the number 
of severe weather events expected to increase 
[21] that are known to cause “Extreme” TOV 
events, coupled with the rapid adoption of SPD 
requirements in the NEC, SPDs will be interacting 
with more TOV events in the field. Due to the 
lack of appropriate TOV testing in UL1449 for 
“Extreme” TOV, designers of SPDs may possibly 
omit consideration for TOV failure modes from 
their designs. [20], [22], [26] 

Once again, it appears the existing In test is 
inadvertently allowing hazardous SPDs to enter the market, similar to the case with multi-pulse events. 
SPD designers must coordinate their disconnect mechanisms to pass the ANSI/UL 1449 In test, which can 
hinder safe disconnection when faced with “extreme” TOV events.
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CONCLUSION 
It is self-evident that In tests are not based on normal operating conditions, as the vast majority of SPD 
failures occur due to temporary overvoltage (TOV) conditions and multi-pulse lightning flashes, which 
these tests do not address.  The data presented on SPD interactions with both TOV and multi-pulse events 
conclusively demonstrates relying on the In rating as a measure of robustness for low-voltage SPDs is an 
erroneous approach and should be abandoned. 

Moreover, to pass the In test, manufacturers must coordinate disconnect mechanisms to a degree that 
could preclude safe disconnection when subject to TOV events and multi-pulse lightning flashes. The 
existing version of ANSI/UL 1449 appears to have a safety oversight since its testing protocol fails to 
consider the unacceptable failure conditions resulting from the most frequently occurring form of lightning 
flashes as well as commonly occurring TOV events. 

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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