
Public Comment No. 1777-NFPA 70-2021 [ Section No. 722.3(F) ]

(F)  Instrumentation Tray Cable.

Circuits wired using instrument tray cable shall comply with 341 335 .1 , 341.10, 341.12, 341.24, 341.80, 341.100, and
341.120. and 335.4 through 335.9

Statement of Problem and Substantiation for Public Comment

this used to refer to 727, that got moved to 335. The sections were not renumbered in the move, there is no section after 335.10. I have 
changed the text to mirror what was in the 2020 code, but replacing 727 with 335.

Related Item

• PI 3671
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Public Comment No. 1795-NFPA 70-2021 [ Section No. 722.3(M) ]

(M)  Temperature Limitation of Class 2, Class 3, and Class 3 4 Cables.

The requirements of 310.14(A)(3) on the temperature limitation of conductors shall apply to power-limited circuit cables and fault
managed power cables .

Statement of Problem and Substantiation for Public Comment

another PC recommends to delete 726.3 (L) as the requirements were moved to 722. But this section in 722 made no mention of Class 4. 
This changes adds Class 4 to the Class 2 and 3 requirements. 

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 1780-NFPA 70-2021 [Section No. 726.203]

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1794-NFPA 70-2021 [ Section No. 722.3(N) ]

(N)  Identification of Equipment Grounding Conductors.

Section 250.119 shall apply.

Exception 1 : Conductors with green insulation shall be permitted to be used as ungrounded signal conductors.

Exception 2: C ables that do not contain an equipment grounding conductor shall be permitted to use a conductor with green or
green with one or more yellow stripes insulation for other than equipment grounding purposes.

Statement of Problem and Substantiation for Public Comment

This text was carefully crafted for Class 2, 3, and 4 cables where you may find multiple pairs of conductors in one cable. These cables 
shall not have and ECG if they have conductors with green insulation in their bunch that are not ECG. This  existing text (726.203(M)) is 
recommended to be deleted by another PC and therefore I am recommending adding a second exception to cover cables as I couldn't find 
an eloquent way to combine this with the existing exception on conductors. 

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 1780-NFPA 70-2021 [Section No. 726.203]

Related Item

• PI 3740 and PI 3671

Submitter Information Verification

Submitter Full Name: Chad Jones

Organization: Cisco Systems

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 17 19:17:48 EDT 2021

Committee: NEC-P03

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPar...

90 of 210 8/26/2021, 9:01 PM



Public Comment No. 1593-NFPA 70-2021 [ Sections 722.3(N), 722.3(O) ]

Sections 722.3(N), 722.3(O)

(N)  Identification of Equipment Grounding Conductors.

Section 250.119 shall apply.

Exception: Conductors with green insulation shall be permitted to be used as ungrounded signal conductors.

(O)  Specific Requirements.

As appropriate, the installation of wires and cables shall also comply with the requirements of the following:

(1) Class 2 and Class 3 cables — Article 725

(2) Fire alarm cables — Article 760

(3) Optical fiber cables — Article 770

Statement of Problem and Substantiation for Public Comment

250.119 already applies. Unlike Article 300, there is no general deletion of the requirements in 722.3. Subdivision O is a style manual 
violation.

Related Item

• FR 9582
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Public Comment No. 2119-NFPA 70-2021 [ Section No. 722.3(O) ]

(O)  Specific Requirements.

As appropriate, the installation of wires and cables shall also comply with the requirements of the following:

(1) Class 2 and Class 3 cables — Article 725

(2) Class 4 cables — Article 726

(3) Fire alarm cables — Article 760

(4) Optical fiber cables — Article 770

Statement of Problem and Substantiation for Public Comment

Class 4 needs incorporated into the new 722 cable section. This is one of many PCs to facilitate that.

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1591-NFPA 70-2021 [ Section No. 722.12 ]

722.12  Uses Not Permitted.

Cables shall not be installed in any hazardous (classified) location, except as permitted by other articles of this Code .

Informational Note: See Articles 500 through 516 and Article 517, Part IV for information on hazardous locations.

Statement of Problem and Substantiation for Public Comment

This is already required, with or without this text. Furthermore, the whole article references are style manual violations.

Related Item

• FR 9582
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Public Comment No. 1029-NFPA 70-2021 [ Section No. 722.24(A) ]

(A)  General.

Cables shall be installed in a neat knowledgable and workmanlike skillful manner. Cables installed exposed on the surface of
ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will not be damaged by normal
building use. Such cables shall be secured by hardware, including straps, staples, hangers, cable ties listed and identified for
securement and support, or similar fittings, designed and installed so as not to damage the cable. The installation shall conform to
300.4 and 300.11.

A bushing shall be installed where cables emerge from raceway used for mechanical support or protection in accordance
with 300.15(C).

Nonmetallic cable ties and other nonmetallic cable accessories used to secure and support cables in other spaces used for
environmental air (plenums) shall be listed as having low smoke and heat release properties in accordance with 300.22(C).

Informational Note No. 1: See NFPA 90A-2021, Standard for the Installation of Air-Conditioning and Ventilating Systems,
for discrete combustible components installed in accordance with 300.22(C).

Informational Note No. 2: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants could result in an
undetermined alteration of cable properties.

Statement of Problem and Substantiation for Public Comment

“Neat and workmanlike” finally is being removed from the Code. Should it be replaced by “professional and skillful,” as in 110.12 of the 
First Draft?  Professionals are evaluated in terms of Knowledge, Skills, and Abilities (KSAs), per NFPA 1078. So “skillful” seems 
redundant–if “professional” really is necessary. Aside from appearance, it is not clear that there is an additional, critical element to 
professionalism beyond compliance and skillful installation.

When inspecting, we evaluate relevant knowledge by seeing whether the installation shows understanding of the relevant products and 
standards. 

We are concerned with abilities only in terms of how they are demonstrated in the way knowledge and skills were applied. For example, 
“fine motor” abilities may be needed to use torque screwdrivers, but we’re not interested in the abilities as stand-alone qualities, just in the 
way installations demonstrate their application to that fine skill.

A sloppy splice may be less than neat, but the critical factor is whether it is performed skillfully enough to avoid damaging the conductors 
or losing strands; to keep them tightly bound so as to avoid high impedance or in fact risking that they come loose; and to keep them all 
adequately insulated. So skillful installation is a critical element, to complement compliance with the letter of the Code and knowledge of 
the products.

While professional appearance is nice, in general requiring it goes beyond the Code’s purpose described in 90.1. Because neatness is an 
additional subjective element, we should minimize its use as a criterion. Where neatness, or “professional appearance” is particularly 
important to safety, we have more specific language, such as “legible” as in 110.21(B)(2) Exception, 110.22, 225.52 (B) Exception, and 
300.45, or “clearly legible” as in 410.140 and 620.52(B). 

Related Item

• PI3671
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Public Comment No. 1592-NFPA 70-2021 [ Section No. 722.24(A) ]

(A)  General.

Cables shall be installed in a neat and workmanlike manner. Cables installed exposed on the surface of ceilings and sidewalls
shall be supported by the building structure in such a manner that the cable will not be damaged by normal building use. Such
cables shall be secured by hardware, including straps, staples, hangers, cable ties listed and identified for securement and
support, or similar fittings, designed and installed so as not to damage the cable. The installation shall conform to 300.4 and
300.11.

A bushing shall be installed where cables emerge from raceway used for mechanical support or protection in accordance
with 300.15(C).

Nonmetallic cable ties and other nonmetallic cable accessories used to secure and support cables in other spaces used for
environmental air (plenums) shall be listed as having low smoke and heat release properties in accordance with 300.22(C).

Informational Note No. 1: See NFPA 90A-2021, Standard for the Installation of Air-Conditioning and Ventilating Systems ,
for discrete combustible components installed in accordance with 300.22(C). Informational Note No. 2: Paint, plaster,
cleaners, abrasives, corrosive residues, or other contaminants could result in an undetermined alteration of cable
properties.

Statement of Problem and Substantiation for Public Comment

The material marked for deletion is redundant.

Related Item

• FR 9582
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Public Comment No. 111-NFPA 70-2021 [ Section No. 722.24(B) ]

(B)  Support of Cables.

Cables shall not be strapped, taped, or attached by any means to the exterior of any conduit or other raceway as a means of
support.

Exception No. 1: Class 2 circuit conductors or cables shall be permitted to be installed as permitted by 300.11(C)(2).

Exception No. 2: Overhead ( Refer to Section 770133(D) for the exception on overhead ( aerial) spans of optical fiber cables
shall be permitted to be attached to the exterior of a raceway-type mast intended for the attachment and support of such
cables cable .

Statement of Problem and Substantiation for Public Comment

Article 770 provides the requirements and exceptions for the installation of optical fiber cable. To maintain good usability of the NEC these 
requirements/exceptions should remain in Article 770.

Related Item

• PI 4138
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Public Comment No. 1594-NFPA 70-2021 [ Section No. 722.24(B) ]

(B)  Support of Cables.

Cables shall not be strapped, taped, or attached by any means to the exterior of any conduit or other raceway as a means of
support.

Exception No. 1: Class 2 circuit conductors Conductors or cables shall be permitted to be installed as permitted by
300.11(C)(2).

Exception No. 2: Overhead (aerial) spans of optical fiber cables shall be permitted to be attached to the exterior of a raceway-
type mast intended for the attachment and support of such cables.

Statement of Problem and Substantiation for Public Comment

If the revisions in the first draft version of 300.11(C) continue to pass, this section needs to be correlated.

Related Item

• FR 9582
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Public Comment No. 1-NFPA 70-2021 [ Section No. 722.135(A) ]

(A)  Listing.

Cables installed in buildings shall be listed and installed in accordance with the limitations of the listing .

Statement of Problem and Substantiation for Public Comment

Section 110.3(B) which requires that equipment be installed in accordance with the listing. Explicit requirements for cables are needed 
because the definition of equipment in Article 100 doesn’t include cables.

