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ABSTRACT Previous test results demonstrated that some presently-marketed residential branch-circuit
breaker brands have a double-digit defect rate. The defective breakers do not trip as required at 135% of
rated current. The unique test results reported in this article clearly show that these calibration defects cannot
be reliably detected by testing at 200% or 300% of rated current. One hundred defective breakers of three
brands from the previous tests are retested. They all fail to trip at 135% of rated current, confirming that
they are defective. The defective breakers then all pass the UL489 calibration test at 200% of rated current
(must trip within 120 s), and they all also pass the NEMA AB4 calibration test at 300% of rated current
(must trip within 50 s). These higher-current tests have a 100% error rate for detection of these improperly
calibrated breakers. This explains how defective breakers come to be shipped from some factories. For some
residential branch circuit breaker brands, ineffective testing - relying only on high-current calibration testing
- has allowed defective breakers into the supply chain for many decades, increasing the risk of fire and injury
for occupants of the buildings in which they are installed.

INDEX TERMS Breaker, calibration, circuit, data, defect, electrical, failure, fire, method, quality control,

residential, results, risk, safety, test.

I. INTRODUCTION

Circuit breakers that trip (open the circuit) properly are
crucial for achieving electrical fire safety in homes. The
applicable standard requires that they trip at 135% of rated
current. This article examines the question of whether or not
calibration testing only at current substantially higher than
135% of a breaker’s current rating can be effectively used by
manufacturers for quality control of residential branch circuit
breakers.

That question arises because previously-published test
results have shown that defective circuit breakers, which fail
to trip as required at 135% of rated current, have been shipped
from certain factories and installed in homes, increasing the
risk of fire and injury. This is a substantive electrical fire
safety issue.

The performance standards that apply in the United States
and Canada are UL489 and its Canadian equivalent CSA
C22.2 NO. 5-16 [1], [2]. Both require breakers to “trip” (open
the circuit) at 135% of rated current within one hour, and not
trip at 100% of rated current, under specified conditions of
breaker mounting and ambient temperature. Breakers that do
not trip within one hour at the upper limit of 135% of rated

current under those conditions are defective - they fail to meet
the standard trip current calibration requirement.

Substandard breakers would be shipped by a manufacturer
only if; they are not tested, test results are ignored, or if
the calibration test is not effective. The experimental results
presented in this paper address the third aspect, determining
whether or not proper tripping of a breaker at 135% of rated
current can be reliably inferred from calibration testing at
higher current. Some manufacturers are calibrating properly
and testing effectively. Others are not. Those that are not
may be relying on ineffective calibration testing at a current
substantially higher than 135% of the breakers’ rating.

A. BACKGROUND AND LITERATURE SURVEY

The scope and long-term persistence of this electrical fire
safety problem is demonstrated by a combination of docu-
mentation and test results. The earliest available indication of
defective circuit protection equipment being shipped to mar-
ket dates to the mid-1950’s, about seventy years ago, at about
the time that circuit breakers displaced fuses in the market for
residential branch circuit overcurrent protection in new con-
struction. Underwriters Laboratories Inc. (UL) brought legal

© 2026 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see

VOLUME 7, 2026

https://creativecommons.org/licenses/by-nc-nd/4.0/

389


https://orcid.org/0000-0002-5387-1286

ARONSTEIN: INEFFECTIVE CALIBRATION TESTING OF RESIDENTIAL BRANCH CIRCUIT BREAKERS

action against its own client, a circuit breaker manufacturer,
to force it to stop shipping products that did not actually meet
UL standards and to stop applying UL labels to products
that were not UL listed [3]. That particular manufacturer’s
breakers are hereafter referred to as “Brand X to comply with
IEEE editorial rules that restrict the use of actual brand names.

Reference [3] is a legal document, not a research pa-
per. With few exceptions, there are no publicly-accessible
documents and reports with actual data on the calibration per-
formance of residential circuit breakers marketed in the USA
and Canada. The manufacturers consider their calibration test
practices and data to be confidential and proprietary - not for
public release. That also applies to the sampling procedures
and test results of entities such as UL that the manufacturers
contract with to certify that their breakers meet the applicable
standard. Nevertheless, some performance data and quality
control information has come to light as a result of lawsuits
and government agency actions.

