
This AFCI (the circuit breaker with 
the yellow label) is an older 
generation AFCI circuit breaker. The 
current (as of 2013) devices are 
referred to as "combination type" and 
usually appear with a green label.
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An Arc Fault Circuit Interrupter (AFCI) is a type of duplex receptacle or 
circuit breaker that breaks the circuit when it detects a dangerous electrical arc, in 
order to prevent electrical fires. An AFCI distinguishes between a harmless arc 
that occurs incidental to normal operation of switches, plugs and brushed motors 
and an undesirable arc that can occur, for example, in a lamp cord that has a 
broken conductor in the cord.

AFCI breakers have been required for circuits feeding electrical outlets in 
bedrooms of homes by the electrical codes of Canada and the United States since 
the beginning of the 21st century; since 2014, U.S. code has required them for 
outlets in most rooms in houses.

Arc faults in a home are one of the leading causes for electrical wiring fires. [1]

Each year in the United States, over 40,000 fires are attributed to home electrical 
wiring. These fires result in over 350 deaths and over 1,400 injuries each year. [2]

Conventional circuit breakers only respond to overloads and short circuits; so they 
do not protect against arcing conditions that produce erratic, and often reduced current. An AFCI is selective so that 
normal arcs do not cause it to trip. The AFCI circuitry continuously monitors the current and discriminates between 
normal and unwanted arcing conditions. Once an unwanted arcing condition is detected, the AFCI opens its internal 
contacts, thus de-energizing the circuit and reducing the potential for a fire to occur. [3]
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Electrical code requirements

Starting with the 1999 version of the National Electrical Code (NFPA 70) in the United States, and the 2002 version of 
the Canadian Electrical Code in Canada (CSA Standard C22.1), the national codes require AFCIs in all circuits that feed 
outlets in bedrooms of dwelling units. As of the 2014 version of the NEC, [4] combination type AFCI circuit breakers are 
required on all branch circuits supplying outlets or devices installed in dwelling unit kitchens, family rooms, dining 
rooms, living rooms, parlors, libraries, dens, bedrooms, sunrooms, recreation rooms, closets, hallways, laundry areas, or 
similar rooms or areas. They are also required in dormitory units. This requirement may be accomplished by using either 
a kind of circuit-breaker (defined by UL 1699) in the breaker panel that provides combined arc-fault and overcurrent 
protection or by using an OBC AFCI Receptacle for modifications/extensions, as replacement receptacles or in new 
construction. Not all United States jurisdictions have adopted the AFCI requirements of the NEC as written so it is 
important to check local Code requirements.



The AFCI is intended to prevent fire from arcs. AFCI circuit breakers are designed to meet one of two standards as 
specified by UL 1699: "branch" type or "combination" type (note: the Canadian Electrical Code uses different 
terminology but similar technical requirements). A branch type AFCI trips on 75 amperes of arcing current from the line 
wire to either the neutral or ground wire. A combination type adds series arcing detection to branch type performance. 
Combination type AFCIs trip on 5 amperes of series arcing.

The advanced electronics inside an AFCI breaker detect sudden bursts of electric current in milliseconds; long before a 
standard circuit breaker or fuse would trip. A "combination AFCI breaker" will provide protection against parallel arcing 
(line to neutral), series arcing (a loose, broken, or otherwise high resistance segment in a single line), ground arcing (from 
line, or neutral, to ground), overload protection and short circuit protection.

AFCI receptacles, specifically Outlet Branch Circuit (OBC) AFCI Receptacles, are an alternative solution to AFCI 
Breakers. These receptacles are designed to address the dangers associated with both types of potentially hazardous 
arcing – parallel and series. AFCI receptacles offer the benefit of localized TEST and RESET with these buttons located 
on the face of the device itself. This is very convenient and saves a trip to the breaker panel.

When installed as the first outlet on a branch circuit, AFCI receptacles provide series arc protection for the entire branch 
circuit. They also provide parallel arc protection for the branch circuit starting at the AFCI receptacle. Unlike AFCI 
breakers, AFCI receptacles may be used on any wiring system regardless of the panel.

OBC AFCI Receptacles contain electronic components within the device that constantly monitor a circuit for the 
presence of “normal” and “dangerous” arcing conditions. Based upon an established threshold in the sine wave, the AFCI 
can be triggered to quickly react and de-power a circuit if “dangerous” arcing is detected.