Related Item

• PC 646
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Public Comment No. 1596-NFPA 70-2021 [ Section No. 722.140(A) ]

(A)  Class 1 Wiring Methods and Materials.

It shall be permitted to use Class 1 wiring methods for Class 2 and Class 3 circuits. Separation from electric light, power, Class 1,
non-power-limited fire alarm circuit conductors, and edium medium -power network-powered broadband communications cables
shall comply with 722.141.

Exception: The ampacity adjustment factors given in 310.15(C)(1) shall not apply.

Statement of Problem and Substantiation for Public Comment

Correcting a typo.

Related Item

• FR 9582
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Public Comment No. 1595-NFPA 70-2021 [ Section No. 722.140(B) ]

(B)  Class 2 and Class 3 Wiring Methods and Materials.

Cables on the load side of the power source shall be insulated listed and marked in accordance with 722.179 and shall be
installed in accordance with 722.135.

Exception No. 1: See 620.21 for wiring methods for elevators and similar equipment.

Exception No. 2: Other wiring methods and materials installed in accordance with 722.3 shall be permitted to extend or replace
the conductors and cables described in 722.179 and permitted by 722.140(B).

Exception No. 3: Bare Class 2 conductors shall be permitted as part of a listed intrusion protection system where installed in
accordance with the listing instructions for the system.

Statement of Problem and Substantiation for Public Comment

722.179 contains listing and marking requirements, not insulation requirements.

Related Item

• FR 9582

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Ryan Jackson

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 16 15:58:34 EDT 2021

Committee: NEC-P03

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPar...

100 of 210 8/26/2021, 9:01 PM



Public Comment No. 1538-NFPA 70-2021 [ Section No. 722.141(H) ]

(H)  Where Protected.

Class 2 and Class 3 circuits shall be permitted to be installed together with the conductors of electric light, power, Class 1, non-
power-limited fire alarm and medium-power network-powered broadband communications circuits where they are installed using
Class 1 wiring methods in accordance with 725 724 .46 and where they are protected by an approved method. 24 and 724.46.

Statement of Problem and Substantiation for Public Comment

Correcting Clause Reference to 724.46.  Adding reference to  724.24 in lieu of “protected by an approved method”, which is vague and 
ambiguous. NEMA understands this new sub-clause H to allow the intermingling of class 2 circuits using class 1 methods, previously 
referred to as “reclassified” class 2, with electric light and power conductors as was previously allowed by 725.130(A) exception 2 .

Related Item

• FR 9582
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Public Comment No. 46-NFPA 70-2021 [ Sections 722.160, 722.161, 722.162 ]

Sections 722.160, 722.161, 722.162

722.160  Raceways, Cable Routing Assemblies, and Cable Trays for Optical Fiber Cables.

(A)  Types of Raceways.

Optical fiber cables shall be permitted to be installed in any raceway that complies with 722.160(A)(1), (A)(2), or (A)(3).

(1)  Raceways Recognized in Chapter 3.

Optical fiber cables shall be permitted to be installed in any raceway included in Chapter 3. The raceways shall be installed in
accordance with the requirements of Chapter 3.

(2)  Communications Raceways.

Optical fiber cables shall be permitted to be installed in listed communications raceways selected in accordance with Table
800.154(b).

(3)  Innerduct for Optical Fiber Cables.

Listed plenum communications raceway, listed riser communications raceway, and listed general-purpose communications
raceway selected in accordance with Table 800.154(b) shall be permitted to be installed as innerduct in any type of listed raceway
permitted in Chapter 3.

(B)  Raceway Fill for Optical Fiber Cables.

Raceway fill for optical fiber cables shall comply with either 722.160(B)(1) or (B)(2).

(1)  Without Electric Light or Power Conductors.

Where optical fiber cables are installed in raceway without electric light or power conductors, the raceway fill requirements of
Chapters 3 and 9 shall not apply.

(2)  Nonconductive Optical Fiber Cables with Electric Light or Power Conductors.

Where nonconductive optical fiber cables are installed with electric light or power conductors in a raceway, the raceway fill
requirements of Chapters 3 and 9 shall apply.

(C)  Cable Routing Assemblies.

Optical fiber cables shall be permitted to be installed in listed cable routing assemblies selected in accordance with Table
800.154(c).

(D)  Cable Trays.

Optical fiber cables shall be permitted to be installed in metal or listed nonmetallic cable tray systems.

722.161  Grounding.

Non-current-carrying conductive members of optical fiber cables shall be bonded to a grounded equipment rack or enclosure or
grounded in accordance with the grounding methods specified by 770.100(B)(2).

722.162  Installation of Optical Fibers and Electrical Conductors.

(A)  In Cable Trays and Raceways.

Conductive optical fiber cables contained in an armored or metal-clad-type sheath and nonconductive optical fiber cables shall be
permitted to occupy the same cable tray or raceway with conductors for electric light, power, Class 1, non-power-limited fire
alarm, Type ITC, or medium-power network-powered broadband communications circuits operating at 1000 volts or less.
Conductive optical fiber cables without an armored or metal-clad-type sheath shall not be permitted to occupy the same cable
tray or raceway with conductors for electric light, power, Class 1, non-power-limited fire alarm, Type ITC, or medium-power
network-powered broadband communications circuits, unless all of the conductors of electric light, power, Class 1, non-power-
limited fire alarm, and medium-power network-powered broadband communications circuits are separated from all of the optical
fiber cables by a permanent barrier or listed divider.
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(B)  In Cabinets, Outlet Boxes, and Similar Enclosures.

Nonconductive optical fiber cables shall not be permitted to occupy the same cabinet, outlet box, panel, or similar enclosure
housing the electrical terminations of an electric light, power, Class 1, non-power-limited fire alarm or medium-power network-
powered broadband communications circuit unless one or more of the following conditions exist:

(1) The nonconductive optical fiber cables are functionally associated with the electric light, power, Class 1, non-power-limited
fire alarm or medium-power network-powered broadband communications circuit.

(2) The conductors for electric light, power, Class 1, non-power-limited fire alarm, Type ITC, or medium-power network-
powered broadband communications circuits operate at 1000 volts or less.

(3) The nonconductive optical fiber cables and the electrical terminations of electric light, power, Class 1, non-power-limited fire
alarm or medium-power network-powered broadband communications circuit are installed in factory- or field-assembled
control centers.

(4) The nonconductive optical fiber cables are installed in an industrial establishment where conditions of maintenance and
supervision ensure that only qualified persons service the installation.

When optical fibers are within the same composite cable for electric light, power, Class 1, non-power-limited fire alarm, or
medium-power network-powered broadband communications circuits operating at 1000 volts or less, they shall be permitted to be
installed only where the functions of the optical fibers and the electrical conductors are associated.

Optical fibers in composite optical fiber cables containing only current-carrying conductors for electric light, power, or Class 1
circuits rated 1000 volts or less shall be permitted to occupy the same cabinet, cable tray, outlet box, panel, raceway, or other
termination enclosure with conductors for electric light, power, or Class 1 circuits operating at 1000 volts or less.

Optical fibers in composite optical fiber cables containing current-carrying conductors for electric light, power, or Class 1 circuits
rated over 1000 volts shall be permitted to occupy the same cabinet, cable tray, outlet box, panel, raceway, or other termination
enclosure with conductors for electric light, power, or Class 1 circuits in industrial establishments, where conditions of
maintenance and supervision ensure that only qualified persons service the installation.

(C)  With Other Circuits.

Optical fibers shall be permitted in the same cable, and conductive and nonconductive optical fiber cables shall be permitted in
the same raceway, cable tray, box, enclosure, or cable routing assembly, with conductors of any of the following:

(1) Class 2 and Class 3 remote-control, signaling, and power-limited circuits in compliance with Article 645 or Parts I and III of
Article 725

(2) Power-limited fire alarm systems in compliance with Parts I and III of Article 760

(3) Communications circuits in compliance with Parts I and V of Article 805

(4) Community antenna television and radio distribution systems in compliance with Parts I and V of Article 820

(5) Low-power network-powered broadband communications circuits in compliance with Parts I and V of Article 830

Statement of Problem and Substantiation for Public Comment

Article 770 Optical Fiber Cables covers the installation of optical fiber cables and this information should not be transferred to Article 722. 
Leaving all requirements for Optical Fiber Cables in Article 770 promotes usability of the National Electrical Code.  Plus, the application of 
optical fiber cables is not restricted to power-limited circuits.

Related Item

• PI 4138
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Public Comment No. 1427-NFPA 70-2021 [ Section No. 722.179(A)(9) ]

(9)  Limited Power (LP) Cable.

Class 2 and Class 3 LP cables shall be listed as suitable for carrying power and data up to a specified current limit for each
conductor without exceeding the temperature rating of the cable. The cables shall be marked with the suffix “-LP (XXA)” where
XXA designates the current limit is in limit in amperes per conductor.

Informational Note: An example of the marking on 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) (75°C) 23 75°C 23 AWG 4-pair.”

Statement of Problem and Substantiation for Public Comment

722.179(A)(9): editorial: extra word "is" in the sentence: "where XAA designates the current is in amperes" should be: "where XAA 
designates the current in amperes" 
informational note: parenthesis around 75C need to be deleted. should be exactly as in 725.179 "CL2-LP(0.6A) 75C 23 AWG..."

Related Item

• FR 9582
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Public Comment No. 1030-NFPA 70-2021 [ Section No. 724.24 ]

724.24  Mechanical Execution of Work.

Class 1 circuits shall be installed in a neat knowledgeable and workmanlike skillful manner. Cables and conductors installed
exposed on the surfaces of ceilings and sidewalls shall be supported by the building structure such that the cable will not be
damaged by normal building use. Such cables shall be supported by straps, staples, hangers, cable ties, or similar fittings that are
designed and installed to not damage the cable. The installation shall also comply with the requirements of 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants can result in an
undetermined alteration of Class 1 cable properties.