In 1978, E.W. Krawiec, an engineer at the U.S. Consumer
Product Safety Commission (CPSC), tested 41 brand-new
Brand X residential breakers. He found that 28% of the single-
pole breakers and 74% of the double-pole breakers were
improperly calibrated, they failed to trip at 135% of rating [4].
These test results were not released to the public.

In 1979, it was reported at an industry association commit-
tee meeting that UL tested 55 residential breakers of various
brands that were purchased from distributors [5]. The result
of the calibration testing was that 5 of the breakers (9%)
failed to trip as required at 135% of rated current. Only two
of the samples tested met the full requirements of the UL489
standard.

Up to that time, electricians, electrical inspectors, engi-
neers, property owners and occupants were generally not
aware that there were any substandard breaker brands. That
changed in 1980 when a civil lawsuit involving corporate ac-
quisitions resulted in public disclosure that the manufacturer
of Brand X breakers had employed improper testing practices
and shipped substandard breakers [6]. Reference [6] is one
of many newspaper and trade journal articles that reported on
this matter. However, none of the articles provide quantita-
tive performance data or descriptive details of the company’s
calibration testing procedures. That information was later doc-
umented in the legal proceedings of the lawsuit, but it was not
released to the public, and the court records were sealed when
the litigation was settled.

At the same time, 1980, the CPSC started a formal inves-
tigation of the Brand X full-width double-pole breakers. The
agency retained Wright-Malta Corp. to develop performance
data for Brand X full-width double-pole breakers, both new
and “used” (previously installed in houses), before and after
repeated mechanical (toggle ON/OFF) operations. The results
for the 122 breakers that were tested show that 51% failed to
trip as required at 135% of rated current and 10% of the total
sample jammed and would not trip at all when tested at 200%
of rating and higher on only one of the two poles [7].
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The CPSC investigation was limited to the full-size
two-pole breaker. No other types of Brand X residential
breakers were tested at that time. The manufacturer initially
cooperated with the CPSC toward a recall, then changed its
position and opposed a recall, claiming that there was no fire
hazard associated with their defective breakers. Faced with a
budget-breaking legal battle that would be required to force
the manufacturer to recall the breakers, the agency abandoned
its effort in 1983, issuing an ambiguous press release that
could be interpreted to indicate either that the agency did or
did not find an abnormal fire risk associated with the defective
breakers [8].

The Brand X matter cast a shadow of doubt on the integrity
of the residential circuit breaker industry. In response, in 1982,
UL engineer R. Eckert wrote an article for a trade magazine
on the results of in-situ calibration tests of 266 breakers that
had been installed in homes for 10 or more years [9]. The
article states that the breakers performed well, but the data
that it presents contradicts that conclusion. Three of the six
breaker brands tested had one or more breaker that failed
to trip at 135% of rated current. For breakers identified as
manufacturer A in the article, 11 out of 128 (8.6%) failed
to trip at 135% of rated current. Eight of the twelve homes
(67%) with manufacturer A breakers installed had at least one
defective breaker. Only six breakers of manufacturer D were
tested, all in one home. Two of them failed to trip at 135% and
one of those also failed to trip at 200% of rated current. All
other breakers that did not trip at 135% subsequently tripped
when tested at 200% of rated current. The author of the article,
reflecting UL’s position, implied that the breakers that failed
to trip as required at 135% of rated current were nevertheless
acceptable if they met the 200% calibration test requirement.

It is important to note that Eckert [9] states that the project
was undertaken because no test data existed (in about 1979)
for the calibration performance of residential breakers that
were actually installed in homes. For more than 25 years
thereafter it stood as the only published calibration test results
for residential circuit breakers marketed in the U.S.

In 1999, D.J. Friedman, who had been the technical director
for the American Society of Home Inspectors requested that
J. Aronstein (the author of this article) provide calibration test
results for Brand X breakers to substantiate home inspectors’
recommendations that they be replaced. This had become
a contentious issue. Home inspectors increasingly identified
Brand X breakers as a latent defect in homes being sold. The
manufacturer, still a legal entity at the time but no longer
producing any products, threatened to take legal action against
inspectors who did so.