In 2002, the NEC removed the word "receptacle", leaving "outlets", with the effect that lights and other wired-in devices 
such as ceiling fans within bedrooms of dwellings were added to the requirement. The 2005 code made it clearer that all 
outlets must be protected despite discussion in the code-making panel about excluding bedroom smoke detectors from the 
requirement. "Outlets" as defined in the NEC includes receptacles, light fixtures and smoke alarms, amongst other things 
— basically, any point where electricity is used to power something is an outlet.

As of January 2008, only "combination type" AFCIs will meet the NEC requirement. The 2008 NEC requires the 
installation of combination-type AFCIs in all 15 and 20 ampere residential circuits with the exception of laundries, 
kitchens, bathrooms, garages and unfinished basements. The 2014 NEC adds kitchens and laundry rooms to the list of 
rooms requiring AFCI circuitry, as well as any "devices" (such as lighting) are to be protected in required areas as well. [5]

Limitations

AFCIs are designed to protect against fires caused by electrical arc faults. While the sensitivity of the AFCIs helps in the 
detection of arc faults, these breakers can also indicate false positives, identifying normal circuit behaviors as arc faults. 
For instance, lightning strikes provide voltage and current profiles that resemble arc faults. This nuisance tripping reduces 
the overall effectiveness of AFCIs. Research into advancements in this area is being pursued.[6]

Also, AFCIs provide no specific protection against "glowing" connections, excess current, high line voltages or low line 
voltages. AFCI circuit breakers for use in a panelboard include a standard inverse-time circuit breaker. Glowing 
connections occur when relatively high electric current exists in a relatively large resistance object. Heat comes from 
power dissipation. This energy, when dissipated in a small junction area, can generate temperatures above 1000 °C 
(1832 °F) and can ignite most flammable materials.[7]

Bad wiring junctions can occur in utilization equipment, cords or in-situ wiring and especially in a defective switch, 
socket, plug, wiring connection and even at the circuit breaker or fuse panels. Terminal screws loosened by vibration, 
improper tightening or other causes offer increased resistance to the current, with consequent heating and potential 
thermal creep, which will cause the termination to loosen further and exacerbate the heating effect. In North America, 
high resistance junctions are sometimes observed at the terminations of aluminum wire circuits, where oxidation has 
caused increased resistance, resulting in thermal creep. No technology located in a circuit breaker or fuse panel could 
detect a high-resistance wiring fault as no measurable characteristic exists that differentiates a glow fault from normal 



branch circuit operation. Power Fault Circuit Interrupters (PFCI) located in receptacles are designed to prevent fires 
caused by glowing connections in premise wiring or panels. From the receptacle a PFCI can detect the voltage drop when 
high current exists in a high resistance junction. In a properly designed and maintained circuit substantial voltage drops 
should never occur. Proper wire terminations inside utilization equipment, such as appliances, and cords prevent high-
resistance connections that could lead to fires.

An AFCI does not detect high line voltage due to an open neutral in a multiwire branch circuit. A multiwire branch 
circuit has both energized wires of a 120-240V split phase service. If the neutral is broken, devices connected from a 120 
V leg to the neutral may experience excess voltage, up to twice normal.

AFCIs do not detect low line voltage. Low line voltage can cause electro-mechanical relays to repeatedly turn off (relay 
opens) and on (relay closes again). If current is flowing through the load contacts it will cause arcing across the contacts 
when they open. The arcing can oxidize, pit and melt the contacts. This process can increase the contact resistance, 
superheat the relay and lead to fires. Power fault circuit interrupters are designed to prevent fires from low voltage across 
loads.

AFCIs are also known to be sensitive (false tripping) to the presence of radio frequency energy, especially within the 
High Frequency spectrum (3-30 MHz) to include legitimate CB and Amateur Radio operations operating under Federal 
License (FCC). Sensitivities and mitigations have been known dating back to 2013. [8]

Interference with power line networking

AFCIs may interfere with the operation of some power line communication technologies.[9]

External links

◾ Underwriters Labs summary on UL 1699 standard on AFCIs (http://ulstandardsinfonet.ul.com/scopes/1699.html)
◾ The Electrical Safety Foundation International on AFCIs (http://www.esfi.org/resource/arc-fault-circuit-interrupter-

afci-190)
◾ www.AFCIsafety.org – AFCI Educational Web site (http://www.AFCIsafety.org)
◾ CPSC AFCI Fact Sheet (https://www.cpsc.gov//PageFiles/137798/5133.pdf)
◾ AFCIs: Emerging Technology Solutions for Fires Resulting from Electrical Arcing 