Statement of Problem and Substantiation for Public Comment

“Neat and workmanlike” appropriately no longer will be found in 110.12. What then: professional and skillful? Professionals are evaluated 
in terms of Knowledge, Skills, and Abilities (KSAs), per NFPA 1078. So “skillful” seems redundant–if “professional” really is necessary. 
Aside from appearance, it is not clear that there is an additional, critical element to professionalism beyond compliance and skillful 
installation.

When inspecting, we evaluate relevant knowledge by seeing whether the installation shows knowledge of the relevant products and 
standards; 110.3(A) and (B) address this. We are concerned with abilities only in terms of how they are demonstrated in the way 
knowledge and skills were applied. For example, “fine motor” capability is needed to use torque screwdrivers, but we’re not interested in 
the abilities as stand-alones, just as they are applied to that particular motor skill.

A sloppy splice may be less than neat, but the critical factor is whether it is skillful enough to avoid damaging the conductors or losing 
strands; to keep them tightly bound so as to avoid high impedance or in fact risking that they come loose; and to keep them all adequately 
insulated. So skillful installation is a critical element, to complement compliance with the letter of the Code.

While professional appearance is nice, in general requiring it goes beyond the Code’s purpose described in 90.1. Because neatness is an 
additional subjective element, we should minimize its use as a criterion. Where neatness, or “professional appearance” is particularly 
important to safety, we have more specific language, such as “legible” as in 110.21(B)(2) Exception, 225.52 (B) Exception, and 300.45, or 
“clearly legible” as in 410.140 and 620.52(B). So far, no additional element to the term “professional” has been described in the public 
discussion.

Related Item
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Public Comment No. 179-NFPA 70-2021 [ Section No. 724.40 ]

724.40  40  Power-Limited Class 1 Circuits.

Power- limited Class 1 circuits shall be supplied from a source with a rated output of not more than 30 volts and 1000 volt-
amperes.

(A)  Class 1 Transformers.

Transformers used to supply Class 1 circuits shall comply with the requirements of the applicable sections of Parts I and II of
Article 450.

(B)  Other Class 1 Power Sources.

Power sources other than transformers shall be protected by overcurrent devices rated at not more than 167 percent of the volt-
ampere rating of the source divided by the rated voltage. The overcurrent devices shall not be interchangeable with overcurrent
devices of higher ratings. The overcurrent device shall be permitted to be an integral part of the power supply.

To comply with the 1000 volt-ampere limitation of 724.41, the maximum output (VAmax) of power sources other than transformers
shall be limited to 2500 volt-amperes, and the product of the maximum current (Imax) and maximum voltage (Vmax) shall not
exceed 10,000 volt-amperes. These ratings shall be determined with any overcurrent-protective device bypassed.

VAmax is the maximum volt-ampere output after one minute of operation regardless of load and with overcurrent protection
bypassed, if used. Current-limiting impedance shall not be bypassed when determining VAmax.

Imax is the maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection
bypassed, if used. Current-limiting impedance should not be bypassed when determining Imax. Where a current-limiting
impedance listed for the purpose or as part of a listed product is used in combination with a stored energy source, such as a
storage battery, to limit the output current, Imax limits apply after 5 seconds.

Vmaxis the maximum output voltage regardless of load with rated input applied.

Statement of Problem and Substantiation for Public Comment

The proposed text re-establishes the 2020 NEC text for power-limited class 1 circuits for clarity purposes.  PC 178 which is tied to this 
public comment re-establishes class 1 remote-control and signaling circuits back into the code in a new 724.41.  

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 178-NFPA 70-2021 [New Section after 724.40(B)] Class 1 remote-control and signaling circuits

Related Item

• FR 9591 • FR 9602
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Public Comment No. 178-NFPA 70-2021 [ New Section after 724.40(B) ]

724.41 Class 1 Remote-Control and Signaling Circuits.

These circuits shall not exceed 600 volts.  The power output of the source shall not be required to be limited. 

Statement of Problem and Substantiation for Public Comment

The removal of Class 1 remote-control and signaling circuits is detrimental to the installation of motor control circuits and optional standby 
control circuits which have utilized these types of Class 1 circuits for years without any safety issues in the field.  Articles 210 and 215 do 
not adequately address these types of circuits because they do not meet the definition of a branch circuit in Article 100.  The required 
provisions for AFCI and/or GFCI protection on these types of circuits for optional standby generators in Articles 210.8 and 210.12 could be 
detrimental to the operation of the circuit and the equipment controlled due to nuisance tripping.  The electronics in generator controllers 
and transfer equipment are not evaluated to operate on AFCI and/or GCFI overcurrent devices.  The addition of these types of circuits 
back into the new Article 724 will prevent the unnecessary installation hardship on the installer and the equipment manufacturers.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 179-NFPA 70-2021 [Section No. 724.40]

Related Item

• FR 9591 • FR 9602
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Public Comment No. 1948-NFPA 70-2021 [ Section No. 724.43 ]

724.43  Class 1 Circuit Overcurrent Protection.

Overcurrent protection for conductors 14 AWG and larger shall be provided in accordance with the conductor ampacity, without
applying the ampacity adjustment and correction factors specified in 310.14 15 to the ampacity calculation. Overcurrent
protection shall not exceed 7 amperes for 18 AWG conductors and 10 amperes for 16 AWG.

Exception: Where other articles of this Code permit or require other overcurrent protection.

Statement of Problem and Substantiation for Public Comment

The ampacity correction and adjustment factors are located in section 310.15.

Related Item

• No First Draft changes related to this, so understand if it isn't addressed at this time. Just bringing it to your attention.
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Public Comment No. 180-NFPA 70-2021 [ Section No. 724.46 ]

724.46  Class 1 Circuit Wiring Methods.

Class 1 circuits shall be installed in accordance with Part I of Article 300 and the wiring methods from the appropriate articles in
Chapter 3 this Code .

Exception No. 1: The requirements of 724.48 through 724.51 shall be permitted to apply in installations of Class 1 circuits.

Exception No. 2: Methods permitted or required by other articles of this Code shall apply to installations of Class 1 circuits.

Statement of Problem and Substantiation for Public Comment

The NEC style manual prohibits a reference to an entire Chapter so the reference to Chapter 3 is removed for clarity purposes.

Related Item

• FR 9591 • FR 9602
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Public Comment No. 1598-NFPA 70-2021 [ Article 725 ]

Article  725  Class 2 and Class 3 Power-Limited Circuits

Part I.  General

725.1  Scope.

This article covers power-limited circuits, including power-limited remote control and signaling circuits, that are not an integral part
of a device or of utilization equipment.

Informational Note: The circuits described herein are characterized by usage and electrical power limitations that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of Chapters 1 through 4
are given with regard to minimum wire sizes, ampacity adjustment and correction factors, overcurrent protection, insulation
requirements, and wiring methods and materials.

725.

725.3  Other Articles.

In addition to the requirements of this article, circuits and equipment shall comply with the articles or sections listed in 725.3(A)
through (E). Only those sections of Article 300 referenced in this article shall apply to Class 2 and Class 3 circuits.

(A)  Spread of Fire or Products of Combustion.

Installation of Class 2 and Class 3 circuits shall comply with 300.21 .

(B)  Ducts, Plenums, and Other Air-Handling Spaces.

Class 2 and Class 3 circuits installed in ducts, plenums, or other space used for environmental air shall comply with 300.22 .

(C)  Motor Control Circuits.

Motor control circuits tapped from the load side of the motor branch-circuit protective device(s) as specified in 430.72(A)  shall
comply with Part IV of Article 430.

(D)  Identification of Equipment Grounding Conductors.

Equipment grounding conductors shall be identified in accordance with 250.119 .

(E)  Cables for Class 2 and Class 3 Circuits.

The listing and installation of cables for Class 2 and Class 3 circuits shall comply with Article 722, Parts I, II, and V.

725.12  Uses Not Permitted.

Cables and equipment shall not be installed in any hazardous (classified) location, except as permitted by other articles of this
Code .

Informational Note: Hazardous locations are covered in Articles 500 through 516 and in Article 517, Part IV.

725.21  Access to Electrical Equipment Behind Panels Designed to Allow Access.

Access to electrical equipment shall not be denied by an accumulation of wires and cables that prevents removal of panels,
including suspended ceiling panels.

725.24  Mechanical Execution of Work.

(A)  General.

Class 2 and Class 3 circuits shall be installed in a neat and workmanlike manner. Cables and conductors installed exposed on
the surface of ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will not be
damaged by normal building use. Such cables shall be supported by straps, staples, hangers, cable ties listed and identified for
securement and support, or similar fittings designed and installed so as not to damage the cable. The installation shall also
comply with 300.4 and 300.11.

(B)  

Circuit integrity (CI) cable shall be supported at a distance not exceeding 610 mm (24 in.). Cable shall be secured to the
noncombustible surface of the building structure. Cable supports and fasteners shall be steel.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants can result in an
undetermined alteration of Class 2, Class 3, and PLTC cable properties.

30  Class 2 and Class 3 Circuit Identification.

Class 2 and Class 3 circuits shall be identified marked  at terminal and junction locations in a manner that prevents unintentional
interference with other circuits during testing and servicing.

725.31  Safety-Control Equipment.

Where damage to power-limited circuits can result in a failure of safety-control equipment that would introduce a direct fire or life
hazard, the power-limited circuits shall be installed in accordance with 724.31. Room thermostats, water temperature regulating
devices, and similar controls used in conjunction with electrically controlled household heating and air conditioning shall not be
considered safety-control equipment.

Part II.  Class 2 and Class 3 Circuits

725.60  Power Sources for Class 2 and Class 3 Circuits.
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(A)  Power Source.

The power source for a Class 2 or a Class 3 circuit shall be as follows:

Informational Note No. 1: Informational Note Figure 725.60 illustrates the relationships between Class 2 or Class 3 power
sources, their supply, and the Class 2 or Class 3 circuits.

Informational Note No. 2: Table 11(A) and Table 11(B) in Chapter 9 provide the requirements for listed Class 2 and Class 3
power sources.

(1) A listed Class 2 or Class 3 transformer

(2) A listed Class 2 or Class 3 power supply

(3) Other listed equipment marked to identify the Class 2 or Class 3 power source

Exception No. 1 to (3): Thermocouples shall not require listing as a Class 2 power source.