The test results that Friedman requested were known to
exist, but public release was forbidden by confidentiality
restrictions of the litigation in which the data had been
disclosed. Aronstein and Friedman initiated an independent
specimen collection and testing project from which the result-
ing data and conclusions could be released to the public for
use by homeowners, inspectors, and others so that decisions
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FIGURE 1. Calibration test results for a set of Brand X type circuit breakers.

and actions could be based on test data rather than opinions.
On his website (inspectapedia.com), Friedman solicited the
donation of full sets of Brand X breakers for testing from
homes where they were being replaced due to safety concerns
or the need to expand capacity.

From time to time, sets of breakers were received from
homeowners and electricians across the USA. Some were
also received from Canada. These were primarily branch cir-
cuit breakers, single and double pole, rated at 15 through
60 A. They were inspected for signs of damage (mechan-
ical/electrical/corrosion). Damaged samples were discarded.
Undamaged breakers were calibration tested with current that
ramps up slowly for one hour from 100% of rating to 135%,
holding at 135% for an hour, and then continuing the ramp to
200% of rating. The current at which a breaker trips is taken
as its calibration point. Breakers that do not trip by the end of
the one hour at 135% are defective.

An example of calibration test results for a set of donated
breakers is shown in Fig. 1. The set was removed from panels
in a house and adjacent utility building on Salt Spring Island,
BC, Canada. The breakers, all manufactured after 2000, are
essentially identical to Brand X, but they were produced in
Canada and sold under a different Brand name.

The arithmetic mean trip point for this set is 134% of
current rating, and 38% of the breakers failed to meet the
135% calibration requirement. The worst-case breaker in the
set tripped at 167% of its current rating.

The first release of data from this independent testing
project was a report issued in 2007 that contained calibration
test data for 465 Brand X-type breakers, including results for
120 two-pole breakers showing a 35.5% calibration defect
rate and for 345 single-pole breakers with a 20.3% calibration
defect rate. That report has been updated from time to time
and presently includes data on 2615 Brand X breakers that
shows a 23% calibration defect rate for the combined total of
both single-pole and two-pole breakers [10]. Calibration test
results are also included in [10] for 622 breakers that are the
same design as Brand X, but marketed under different Brand
names. These Brand X equivalents demonstrated a combined
38% calibration failure rate.
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Although it has always been commonly agreed that improp-
erly calibrated breakers increased the risk of fire and injury,
there was no data or analysis available that quantified the
magnitude of the risk. Aronstein and R. Lowry developed a
method of estimating the fire loss due to defective Brand X
breakers and presented the work at the 2011 IEEE/IAS Elec-
trical Safety Conference [11]. The annual losses attributable
to the Brand X breaker defects were 116 injuries, 13 deaths,
and $40 million property loss. That peer-reviewed published
paper helped motivate the CPSC to clarify its ambiguous press
release so as to assure that it could no longer be interpreted to
mean that the agency found the Brand X breakers to be safe.

On the basis of anecdotal experience, some electricians
and inspectors questioned whether Brand X breakers were
the only ones with high defect rates. The independent test-
ing project was expanded to include other residential circuit
breaker brands. In 2018 Aronstein and D.W. Carrier published
the results of calibration tests on a broad spectrum of resi-
dential circuit breaker brands, both new and used (previously
installed in homes) [12]. A total of 12 brands of breakers
were tested to determine their actual calibration (the minimum
current at which they would trip) and whether or not they met
the standard requirement that they trip in one hour or less at
135% of rated current.

The used breakers tested for [12] were donated by electri-
cians from stocks of used breakers that they kept to install
as replacements when new breakers of the required type and
rating were not available. The used breakers came primarily
from panels that had been replaced when service capacity was
increased.

Half of the brands tested demonstrated double-digit failure
rates for the 135% calibration test. New samples were also
tested, purchased from retail sources, for six of the brands that
were still in production. Three of these six brands had similar
double-digit calibration failure rates for both their new break-
ers and those that had been in service in homes. That result
demonstrates that, for these three brands, the defective break-
ers from homes were defective when they were originally
purchased and installed. They did not deteriorate in service.