(http://www.iaei.org/blogpost/890108/159112/AFCIS-Emerging-Technology-Solutions-for-Fires-Resulting-from-
Electrical-Arcing) from IAEI News: The Magazine

◾ EFCI / OFCI on Popular Science (http://www.popsci.com/scitech/article/2009-06/plugged-smartplugs-are-simple-
way-save-energy)

◾ Arc Fault Testing and Arc Fault Scenarios 
(http://www.ul.com/global/documents/offerings/perspectives/regulators/electrical/afci/AFCI_scenarios020502.pdf), 
Underwriters Laboratory. Six types of AFCIs are listed.

References
1. Lee, Douglas A.; Trotta, Andrew M.; King, William H. (Aug 2000). "New Technology for Preventing Residential Electrical 

Fires: Arc-Fault Circuit Interrupters (AFCIs)" (PDF). Fire Technology (Kluwer Academic Publishers) 36 (3): 145–162. 
doi:10.1023/A:1015410726786. ISSN 0015-2684. Retrieved Feb 26, 2013.

2. Ault, Singh, and Smith, "1996 Residential Fire Loss Estimates", October 1998, U.S. Consumer Product Safety Commission, 
Directorate for Epidemiology and Health Sciences.

3. Source:"Arc Fault Circuit Interrupter (AFCI)FACT SHEET" accessed from 
http://www.cpsc.gov/CPSCPUB/PUBS/afcifac8.PDF, July 22, 2010

4. 2014 NEC(210.12)
5. http://iaeimagazine.org/magazine/2015/05/22/whats-new-about-afcis-in-the-2014-nec/
6. Stephenson, James, Ph.D. "Eliminating False Positives in the Detection and Location of sub 3ms Faults on AC/DC Lines 

(http://cdn.livewireinnovation.com/pdf/aas-conference-paper-upload.pdf)" presented at the 2011 Aircraft Airworthiness & 
Sustainment Conference on April 19, 2011.

7. J.J. Shea, "Glowing Contact Physics," IEEE Holm Conference on Electrical Contacts, Montreal, Canada, Sept. pp. 48-57, 2006.

http://ulstandardsinfonet.ul.com/scopes/1699.html)
http://www.esfi.org/resource/arc-fault-circuit-interrupter
http://www.AFCIsafety.org
http://www.AFCIsafety.org)
https://www.cpsc.gov//PageFiles/137798/5133.pdf)
http://www.iaei.org/blogpost/890108/159112/AFCIS-Emerging-Technology-Solutions-for-Fires-Resulting-from
http://www.popsci.com/scitech/article/2009-06/plugged-smartplugs-are-simple
http://www.ul.com/global/documents/offerings/perspectives/regulators/electrical/afci/AFCI_scenarios020502.pdf)
http://www.cpsc.gov/CPSCPUB/PUBS/afcifac8.PDF
http://iaeimagazine.org/magazine/2015/05/22/whats-new-about-afcis-in-the-2014-nec/
http://cdn.livewireinnovation.com/pdf/aas-conference-paper-upload.pdf)


8. http://www.arrl.org/news/arrl-helps-manufacturer-to-resolve-arc-fault-circuit-interrupter-rfi-problems
9. A Work in Progress: Belkin Gigabit Powerline HD available at http://www.smallnetbuilder.com/lanwan/lanwan-reviews/30888-

a-work-in-progress-belkin-gigabit-powerline-hd-starter-kit-reviewed?start=4

Retrieved from " fault_circuit_interrupter&oldid=706502976-https://en.wikipedia.org/w/index.php?title=Arc " 

Categories: Electric power systems components Safety switches

◾ This page was last modified on 23 February 2016, at 18:07.
◾ Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may apply. By 

using this site, you agree to the Terms of Use and Privacy Policy. Wikipedia® is a registered trademark of the 
Wikimedia Foundation, Inc., a non-profit organization.

http://www.arrl.org/news/arrl-helps-manufacturer-to-resolve-arc-fault-circuit-interrupter-rfi-problems
http://www.smallnetbuilder.com/lanwan/lanwan-reviews/30888
https://en.wikipedia.org/w/index.php?title=Arc