Exception No. 2 to (3): Limited power circuits of listed equipment where these circuits have energy levels rated at or below
the limits established in Chapter 9, Table 11(A) and Table 11(B).

Informational Note No. 3: Examples of other listed equipment are as follows:

(1) A circuit card listed for use as a Class 2 or Class 3 power source where used as part of a listed assembly

(2) A current-limiting impedance, listed for the purpose, or part of a listed product, used in conjunction with a non-
power-limited transformer or a stored energy source, for example, storage battery, to limit the output current

(3) A thermocouple

(4) Limited voltage/current or limited impedance secondary communications circuits of listed industrial control
equipment

(4) Listed audio/video, information technology (computer), communications, and industrial equipment limited-power circuits

Informational Note No. 4: One way to determine applicable requirements for listing of information technology
(computer) equipment is to refer to UL 60950-1-2011, Standard for Safety of Information Technology Equipment.
Another way to determine applicable requirements for listing of audio/video, information technology, and
communications equipment is to refer to UL 62368-1-2014, Safety of audio/video, information and communication
technology equipment. Typically such circuits are used to interconnect data circuits for the purpose of exchanging
information data. One way to determine applicable requirements for listing of industrial equipment is to refer to
UL 61010-2-201, Safety requirements for electrical equipment for measurement, control, and laboratory use —
Part 2-201: Particular requirements for control equipment, and/or UL 61800-5-1, Adjustable speed electrical power
drive systems — Part 5-1: Safety requirements — Electrical, thermal and energy.

(5) A battery source or battery source system that is listed and identified as Class 2

(B)  Interconnection of Power Sources.

Class 2 or Class 3 power sources shall not have the output connections paralleled or otherwise interconnected unless listed for
such interconnection.

Figure Informational Note Figure 725.60 Class 2 and Class 3 Circuits.

(C)  Marking.

The equipment supplying the circuits shall be durably marked where plainly visible to indicate each circuit that is a Class 2 or
Class 3 circuit. The power sources for limited power circuits in 725.60(A)(3), limited power circuits for listed audio/video
equipment, listed information technology equipment, listed communications equipment, and listed industrial equipment in
725.60(A)(4) shall have a label indicating the maximum voltage and rated current output per conductor for each connection point
on the power source. Where multiple connection points have the same rating, a single label shall be permitted to be used.

Informational Note No. 1: Rated current for power sources covered in 725.144 is the output current per conductor the
power source is designed to deliver to an operational load at normal operating conditions, as declared by the manufacturer.

Informational Note No. 2: An example of a label is “52V @ 0.433A, 57V MAX” for an IEEE 802.3 compliant Class 8 power
source.
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725.127  Wiring Methods on Supply Side of the Class 2 or Class 3 Power Source.

Conductors and equipment on the supply side of the power source shall be installed in accordance with the appropriate
requirements of Chapters 1 through 4.

Exception: The input leads of a transformer or other power source supplying Class 2 and Class 3 circuits shall be permitted to
be smaller than 14 AWG but not smaller than 18 AWG if they are protected by an overcurrent device rated not over 20 amperes,
are not over 305 mm (12 in.) long, and have insulation that complies with 724.49(B).

725.130  Wiring Methods and Materials on Load Side of the Class 2 or Class 3 Power Source.

Parts I, II, and V of Article 722 shall apply to wiring methods and materials on the load side of the Class 2 or Class 3 power
source.

(A)  Class 1 Wiring Methods and Materials.

It shall be permitted to use Class 1 wiring methods for Class 2 and Class 3 circuits. Separation from electric light, power, Class 1,
non-power-limited fire alarm circuit conductors, and medium-power network-powered broadband communications cables shall
comply with 722.141.

Exception: The ampacity adjustment factors given in 310.15(C)(1)  shall not apply.

(B)  Class 2 and Class 3 Wiring Methods and Materials.

Conductors on the load side of the power source shall be insulated in accordance with 722.143 and shall be installed in
accordance with 722.135.

Exception No. 1: As provided for in 620.21  for elevators and similar equipment.

Exception No. 2: Other wiring methods and materials installed in accordance with

725.

3 shall be permitted to extend or replace the conductors and cables described in 725.179 and permitted by 725.130(B) .

Exception No. 3: Bare Class 2 conductors shall be permitted as part of a listed intrusion protection system where installed in
accordance with the listing instructions for the system.

725.

144  Bundling of 4-Pair Cables Transmitting Power and Data.

Sections 725.144(A) and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling. Section 300.11 and Parts I and III of Article 725 shall apply to Class 2 and Class 3 circuits that
transmit power and data. The conductors that carry power for the data circuits shall be copper. The current in the power circuit
shall not exceed the current limitation of the connectors.

Informational Note No. 1: One example of the use of cables that transmit power and data is the connection of closed-circuit
TV cameras (CCTV).

Informational Note No. 2: The 8P8C connector is in widespread use with powered communications systems. IEC
60603-7-2008, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way, unshielded, free and fixed
connectors, specifies these connectors to have a current-carrying capacity per contact of 1.0 amperes maximum at 60°C
(149°F). See IEC 60603-7 for more information on current-carrying capacity at higher and lower temperatures.

Informational Note No. 3: The requirements of Table 725.144 were derived for carrying power and data over 4-pair copper
balanced twisted pair cabling. This type of cabling is described in ANSI/TIA 568-C.2-2009, Commercial Building
Telecommunications Cabling Standard — Part 2: Balanced Twisted-Pair Telecommunications Cabling and Components.

Informational Note No. 4: See TIA-TSB-184-A-2017, Guidelines for Supporting Power Delivery Over Balanced Twisted-
Pair Cabling, for information on installation and management of balanced twisted pair cabling supporting power delivery.

Informational Note No. 5: See ANSI/NEMA C137.3-2017, American National Standard for Lighting Systems — Minimum
Requirements for Installation of Energy Efficient Power over Ethernet (PoE) Lighting Systems, for information on
installation of cables for PoE lighting systems.

Informational Note No. 6: Rated current for power sources covered in 725.144 is the output current per conductor the
power source is designed to deliver to an operational load at normal operating conditions, as declared by the
manufacturer. In the design of these systems, the actual current in a given conductor might vary from the rated current per
conductor by as much as 20 percent. An increase in current in one conductor is offset by a corresponding decrease in
current in one or more conductors of the same cable.

(A)  Use of Class 2 or Class 3 Cables to Transmit Power and Data.

Where Types CL3P, CL2P, CL3R, CL2R, CL3, or CL2 transmit power and data, the rated current per conductor of the power
source shall not exceed the ampacities in Table 725.144 at an ambient temperature of 30°C (86°F). For ambient temperatures
above 30°C (86°F), the correction factors in Table 310.15(B)(1)(1) or in Equation 310.15(B) shall apply.

Exception: Compliance with Table 725.144 shall not be required for installations where conductors are 24 AWG or larger and
the rated current per conductor of the power source does not exceed 0.3 amperes.

Informational Note: One example of the use of Class 2 cables is a network of closed-circuit TV cameras using 24 AWG,
60°C rated, Type CL2R, Category 5e balanced twisted-pair cabling.
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(B)  Use of Class 2-LP or Class 3-LP Cables to Transmit Power and Data.

Types CL3P-LP, CL2P-LP, CL3R-LP, CL2R-LP, CL3-LP, or CL2-LP shall be permitted to supply power to equipment from a power
source with a rated current per conductor up to the marked current limit located immediately following the suffix “-LP” and shall be
permitted to transmit data to the equipment. Where the number of bundled LP cables is 192 or less and the selected ampacity of
the cables in accordance with Table 725.144 exceeds the marked current limit of the cable, the ampacity determined from the
table shall be permitted to be used. For ambient temperatures above 30°C (86°F), the correction factors of Table 310.15(B)(1)(1)
or Equation 310.15(B) shall apply. The Class 2-LP and Class 3-LP cables shall comply with the following, as applicable:

(1) Cables with the suffix “-LP” shall be permitted to be installed in bundles, raceways, cable trays, communications raceways,
and cable routing assemblies.

(2) Cables with the suffix “-LP” and a marked current limit shall follow the substitution hierarchy of 722.135(E) for the cable type
without the suffix “-LP” and without the marked current limit.

(3) System design shall be permitted by qualified persons under engineering supervision.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C AWG 4-pair”. See 722.179(A)(9).

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on
Copper Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F),
75°C (167°F), and 90°C (194°F) Rated Cables

Number of 4-Pair Cables in a Bundle

1–7 8–19 20–37 38–61 62–91 92–192

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

AWG 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C

26 1.00 1.23 1.42 0.71 0.87 1.02 0.55 0.68 0.78 0.46 0.57 0.67 0.45 0.55 0.64 NA NA NA

24 1.19 1.46 1.69 0.81 1.01 1.17 0.63 0.78 0.91 0.55 0.67 0.78 0.46 0.56 0.65 0.40 0.48 0.55

23 1.24 1.53 1.78 0.89 1.11 1.28 0.77 0.95 1.10 0.66 0.80 0.93 0.58 0.71 0.82 0.45 0.55 0.63

22 1.50 1.86 2.16 1.04 1.28 1.49 0.77 0.95 1.11 0.66 0.82 0.96 0.62 0.77 0.89 0.53 0.63 0.72

Notes:

1. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined
by qualified personnel under engineering supervision.

2. Where only half of the conductors in each cable are carrying current, the values in the table shall be permitted to be increased
by a factor of 1.4.

Informational Note No. 1: Elevated cable temperatures can reduce a cable's data transmission performance. For information on
practices for 4-pair balanced twisted pair cabling, see TIA-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-568-C.2, which
provide guidance on adjustments for operating temperatures between 20°C and 60°C.

Informational Note No. 2: The per-contact current rating of connectors can limit the maximum allowable current below the
ampacity shown in Table 725.144.