In 2023 Aronstein published calibration test data for newly-
purchased breakers of two brands [13]. The previous test
results on new samples, purchased four years earlier, pub-
lished in [12], showed no calibration failures for Brand 3
breakers and a 50% failure rate for Brand 11. The 2023 results
showed Brand 3 again with a zero-defect rate, while Brand 11
again had a double-digit defect rate, 28%. The manufacturer
of Brand 11 was still shipping improperly-calibrated breakers
into the distribution chain.

Reference [5], [7], and [9] through [13] are the only ones
available that provide data on calibration failure rates and/or
actual trip current for residential circuit breakers produced
for installation in the USA and Canada. These references,
from three sources: UL; CPSC; and independent—all agree,
in that they show a substantial calibration defect rate for some
breaker brands, both for new breakers purchased from the dis-
tribution chain and breakers that have been installed in homes.
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These test results have not been contested. No contradicting
data has been published.
For defective breakers to enter the distribution chain there
must be failure at three stages.
1) They must be improperly calibrated (adjusted) on the
manufacturing line.
2) The manufacturer’s quality control testing is ineffective
and does not screen out the defects.
3) Periodic oversight and/or testing by any certifying
agency, such as UL, is also ineffective.

B. CERTIFICATION AND TESTING

All of the presently-marketed brands of breakers previously
determined to have high defect rate were “listed” or “certified”
by a reputable Nationally Recognized Testing Laboratory
(NRTL), meaning that the particular breakers are included in
a list of acceptable equipment published by an NRTL. Each
residential breaker shipped from a factory for eventual instal-
lation is labeled by its manufacturer as being listed or certified
by that NRTL and meeting the performance requirements of
the applicable standard. That label is the manufacturer’s assur-
ance to electrical installers and inspectors that it conforms to
the applicable performance standard. But a substantial portion
of breakers of some brands do not actually meet the standard’s
135% trip requirement, indicating that those breakers are not
actually being tested at 135% of rating at any stage of the
manufacturing, quality control, or NRTL oversight process.
Testing at 135% of rating is a direct check as to whether or
not a breaker will trip at all at that allowable maximum trip
current for its rating.

If a breaker is calibrated (adjusted) to trip close to or at
the 135% upper current limit, the test can take up to an hour
to reveal whether it does or does not actually comply with
that requirement. To reduce test time and cost, higher cur-
rent testing is often employed, for instance using the UL489
calibration test at 200% of rated current or a calibration test
at 300% of rated current. The 300% calibration test is sug-
gested by the National Electrical Manufacturers Association
(NEMA) in its NEMA AB-4 standard practice to determine
whether previously-installed breakers are properly calibrated
and can be put back into service [14]. The NEMA test is
considered here because it may be employed by some man-
ufacturers and also may be employed by companies that
“recertify” and sell used breakers of obsolete and hard-to-find
types for use in existing installations.

Underlying the reliance on higher (than 135%) testing is
faith in the manufacturer’s published current-time (C-T) trip
curve, which depicts the required envelope of performance
of the breakers. Fig. 2 shows a representative C-T curve for
residential branch circuit breakers.

The shaded area in the curve depicts the limits for time
to trip at any given multiple of a breaker’s rated current. At
any given current, a vertical line intersects the shaded zone at
the minimum and maximum required trip time at that current.
The dashed line represents the 135% “must trip” upper limit
specified by the applicable standards.
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FIGURE 2. Typical C-T curve for residential breakers.

The published C-T charts are essentially specifications, not
reflections of available test data for breakers that are in the
manufacturing lines or marketing distribution chain.

Some manufacturers and NRTLs apparently assume that if
a breaker performs within the boundaries of the C-T curve
at one current level, then it will (if tested) perform correctly
at any other current. In 1993, the former operations manager
of Brand X, the company that was proven to have shipped
defective breakers for several decades, stated that assumption
explicitly, saying that “the 200% (test) is chosen because it’s
a point on a curve, and if that falls in the proper range, then it
will meet the other points on the curve based on experience”
[15]. Tt is apparent that, for many years, some manufacturers
and NRTLs relied on testing at 200% of rating or higher
to judge whether breakers were properly calibrated. Perhaps
worse, it was recently reported that one manufacturer does not
test calibration of the finished breakers at all, relying instead
on a mechanical adjustment made before they are completely
assembled [16].