Part IV.  Listing Requirements

725.160  Listing and Marking of Equipment for Power and Data Transmission.

The listed power source for circuits intended to provide power and data over Class 2 cables to remote equipment shall be as
specified in 725.60(A)(1), (A)(2), (A)(3), or (A)(4). In accordance with 725.60(B), the power sources shall not have the output
connections paralleled or otherwise interconnected, unless listed for such interconnection. Powered devices connected to a circuit
supplying data and power shall be listed. Marking of equipment output connections shall be in accordance with 725.60(C).

725.179  Listing and Marking of Limited Power (LP) Cables.

LP cables shall be listed as suitable for carrying power and data up to a specified current limit for each conductor without
exceeding the temperature rating of the cable. The cables shall be marked with the suffix “-LP (XXA)” where XXA designates the
current limit in amperes per conductor.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C 23 AWG 4-pair.”

Statement of Problem and Substantiation for Public Comment

This material is now addressed in Article 722, so there is no need for it here. I apologize if I missed something obvious.

Related Item

• FR 9562
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Public Comment No. 712-NFPA 70-2021 [ Section No. 725.1 ]

725.1  Scope.

This article covers power-limited circuits, including power-limited remote control and signaling circuits, that are not an integral
part of a device or of utilization equipment.

Informational Note: The circuits described herein are characterized by usage and electrical power limitations that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of Chapters 1 through
4 are given with regard to minimum wire sizes, ampacity adjustment and correction factors, overcurrent protection,
insulation requirements, and wiring methods and materials.

Additional Proposed Changes

File Name Description Approved

3_CN_378.pdf 3 CN378 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 378 appeared in the First Draft Report on First Revision No. 9562.

 The Correlating Committee advises that article scope statements are the responsibility of the Correlating Committee and requests that the 
Panel review references to entire Chapters and compliance with 4.1.4 of the NEC Style Manual which prohibits references to entire 
Articles. A reference to an entire Article is not permitted, as the reference is too broad. As references to entire Chapters, which comprises 
multiple Articles, is logically also prohibited. 

Related Item

• First Revision No. 9562

Submitter Information Verification
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Organization: NEC Correlating Committee
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Submittal Date: Tue Aug 03 13:13:55 EDT 2021
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Public Comment No. 1031-NFPA 70-2021 [ Section No. 725.24(A) ]

(A)  General.

Class 2 and Class 3 circuits shall be installed in a neat knowledgable and workmanlike skillful manner. Cables and conductors
installed exposed on the surface of ceilings and sidewalls shall be supported by the building structure in such a manner that the
cable will not be damaged by normal building use. Such cables shall be supported by straps, staples, hangers, cable ties listed
and identified for securement and support, or similar fittings designed and installed so as not to damage the cable. The installation
shall also comply with 300.4 and 300.11.

Statement of Problem and Substantiation for Public Comment

“Neat and workmanlike” appropriately no longer will be found in 110.12. What then: professional and skillful? Professionals are evaluated 
in terms of Knowledge, Skills, and Abilities (KSAs), per NFPA 1078. So “skillful” seems redundant–if “professional” really is necessary. 
Aside from appearance, it is not clear that there is an additional, critical element to professionalism beyond compliance and skillful 
installation.

When inspecting, we evaluate relevant knowledge by seeing whether the installation shows knowledge of the relevant products and 
standards; 110.3(A) and (B) address this. We are concerned with abilities only in terms of how they are demonstrated in the way 
knowledge and skills were applied. For example, “fine motor” capability is needed to use torque screwdrivers, but we’re not interested in 
the abilities as stand-alones, just as they are applied to that particular motor skill.

A sloppy splice may be less than neat, but the critical factor is whether it is skillful enough to avoid damaging the conductors or losing 
strands; to keep them tightly bound so as to avoid high impedance or in fact risking that they come loose; and to keep them all adequately 
insulated. So skillful installation is a critical element, to complement compliance with the letter of the Code.

While professional appearance is nice, in general requiring it goes beyond the Code’s purpose described in 90.1. Because neatness is an 
additional subjective element, we should minimize its use as a criterion. Where neatness, or “professional appearance” is particularly 
important to safety, we have more specific language, such as “legible” as in 110.21(B)(2) Exception, 225.52 (B) Exception, and 300.45, or 
“clearly legible” as in 410.140 and 620.52(B). So far, no additional element to the term “professional” has been described in the public 
discussion.

Related Item

• PI 3671
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Public Comment No. 531-NFPA 70-2021 [ Section No. 725.24(A) ]

(A)  General.

Class 2 and Class 3 circuits shall be installed in a neat and workmanlike manner. Cables and conductors installed exposed on the
surface of ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will not be damaged
by normal building use. Such cables shall be supported by straps, staples, hangers, cable ; cable ties listed and identified for
securement and support, or ; or similar fittings designed and installed so as not to damage the cable. The installation shall also
comply with 300.4 and 300.11.

Statement of Problem and Substantiation for Public Comment

The intent of this public comment is to harmonize the cable securing and supporting requirements for Class 1, Class 2, and Class 3 circuits 
with the securing and supporting requirements for cable wirings methods in Chapter 3. Sections 320.30, 330.30, 334.30, and 337.30 
require cable ties to be “listed and identified for securement and support”. This specific language is being added to 725.24 to ensure the 
same listing and securement requirement for cable ties also applies to cable ties used to support  Class 1, Class 2, and Class 3 circuits.
The removal of the semicolons from the initial proposal may lead some to mis-interrupt the requirement to mean that staples and straps 
are also required to be listed for securement and support. We would suggest that the semicolons be added into the clause to assure clarity 
that only cable ties are meant to be listed for securement and support.  

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 530-NFPA 70-2021 [Section No. 760.24(A)]

Public Comment No. 528-NFPA 70-2021 [Section No. 800.24(A)]

Public Comment No. 527-NFPA 70-2021 [Section No. 770.24(A)]

Related Item

• NO FR is listed in the second revision report
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Public Comment No. 1081-NFPA 70-2021 [ Section No. 725.144 ]

725.144  Bundling of 4-Pair Cables Transmitting Power and Data.

Sections 725.144(A) and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling. Section 300.11 and Parts I and III of Article 725 shall apply to Class 2 and Class 3 circuits that
transmit power and data. The conductors that carry power for the data circuits shall be copper. The current in the power circuit
shall not exceed the current limitation of the connectors.

Informational Note No. 1: One example of the use of cables that transmit power and data is the connection of closed-circuit
TV cameras (CCTV).

Informational Note No. 2: The 8P8C connector is in widespread use with powered communications systems. IEC
60603-7-2008, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way, unshielded, free and fixed
connectors, specifies these connectors to have a current-carrying capacity per contact of 1.0 amperes maximum at 60°C
(149°F). See IEC 60603-7 for more information on current-carrying capacity at higher and lower temperatures.

Informational Note No. 3: The requirements of Table 725.144 were derived for carrying power and data over 4-pair copper
balanced twisted pair cabling. This type of cabling is described in ANSI/TIA 568-C.2-2009, Commercial Building
Telecommunications Cabling Standard — Part 2: Balanced Twisted-Pair Telecommunications Cabling and Components.

Informational Note No. 4: See TIA-TSB-184-A-2017, Guidelines for Supporting Power Delivery Over Balanced Twisted-
Pair Cabling, for information on installation and management of balanced twisted pair cabling supporting power delivery.

Informational Note No. 5: See ANSI/NEMA C137.3-2017, American National Standard for Lighting Systems — Minimum
Requirements for Installation of Energy Efficient Power over Ethernet (PoE) Lighting Systems, for information on
installation of cables for PoE lighting systems.

Informational Note No. 6: Rated current for power sources covered in 725.144 is the output current per conductor the
power source is designed to deliver to an operational load at normal operating conditions, as declared by the
manufacturer. In the design of these systems, the actual current in a given conductor might vary from the rated current per
conductor by as much as 20 percent. An increase in current in one conductor is offset by a corresponding decrease in
current in one or more conductors of the same cable.

(A)  Use of 4-Pair Class 2 or Class 3 Cables to Transmit Power and Data.

Where Types CL3P, CL2P, CL3R, CL2R, CL3, or CL2 transmit power and data, the rated current per conductor of the power
source shall not exceed the ampacities in Table 725.144 at an ambient temperature of 30°C (86°F). For ambient temperatures
above 30°C (86°F), the correction factors in Table 310.15(B)(1)(1) or in Equation 310.15(B) shall apply.

Exception: Compliance with Table 725.144 shall not be required for installations where conductors are 24 AWG or larger and
the rated current per conductor of the power source does not exceed 0.3 amperes.

Informational Note: One example of the use of Class 2 cables is a network of closed-circuit TV cameras using 24 AWG,
60°C rated, Type CL2R, Category 5e balanced twisted-pair cabling.
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(B)  Use of Class 2-LP or Class 3-LP Cables to Transmit Power and Data.

Types CL3P-LP, CL2P-LP, CL3R-LP, CL2R-LP, CL3-LP, or CL2-LP shall be permitted to supply power to equipment from a power
source with a rated current per conductor up to the marked current limit located immediately following the suffix “-LP” and shall be
permitted to transmit data to the equipment. Where the number of bundled LP cables is 192 or less and the selected ampacity of
the cables in accordance with Table 725.144 exceeds the marked current limit of the cable, the ampacity determined from the
table shall be permitted to be used. For ambient temperatures above 30°C (86°F), the correction factors of Table 310.15(B)(1)(1)
or Equation 310.15(B) shall apply. The Class 2-LP and Class 3-LP cables shall comply with the following, as applicable:

(1) Cables with the suffix “-LP” shall be permitted to be installed in bundles, raceways, cable trays, communications raceways,
and cable routing assemblies.

(2) Cables with the suffix “-LP” and a marked current limit shall follow the substitution hierarchy of 722.135(E) for the cable type
without the suffix “-LP” and without the marked current limit.

(3) System design shall be permitted by qualified persons under engineering supervision.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C AWG 4-pair”. See 722.179(A)(9).

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on
Copper Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F),
75°C (167°F), and 90°C (194°F) Rated Cables

Number of 4-Pair Cables in a Bundle

1–7 8–19 20–37 38–61 62–91 92–192

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

AWG 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C

26 1.00 1.23 1.42 0.71 0.87 1.02 0.55 0.68 0.78 0.46 0.57 0.67 0.45 0.55 0.64 NA NA NA

24 1.19 1.46 1.69 0.81 1.01 1.17 0.63 0.78 0.91 0.55 0.67 0.78 0.46 0.56 0.65 0.40 0.48 0.55

23 1.24 1.53 1.78 0.89 1.11 1.28 0.77 0.95 1.10 0.66 0.80 0.93 0.58 0.71 0.82 0.45 0.55 0.63

22 1.50 1.86 2.16 1.04 1.28 1.49 0.77 0.95 1.11 0.66 0.82 0.96 0.62 0.77 0.89 0.53 0.63 0.72

Notes:

1. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined
by qualified personnel under engineering supervision.

2. Where only half of the conductors in each cable are carrying current, the values in the table shall be permitted to be increased
by a factor of 1.4.

Informational Note No. 1: Elevated cable temperatures can reduce a cable's data transmission performance. For information on
practices for 4-pair balanced twisted pair cabling, see TIA-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-568-C.2, which
provide guidance on adjustments for operating temperatures between 20°C and 60°C.

Informational Note No. 2: The per-contact current rating of connectors can limit the maximum allowable current below the
ampacity shown in Table 725.144.

Statement of Problem and Substantiation for Public Comment

The text proposed by the first revision is not accurate, as Section 725.144 is not limited to 4-pair cables. 725.144 states that Section 
300.11 (securing and supporting of cables) and Parts I and III of Article 725 apply to circuits that carry power and data.  These 
requirements are not limited to 4-pair cables. It is accurate to acknowledge that 725.144(A) and Table 725.144 only apply to 4-pair cables; 
however, this is clearly stated in the title of the Table. In contrast, 725.144(B) covers the use of “LP” rated cables for bundled cables 
transmitting power and data. The “LP” designation is covered in UL 13, which is not limited to 4-pair cables. The scope of UL 13 states: 
“These requirements cover 60 – 250°C (140 – 482°F) single- and multiple-conductor power-limited circuit cables for use as fixed wiring 
within buildings (some are also marked for direct burial) principally for Class 3 and Class 2 circuits as described in Article 725 and other 
applicable parts of the National Electrical Code (NEC).” Section 44A of UL 13 covers the Cable Heating Test – For Cables Marked -LP 
(XX) and does not restrict the test or the marking to only 4-pair cables. Revising the parent language in 725.144 is not correct, and creates 
a conflict with 725.144(B).  If additional clarity is needed then the title of 725.144 should be “Bundling of Cables Transmitting Power and 
Data” and the title of 725.144(A) should be “Use of 4-pair Class 2 or Class 3 Cables to Transmit Power and Data”.
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Public Comment No. 1920-NFPA 70-2021 [ Section No. 725.144 ]

725.144  Bundling of 4-Pair Cables Transmitting Power and Data.

Sections 725.144(A)  and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling. Section 300.11 and Parts I and III of Article 725 shall apply to Class 2 and Class 3 circuits that
transmit power and data. The conductors that carry power for the data circuits shall be copper. The current in the power circuit
shall not exceed the current limitation of the connectors.

Sections 725.144(A)  and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling.

Informational Note No. 1: One example of the use of cables that transmit power and data is the connection of closed-circuit
TV cameras (CCTV).

Informational Note No. 2: The 8P8C connector is in widespread use with powered communications systems. IEC
60603-7-2008, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way, unshielded, free and fixed
connectors, specifies these connectors to have a current-carrying capacity per contact of 1.0 amperes maximum at 60°C
(149°F). See IEC 60603-7 for more information on current-carrying capacity at higher and lower temperatures.

Informational Note No. 3: The requirements of Table 725.144 were derived for carrying power and data over 4-pair copper
balanced twisted pair cabling. This type of cabling is described in ANSI/TIA 568-C.2-2009, Commercial Building
Telecommunications Cabling Standard — Part 2: Balanced Twisted-Pair Telecommunications Cabling and Components.

Informational Note No. 4: See TIA-TSB-184-A-2017, Guidelines for Supporting Power Delivery Over Balanced Twisted-
Pair Cabling, for information on installation and management of balanced twisted pair cabling supporting power delivery.

Informational Note No. 5: See ANSI/NEMA C137.3-2017, American National Standard for Lighting Systems — Minimum
Requirements for Installation of Energy Efficient Power over Ethernet (PoE) Lighting Systems, for information on
installation of cables for PoE lighting systems.

Informational Note No. 6: Rated current for power sources covered in 725.144 is the output current per conductor the
power source is designed to deliver to an operational load at normal operating conditions, as declared by the
manufacturer. In the design of these systems, the actual current in a given conductor might vary from the rated current per
conductor by as much as 20 percent. An increase in current in one conductor is offset by a corresponding decrease in
current in one or more conductors of the same cable.

(A)  Use of Class 2 or Class 3 Cables to Transmit Power and Data.

Where Types CL3P, CL2P, CL3R, CL2R, CL3, or CL2 transmit power and data, the rated current per conductor of the power
source shall not exceed the ampacities in Table 725.144 at an ambient temperature of 30°C (86°F). For ambient temperatures
above 30°C (86°F), the correction factors in Table 310.15(B)(1)(1) or in Equation 310.15(B) shall apply.

Exception: Compliance with Table 725.144 shall not be required for installations where conductors are 24 AWG or larger and
the rated current per conductor of the power source does not exceed 0.3 amperes.

Informational Note: One example of the use of Class 2 cables is a network of closed-circuit TV cameras using 24 AWG,
60°C rated, Type CL2R, Category 5e balanced twisted-pair cabling.
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(B)  Use of Class 2-LP or Class 3-LP Cables to Transmit Power and Data.

Types CL3P-LP, CL2P-LP, CL3R-LP, CL2R-LP, CL3-LP, or CL2-LP shall be permitted to supply power to equipment from a power
source with a rated current per conductor up to the marked current limit located immediately following the suffix “-LP” and shall be
permitted to transmit data to the equipment. Where the number of bundled LP cables is 192 or less and the selected ampacity of
the cables in accordance with Table 725.144 exceeds the marked current limit of the cable, the ampacity determined from the
table shall be permitted to be used. For ambient temperatures above 30°C (86°F), the correction factors of Table 310.15(B)(1)(1)
or Equation 310.15(B) shall apply. The Class 2-LP and Class 3-LP cables shall comply with the following, as applicable:

(1) Cables with the suffix “-LP” shall be permitted to be installed in bundles, raceways, cable trays, communications raceways,
and cable routing assemblies.

(2) Cables with the suffix “-LP” and a marked current limit shall follow the substitution hierarchy of 722.135(E) for the cable type
without the suffix “-LP” and without the marked current limit.

(3) System design shall be permitted by qualified persons under engineering supervision.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C AWG 4-pair”. See 722.179(A)(9).

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on
Copper Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F),
75°C (167°F), and 90°C (194°F) Rated Cables

Number of 4-Pair Cables in a Bundle

1–7 8–19 20–37 38–61 62–91 92–192

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

AWG 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C

26 1.00 1.23 1.42 0.71 0.87 1.02 0.55 0.68 0.78 0.46 0.57 0.67 0.45 0.55 0.64 NA NA NA

24 1.19 1.46 1.69 0.81 1.01 1.17 0.63 0.78 0.91 0.55 0.67 0.78 0.46 0.56 0.65 0.40 0.48 0.55

23 1.24 1.53 1.78 0.89 1.11 1.28 0.77 0.95 1.10 0.66 0.80 0.93 0.58 0.71 0.82 0.45 0.55 0.63

22 1.50 1.86 2.16 1.04 1.28 1.49 0.77 0.95 1.11 0.66 0.82 0.96 0.62 0.77 0.89 0.53 0.63 0.72

Notes:

1. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined
by qualified personnel under engineering supervision.

2. Where only half of the conductors in each cable are carrying current, the values in the table shall be permitted to be increased
by a factor of 1.4.

Informational Note No. 1: Elevated cable temperatures can reduce a cable's data transmission performance. For information on
practices for 4-pair balanced twisted pair cabling, see TIA-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-568-C.2, which
provide guidance on adjustments for operating temperatures between 20°C and 60°C.

Informational Note No. 2: The per-contact current rating of connectors can limit the maximum allowable current below the
ampacity shown in Table 725.144.

Statement of Problem and Substantiation for Public Comment

Ballot comments on FR 9458-NFPA 70-2021 suggested that some of the requirements of 725.144 apply beyond 4-pair cable.  I agree.
For this reason, the proposal changes the title of 725.144.  While it is tempting to reverse the change in the FR, that would make Section 
725.144(A), which only speaks to 4-pair cable apply to all cable constructions.

If one alternately read 725.144(A) (and the ampacity table) to only apply to 4-pair cable, it would leave the only way to use class 2/3 cables 
can carry data and power subject to 725.144(B).  Since class 2 cables are primarily designed for power (and the addition of data really 
doesn’t do anything – except introduce some new cable constructions) this has the unintended impact of requiring all class 2 cables to be 
LP.

While we would preferably ALLOW (but not require) LP cables for other than 4 pair cabling (something I don’t object to), I can’t think of a 
way to do that with the current construction of the article without also introducing ampacity tables for those cables, or referencing them 
elsewhere in the code.  Since such tables would be new matter, I would not attempt it on a public comment.  Without such tables, and 
without the proposed change, Sections 725.144(A) and (B) apply to ALL class 2 / 3 cables, or, as stated earlier, that LP cables woudl be 
required.  One would desire allowing non-LP, non-4-pair LP cables to carry data and power.  THis is allowed by the proposed change; 
however, I don’t see a way to directly reference the optional use of LP cables for non-4-pair at the moment.  