The question to be answered is whether, for residential
branch circuit breakers, time-to-trip testing at substantially
higher current accurately reflects a breaker’s calibration set-
ting - its minimum trip current. It did not in previous tests at
200% and 300% of rated current using a relatively small sam-
ple size of one Brand [13]. This present work was undertaken
to determine if the lack of correlation holds true for a larger
sample size across multiple brands.

Il. BREAKERS TESTED

One hundred defective breakers (single-pole and individual
poles of double-pole breakers) were retested. These particular
specimens had failed to trip at 135% of rating in previous
tests reported in [12] and [13]. They were all manufactured
between about 2006 and 2022. They are mostly single-pole,
rated 15 and 20 A. Three are rated 30A. Brand identification
numbers in this article are consistent with the identification
numbers in [12] and [13].

All of the defective Brand 13 breakers tested for this present
project are “new’”’, meaning that they were purchased off-the-
shelf and were never installed other than for the previous
calibration testing. The defective Brand 10 and Brand 15

VOLUME 7, 2026



IEEE Open Journal of

Industry Applications

INPUT
PROGRAM, l
SET PARAMETERS, CIRCUIT
BREAKER ID, BREAKER
CALIBRATE UNDER
L) CURRENT
TRANSDUCER
OMPUT DATA ACQUISITION
¢ En & CONTROL ADAPTER
DATA
SET
CONSTANT
l CURRENT CURRENT
POWER SUPPLY
QUTPUT
DATA PLOT

FIGURE 3. Test system.

T B
g> {“‘ L

TIME TO TRIP - SECONDS 2739 |

MAX. CURRENT 20.26 JFHO LO 16X1-16 0203724

wm nou\s
IT‘AETOTRI’ SECONDS 4903.1 I

MAX. CURRENT 2207 JFP‘O LO 16X1.08 01729724}

FIGURE 4. Representative Test Records. The test record on the left shows
the performance of an acceptable 15 A breaker that passes the UL489
135% calibration test, tripping within one hour at 20.25 A (that breaker is
not one of the samples employed in this article). The test record on the
right is for a 15 A breaker that fails the 135% test, eventually tripping at
22.07 A (147% of its rating).

breakers now tested include a mix of new and used breakers
(the “used” breakers were previously installed in buildings).

Each and every defective breaker in the sample set is
labeled (by its manufacturer) as being listed by a recog-
nized NRTL and meeting the applicable standard, which is
UL489 for Brand 10 and Brand 11, and CSA 22.2 No. 5-09
for Brand 15. The three brands, with high defect levels, are
each listed by a different NRTL.

1Il. EXPERIMENTAL METHOD

Each of the 100 sample breakers is first tested at 135% of
rating per UL489, then at 200% of rating per UL489, and,
finally, at 300% of rating per NEMA AB-4. The three tests
are performed on the breaker in that sequence, with a cooling
period between tests. There is no change in the physical setup
(mounting and wiring) during the test sequence for a given
breaker.

A low-voltage 100 A dc power supply is used in the
constant-current mode. The output current is programmed us-
ing a data acquisition and process control adapter mounted in
and controlled by the computer. A precision shunt and digital
voltmeter provide capability for independent verification of
test current and for calibration of the data acquisition system.
Fig. 3 is a block diagram of the test setup.

The history of each test is recorded as a screenshot of the
computer display window taken after the breaker trips to open
the circuit. The screenshot record has a chart of current versus
time along with digital meter displays of time-to-trip and max-
imum current during the test run. Fig. 4 shows representative
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FIGURE 6. NEMA AB-4 calibration test results for the same 100 defective
breaker shown above in Fig. 5. They all have failed the UL489 135%
calibration requirement but pass the NEMA AB-4300% time-to-trip
calibration test.

calibration test records for two 15 A breakers, one that passes
and one that fails the UL135% calibration test. The breaker
has tripped when the current drops to zero.

For breakers rated 15 A, as are those of Fig. 4, the applied
test current for the 135% test is 20.25 A. If the breaker has
not tripped by the end of one hour at 20.25 A, it has failed the
135% calibration requirement of UL489. The applied current
is then slowly ramped up in 0.1 A increments until the breaker
trips. That applied current is the minimum current that will
cause the breaker to trip under the standard test conditions.
For the defective breaker of Fig. 4 (test record on the right),
its minimum trip current is 22.07 A, which is 147% of its 15 A
rating.