Related Item

• FR 9458-NFPA 70-2021
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Public Comment No. 2209-NFPA 70-2021 [ Section No. 725.144 ]

725.144  Bundling of 4-Pair Cables Transmitting Power and Data.

Sections 725.144(A) and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling on the customer side of the Communication Service Point . Section 300.11 and Parts I and III of
Article 725 shall apply to Class 2 and Class 3 circuits that transmit power and data. The conductors that carry power for the data
circuits shall be copper. The current in the power circuit shall not exceed the current limitation of the connectors.

Informational Note No. 1: One example of the use of cables that transmit power and data is the connection of closed-circuit
TV cameras (CCTV).

Informational Note No. 2: The 8P8C connector is in widespread use with powered communications systems. IEC
60603-7-2008, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way, unshielded, free and fixed
connectors, specifies these connectors to have a current-carrying capacity per contact of 1.0 amperes maximum at 60°C
(149°F). See IEC 60603-7 for more information on current-carrying capacity at higher and lower temperatures.

Informational Note No. 3: The requirements of Table 725.144 were derived for carrying power and data over 4-pair copper
balanced twisted pair cabling. This type of cabling is described in ANSI/TIA 568-C.2-2009, Commercial Building
Telecommunications Cabling Standard — Part 2: Balanced Twisted-Pair Telecommunications Cabling and Components.

Informational Note No. 4: See TIA-TSB-184-A-2017, Guidelines for Supporting Power Delivery Over Balanced Twisted-
Pair Cabling, for information on installation and management of balanced twisted pair cabling supporting power delivery.

Informational Note No. 5: See ANSI/NEMA C137.3-2017, American National Standard for Lighting Systems — Minimum
Requirements for Installation of Energy Efficient Power over Ethernet (PoE) Lighting Systems, for information on
installation of cables for PoE lighting systems.

Informational Note No. 6: Rated current for power sources covered in 725.144 is the output current per conductor the
power source is designed to deliver to an operational load at normal operating conditions, as declared by the
manufacturer. In the design of these systems, the actual current in a given conductor might vary from the rated current per
conductor by as much as 20 percent. An increase in current in one conductor is offset by a corresponding decrease in
current in one or more conductors of the same cable.

(A)  Use of Class 2 or Class 3 Cables to Transmit Power and Data.

Where Types CL3P, CL2P, CL3R, CL2R, CL3, or CL2 transmit power and data, the rated current per conductor of the power
source shall not exceed the ampacities in Table 725.144 at an ambient temperature of 30°C (86°F). For ambient temperatures
above 30°C (86°F), the correction factors in Table 310.15(B)(1)(1) or in Equation 310.15(B) shall apply.

Exception: Compliance with Table 725.144 shall not be required for installations where conductors are 24 AWG or larger and
the rated current per conductor of the power source does not exceed 0.3 amperes.

Informational Note: One example of the use of Class 2 cables is a network of closed-circuit TV cameras using 24 AWG,
60°C rated, Type CL2R, Category 5e balanced twisted-pair cabling.
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(B)  Use of Class 2-LP or Class 3-LP Cables to Transmit Power and Data.

Types CL3P-LP, CL2P-LP, CL3R-LP, CL2R-LP, CL3-LP, or CL2-LP shall be permitted to supply power to equipment from a power
source with a rated current per conductor up to the marked current limit located immediately following the suffix “-LP” and shall be
permitted to transmit data to the equipment. Where the number of bundled LP cables is 192 or less and the selected ampacity of
the cables in accordance with Table 725.144 exceeds the marked current limit of the cable, the ampacity determined from the
table shall be permitted to be used. For ambient temperatures above 30°C (86°F), the correction factors of Table 310.15(B)(1)(1)
or Equation 310.15(B) shall apply. The Class 2-LP and Class 3-LP cables shall comply with the following, as applicable:

(1) Cables with the suffix “-LP” shall be permitted to be installed in bundles, raceways, cable trays, communications raceways,
and cable routing assemblies.

(2) Cables with the suffix “-LP” and a marked current limit shall follow the substitution hierarchy of 722.135(E) for the cable type
without the suffix “-LP” and without the marked current limit.

(3) System design shall be permitted by qualified persons under engineering supervision.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C AWG 4-pair”. See 722.179(A)(9).

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on
Copper Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F),
75°C (167°F), and 90°C (194°F) Rated Cables

Number of 4-Pair Cables in a Bundle

1–7 8–19 20–37 38–61 62–91 92–192

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

AWG 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C

26 1.00 1.23 1.42 0.71 0.87 1.02 0.55 0.68 0.78 0.46 0.57 0.67 0.45 0.55 0.64 NA NA NA

24 1.19 1.46 1.69 0.81 1.01 1.17 0.63 0.78 0.91 0.55 0.67 0.78 0.46 0.56 0.65 0.40 0.48 0.55

23 1.24 1.53 1.78 0.89 1.11 1.28 0.77 0.95 1.10 0.66 0.80 0.93 0.58 0.71 0.82 0.45 0.55 0.63

22 1.50 1.86 2.16 1.04 1.28 1.49 0.77 0.95 1.11 0.66 0.82 0.96 0.62 0.77 0.89 0.53 0.63 0.72

Notes:

1. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined
by qualified personnel under engineering supervision.

2. Where only half of the conductors in each cable are carrying current, the values in the table shall be permitted to be increased
by a factor of 1.4.

Informational Note No. 1: Elevated cable temperatures can reduce a cable's data transmission performance. For information on
practices for 4-pair balanced twisted pair cabling, see TIA-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-568-C.2, which
provide guidance on adjustments for operating temperatures between 20°C and 60°C.

Informational Note No. 2: The per-contact current rating of connectors can limit the maximum allowable current below the
ampacity shown in Table 725.144.

Statement of Problem and Substantiation for Public Comment

This public comment  is picking up an item that was missed in a request to establishing a Communication Service Point as requested by 
the Correlating Committee Task Group in Public Input 1764 and numerous public inputs submitted by second Correlating Committee Task 
Group chaired by David Hittinger.  The public inputs were introduced to address Correlation and usability issues that currently make 
installation and enforcement of communications infrastructure difficult and burdensome.  The panel statement acknowledged there is 
difficulty in understanding this area of the NEC but assumed the misunderstanding was only about “the appropriate article to use for a 
given communication installation.”  The committee makes a further statement that there “is not a single point for communication 
installations that is analogous to the electrical power service point.”  This statement further acknowledges the challenge of this “point” 
being a moving target without it being defined and understood by all parties in the electrical infrastructure installation, maintenance, and 
enforcement community.

The NEC provides a long-standing and proven structure through the establishment of a Utility Service Point for implementation of safety 
requirements and support of well understood regulation boundaries that supports jurisdictional bounds to ensure qualified workers are 
installing the system on both sides of the boundary.  However, that boundary is missing or a moving target for communication installations.  
In modern electrical infrastructure installations, communications are now an integral aspect of our connected electrical infrastructure and 
no longer stands independent from the electrical infrastructure.  As the NEC contemplates Cybersecurity requirements and critical energy 
and load management, the dependence on communication clearly exists today and clarity to ensure a safe, reliable, and resilient system 
becomes a must by making sure the service point it clearly identified.
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Public Comment No. 2192-NFPA 70-2021 [ Section No. 725.144(A) ]

(A)  Use of Class 2 or Class 3 Cables to Transmit Power and Data.

Where Types CL3P, CL2P, CL3R, CL2R, CL3, or CL2 transmit power and data, the rated current per conductor of the power
source shall not exceed the ampacities in Table 725.144 at an ambient temperature of 30°C (86°F). For ambient temperatures
above 30°C (86°F), the correction factors in Table 310.15(B)(1)(1) or in Equation 310.15(B) shall apply.

Exception: Compliance with Table 725.144 shall not be required for installations where conductors are 24 AWG or larger and
the rated current per conductor of the power source does not exceed 0.3 amperes as these circuits are not considered bundle-
limited Class 2 Circuits nor bundle-limited Class 3 Circuits .

Informational Note: One example of the use of Class 2 cables is a network of closed-circuit TV cameras using 24 AWG,
60°C rated, Type CL2R, Category 5e balanced twisted-pair cabling.

Statement of Problem and Substantiation for Public Comment

Some Authorities Having Jurisdiction have identified Table 725.144 compliance as the key differentiator between 4-pair cable installations 
that require permitting and inspection versus those legacy types that have traditionally been exempt. The lack of a defined term for circuits 
that are subject to a bundle limit in the NEC makes setting corresponding policies in local regulations cumbersome. The NFPA defining a 
term here would help with education, inspection, and adoption of the code.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 2200-NFPA 70-2021 [Definitions (100): Class 2 Cir... to Class 3 Cir...] Definition of introduced term.

Public Comment No. 2200-NFPA 70-2021 [Definitions (100): Class 2 Cir... to Class 3 Cir...]
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Public Comment No. 1429-NFPA 70-2021 [ Section No. 725.144(B) ]

(B)  Use of Class 2-LP or Class 3-LP Cables to Transmit Power and Data.

Types CL3P-LP, CL2P-LP, CL3R-LP, CL2R-LP, CL3-LP, or CL2-LP shall be permitted to supply power to equipment from a power
source with a rated current per conductor up to the marked current limit located immediately following the suffix “-LP” and shall be
permitted to transmit data to the equipment. Where the number of bundled LP cables is 192 or less and the selected ampacity of
the cables in accordance with Table 725.144 exceeds the marked current limit of the cable, the ampacity determined from the
table shall be permitted to be used. For ambient temperatures above 30°C (86°F), the correction factors of Table 310.15(B)(1)(1)
or Equation 310.15(B) shall apply. The Class 2-LP and Class 3-LP cables shall comply with the following, as applicable:

(1) Cables with the suffix “-LP” shall be permitted to be installed in bundles, raceways, cable trays, communications raceways,
and cable routing assemblies.

(2) Cables with the suffix “-LP” and a marked current limit shall follow the substitution hierarchy of 722.135(E) for the cable type
without the suffix “-LP” and without the marked current limit.