The breaker on test is then allowed to cool prior to per-
forming the 200% and 300% calibration tests in sequence,
per UL489 and NEMA AB-4, respectively, again allowing the
breaker to cool between tests. Current for these tests is applied
as a step function and held constant until the breaker trips. The
test record for those tests is similar to the left-hand record of
Fig. 4, but with higher current and shorter time to trip.

IV. TEST RESULTS

After confirming that they are defective, because they do not
trip at 135% of rated current, all of the breakers passed both
the UL489 200% calibration test and the NEMA AB-4300%
calibration tests by a substantial margin. None of the 100
defective breakers was rejected by the higher-current tests.
The error rate for both the UL489 200% calibration test and
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the NEMA AB-4300% calibration tests is 100% in regard to
assuring that the tested breakers will trip as required at 135%
of current rating.

Figs. 5 and 6 show the test results for the 100 defective
breakers. The breakers were specifically selected for retest
because they had previously failed to meet the UL135% cal-
ibration test. All 100 of them again failed to trip within one
hour at 135% of rating. Their actual calibration, the mini-
mum trip current, ranged from 137% to 165% of rating. Their
data points therefore are all above the horizontal dashed line
depicting the allowable 135% maximum allowed by UL489.
They are all improperly calibrated.

The data shown in Figs. 5. and 6 is for the same specimens
and the same 135% test results. The difference is the current
applied to generate the time-to-trip data, namely 200% of
rating for the UL489 calibration test of Fig. 5 and 300% of
rating for the NEMA AB-4 calibration test of Fig. 6. Each
data point in these figures shows the results of two tests on
the same breaker, one to determine its minimum trip current
and the other to determine the time to trip at the specified
current level. The vertical dashed lines show the allowable
time to trip, which is 120 s for the UL489 test at 200%
and 50s for the NEMA AB-4 test at 300% of rating. None
of the 100 defective breakers were rejected by either of the
high-current tests.

V. DISCUSSION

A. FIRE SAFETY PROBLEM

Residential branch-circuit breakers are not tested for proper
calibration once they leave the factory. They remain installed
for an indefinite length of time, during which they are never
tested for their ability to actually trip as required at 135% of
rated current. The result is a sustained elevated risk of fire and
injury for the occupants of buildings in which defective circuit
breakers are installed.

The fire risk stems mainly from long-term cumulative
degradation of electrical insulation at elevated temperature
caused by excessive current. By design, in a code-conforming
installation with a properly calibrated circuit breaker, it is im-
possible to sustain a current overload considered to be unsafe.
The breaker trips to prevent that from happening.

But, if the breaker is not properly calibrated and its circuit is
subjected to periods of higher than rated current, the safe life
of the electrical insulators in the circuit (hours of operation
when carrying current) is substantially shortened. Insulation
deterioration can result in arc faults, which are reported to be
a major cause of electrical fires [17], [18].

The temperature rise of the current-carrying conductors and
components in a circuit is proportional to the current squared,
and the useful safe service life of most electrical insulating
materials is highly sensitive to temperature. The commonly-
accepted rule-of-thumb relationship, based on the Arrhenius
equation, is that the safe service life of an insulator is halved
for every 10 °C increase in temperature rise [19]. The result
is that it does not take very much overcurrent, in terms of
percentage of circuit (and circuit breaker) rating, to deteriorate
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an insulating material enough to create a potential fire hazard
sometime within the lifespan of a building.

An example demonstrating the sensitivity of insulation
life to breaker calibration (minimum trip current) for a
nonmetallic (NM) cable is provided in [13]. NM cable, also
known as “Romex,” is the most common type used for wiring
branch circuits in houses in the USA. For that particular ex-
ample, at the maximum sustained current for a breaker that
is calibrated to trip just under 135% of its rated current, the
expected life of the PVC insulation of the vertical NM cable
situated in a thermally insulated wall is 20% of its expected
safe life at 100% of rated current. If a breaker allows current
to be sustained at 165% of rating, as would the worst-case
defective breaker of those tested in this present investigation,
as seen in Figs. 5 and 6, then the safe life of that cable will be
reduced to about 4% of its expected life at rated current.

The flow of improperly-calibrated branch circuit breakers
into the distribution chain has persisted for at least 60 years.
In some instances, defective breakers were shipped as a result
of deliberate improper actions. Without documentation to the
contrary, however, it can be assumed that most of the defective
breakers have slipped through the safety net due to long-
standing acceptance and use of ineffective test procedures
that are rigorously performed by well-meaning employees of
the manufacturers and NRTLs. That would explain, at least
partially, why the calibration defect problem of some brands
has been around for so many decades without being noticed
and corrected.

The calibration defect problem extends to commercial trade
in used circuit breakers. This is a substantial and useful busi-
ness activity that provides obsolete types of breakers when
needed as replacements or for adding circuits in existing
panels. The calibration test recommended in NEMA AB-4,
at 300% of rated current, is commonly employed by sellers
of “recertified” used breakers. It has now been clearly estab-
lished that this test does not screen out improperly calibrated
breakers.

B. CORRECTIVE ACTIONS AT THE FACTORIES
It is up to the errant manufacturers to take appropriate action
to halt production of substandard breakers.

This is a straightforward manufacturing engineering
exercise. No new concepts are required. Given allowable
high (135% of rating) and low (100% of rating) limits
for a breaker’s trip current, determine what the particular
factory has to do to assure that every breaker shipped to the
market will reliably trip between those limits. This is not an
impossible task, as demonstrated by the fact that about half
of the manufacturers appear to have been doing it correctly
[12], [13]. It must be recognized that existing high current
test procedures at 200% or 300% of rating do not in any way
assure that breakers will trip properly at or below 135% as
required.

C. CORRECTIVE ACTION BY THE NRTLS
In the eyes of the people most at risk, namely the occupants
of the homes in which the defective breakers are installed,
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the NRTLs are the gatekeepers acting in the interest of public
safety. They have the obligation to detect calibration deficien-
cies and the authority and responsibility to act decisively to
halt the production and shipment of defective breakers.

Detecting calibration deficiencies requires effective inde-
pendent testing by the NRTLs on a statistically significant
number of random samples taken from both the production
lines and the distribution chain. The testing must include
breaker calibration at 135% of its current rating. That test
is effective, while testing at higher currents and assuming
correlation is not effective.

D. RECALL AND REPLACEMENT

Halting production of defective breakers would not allevi-
ate the safety exposure posed by defective breakers that are
already installed. Ideally, a recall and replacement program
should be implemented. At the minimum, property owners
and others should be informed as to the defect levels and
advised to have them replaced.

VI. CONCLUSION

The unique experimental results presented in this article help
explain why the flow of improperly calibrated branch circuit
breakers from some factories has persisted undetected and
uncorrected for decades. It is most likely due to the following
factors:

1) Defective breakers are produced when manufacturers
calibrate their breakers to trip close to the maximum
allowable current limit without providing an adequate
safety factor to allow for product variability.

2) These manufacturers and their respective NRTLs are
not testing for proper tripping at 135% of rated current.
If they were performing tests at that current, it would
have been statistically impossible for the double-digit
calibration defect problem to go unnoticed for so many
years. This is undeniable, since calibration testing at
135%, by definition, is certain to detect and reject the
defective breakers — those that fail to trip at 135%.

3) The errant manufacturers and their associated NRTLs
are most likely relying on time-to-trip testing at higher
current for checking calibration. The experimental
results presented above prove that testing at 200% or
300% of rated current (per UL489 or NEMA AB-4
respectively) does not identify breakers that will fail to
meet the standard requirement to trip at 135% of rated
current.

This present work unveils an underlying cause of a long-
standing breach of residential electrical fire safety protection.
Considering that double-digit calibration defect rates have
been demonstrated for no less than three currently-marketed
residential branch circuit breaker brands, each overseen by
a different NRTL, our present system of NRTL oversight of
this important safety device must be viewed as a failed ex-
periment. Electrical fire safety in millions of structures has
been compromised as a result. It is a life-safety issue worthy
of prompt and effective corrective action by industry and/or
government.
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