(3) System design shall be permitted by qualified persons under engineering supervision.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C 23 AWG 4-pair”. See 722.179(A)(9).

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on
Copper Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F),
75°C (167°F), and 90°C (194°F) Rated Cables

Number of 4-Pair Cables in a Bundle

1–7 8–19 20–37 38–61 62–91 92–192

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

Temperature
Rating

AWG 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C 60°C 75°C 90°C

26 1.00 1.23 1.42 0.71 0.87 1.02 0.55 0.68 0.78 0.46 0.57 0.67 0.45 0.55 0.64 NA NA NA

24 1.19 1.46 1.69 0.81 1.01 1.17 0.63 0.78 0.91 0.55 0.67 0.78 0.46 0.56 0.65 0.40 0.48 0.55

23 1.24 1.53 1.78 0.89 1.11 1.28 0.77 0.95 1.10 0.66 0.80 0.93 0.58 0.71 0.82 0.45 0.55 0.63

22 1.50 1.86 2.16 1.04 1.28 1.49 0.77 0.95 1.11 0.66 0.82 0.96 0.62 0.77 0.89 0.53 0.63 0.72

Notes:

1. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined
by qualified personnel under engineering supervision.

2. Where only half of the conductors in each cable are carrying current, the values in the table shall be permitted to be increased
by a factor of 1.4.

Informational Note No. 1: Elevated cable temperatures can reduce a cable's data transmission performance. For information on
practices for 4-pair balanced twisted pair cabling, see TIA-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-568-C.2, which
provide guidance on adjustments for operating temperatures between 20°C and 60°C.

Informational Note No. 2: The per-contact current rating of connectors can limit the maximum allowable current below the
ampacity shown in Table 725.144.

Statement of Problem and Substantiation for Public Comment

Editorial: informational note after item 3 is missing '23' in the example marking. "75C AWG" should be "75C 23 AWG"
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Public Comment No. 2156-NFPA 70-2021 [ Section No. 725.144 [Excluding any Sub-Sections] ]

Sections 725.144(A) and (B) shall apply to Class 2 and Class 3 circuits that transmit power and data to a powered device over
listed 4-pair (8 conductor) cabling . Section 300.11 and Parts I and III of Article 725 shall apply to Class 2 and Class 3 circuits that
transmit power and data. The conductors that carry power for the data circuits shall be copper. The current in the power circuit
shall not exceed the current limitation of the connectors.

Informational Note No. 1: One example of the use of cables that transmit power and data is the connection of closed-circuit
TV cameras (CCTV).

Informational Note No. 2: The 8P8C connector is in widespread use with powered communications systems. IEC
60603-7-2008, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way, unshielded, free and fixed
connectors, specifies these connectors to have a current-carrying capacity per contact of 1.0 amperes maximum at 60°C
(149°F). See IEC 60603-7 for more information on current-carrying capacity at higher and lower temperatures.

Informational Note No. 3: The requirements of Table 725.144 were derived for carrying power and data over 4-pair copper
balanced twisted pair cabling. This type of cabling is described in ANSI/TIA 568-C.2-2009, Commercial Building
Telecommunications Cabling Standard — Part 2: Balanced Twisted-Pair Telecommunications Cabling and Components.

Informational Note No. 4: See TIA-TSB-184-A-2017, Guidelines for Supporting Power Delivery Over Balanced Twisted-Pair
Cabling, for information on installation and management of balanced twisted pair cabling supporting power delivery.

Informational Note No. 5: See ANSI/NEMA C137.3-2017, American National Standard for Lighting Systems — Minimum
Requirements for Installation of Energy Efficient Power over Ethernet (PoE) Lighting Systems, for information on installation
of cables for PoE lighting systems.

Informational Note No. 6: Rated current for power sources covered in 725.144 is the output current per conductor the power
source is designed to deliver to an operational load at normal operating conditions, as declared by the manufacturer. In the
design of these systems, the actual current in a given conductor might vary from the rated current per conductor by as
much as 20 percent. An increase in current in one conductor is offset by a corresponding decrease in current in one or
more conductors of the same cable.

Statement of Problem and Substantiation for Public Comment

The added text narrows the scope of the table and may add confusion to its use.
This table is not limited to 4 pair cable. There are "LP" rated cables covered in UL 13 that may not be 4 pair cables. Also, the use of the 
term 'listed' can be interpreted that this section only applies to -LP listed. The use of this table is not limited to -LP cables. 
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Public Comment No. 1430-NFPA 70-2021 [ Section No. 725.179 ]

725.179  Listing and Marking of Limited Power (LP) Cables.

LP cables shall be listed as suitable for carrying power and data up to a specified current limit for each conductor without
exceeding the temperature rating of the cable. The cables shall be marked with the suffix “-LP (XXA)” where XXA designates the
current limit in amperes per conductor.

Informational Note: An example of the marking on a 23 AWG, 4-pair, Class 2 cable rated 75°C with an LP current rating of
0.6 amperes per conductor is “CL2-LP(0.6A) 75°C 23 AWG 4-pair.”

Statement of Problem and Substantiation for Public Comment

This section is 100% duplicated in 722.179(A)(9), as FR9582 moved this text there. 725.179 should be deleted. 
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Public Comment No. 1083-NFPA 70-2021 [ Section No. 726.1 ]

726.1  Scope.

This article covers the installation of wiring, systems and equipment of , including utilization equipment, using fault-managed
power (FMP) systems, including utilization equipment incorporating parts of these systems .

Informational Note No. 1: See Article 100 for definitions related to this section.

Informational Note No. 2: Class 4 power systems consist of a Class 4 power transmitter and a Class 4 power receiver
connected by a cabling system. These systems are characterized by monitoring the circuit for faults and controlling the
power transmitted to ensure the energy and power delivered into any fault is limited. Class 4 systems differ from Class 1,
Class 2, and Class 3 systems in that they are not limited for power delivered to an appropriate load. They are power limited
with respect to risk of shock and fire between the Class 4 transmitter and Class 4 receiver.

Informational Note No. 3: The circuits described in this article are characterized by monitoring and control systems that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of
Chapters 1 through 4 are given regarding minimum wire sizes, ampacity adjustment and correction factors, overcurrent
protection, insulation requirements, and wiring methods and materials .

Statement of Problem and Substantiation for Public Comment

The proposed wording makes it clear that the installation of systems is included and simplifies the wording for utilization equipment that 
uses this technology. The informational note 3 does not require a detailed list of alternative requirements as these can evolve and change 
over time. It is clearer to just say that alternative requirements are provided.
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Public Comment No. 1517-NFPA 70-2021 [ Section No. 726.1 ]

726.1  Scope.

This article covers the installation of wiring and equipment of fault-managed power (FMP) systems in occupancies other than
dwelling units , including utilization equipment incorporating parts of these systems.

Informational Note No. 1: See Article 100 for definitions related to this section.

Informational Note No. 2: Class 4 power systems consist of a Class 4 power transmitter and a Class 4 power receiver
connected by a cabling system. These systems are characterized by monitoring the circuit for faults and controlling the
power transmitted to ensure the energy and power delivered into any fault is limited. Class 4 systems differ from Class 1,
Class 2, and Class 3 systems in that they are not limited for power delivered to an appropriate load. They are power limited
with respect to risk of shock and fire between the Class 4 transmitter and Class 4 receiver.

Informational Note No. 3: The circuits described in this article are characterized by monitoring and control systems that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of
Chapters 1 through 4 are given regarding minimum wire sizes, ampacity adjustment and correction factors, overcurrent
protection, insulation requirements, and wiring methods and materials.

Statement of Problem and Substantiation for Public Comment

Class 4 equipment is not currently designed for dwelling unit installation.  Dwellings have unique branch circuit and receptacle 
requirements.  The UL 1400-1 product safety standard has no interoperability testing requirements for residential appliances, HVAC 
equipment or any additional loads, cord/plug connectivity, or other residential hazards are addressed in this new article. Without more 
details on how the installation could be made safely and without potential interoperability issues in a residential environment, dwellings 
should not be included at this time.

Related Item

• FR 9606 • PC 1518

Submitter Information Verification

Submitter Full Name: Keith Waters

Organization: Schneider Electric

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 16 08:58:56 EDT 2021

Committee: NEC-P03

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPar...

132 of 210 8/26/2021, 9:01 PM



Public Comment No. 1729-NFPA 70-2021 [ Section No. 726.1 ]

726.1  Scope.

This article covers the installation of wiring and equipment of fault-managed power (FMP) systems, including utilization equipment
incorporating parts of these systems.

Informational Note No. 1: See Article 100 for definitions related to this section.

Informational Note No. 2: Class 4 power systems consist of a Class 4 power transmitter and a Class 4 power receiver
connected by a Class 4 cabling system. These systems are characterized by monitoring the circuit for faults and
controlling the power transmitted current sourced to ensure the energy and power delivered into any fault is limited. Class
4 systems differ from Class 1, Class 2, and Class 3 systems in that they are not limited for power delivered to an
appropriate load. They are power limited with respect to risk of shock and fire current limited for faults between the Class
4 transmitter and Class 4 receiver.

Informational Note No. 3: The circuits described in this article are characterized by monitoring and control systems that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of
Chapters 1 through 4 are given regarding minimum wire sizes, ampacity adjustment and correction factors, overcurrent
protection, insulation requirements, and wiring methods and materials.

Statement of Problem and Substantiation for Public Comment

Added Class 4 before 'cabling system' as these systems MUST use Class 4 cabling.
This was written with an assumption on how these systems work. Subsequent work on the listing standard reveals that the current is the 
defining factor for all faults, hence it is proper to replace power with current.
Further, the systems operate on a current and time basis (you are allowed XXXmA of current for YYmsec). This timing aspect makes it 
inappropriate to speak of the power but instead the energy when not specifically talking about the current. 
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Public Comment No. 1775-NFPA 70-2021 [ Section No. 726.1 ]

726.1  Scope.

This article covers the installation of wiring and equipment of fault-managed power (FMP) systems, including utilization equipment
incorporating parts of these systems.

Informational Note No. 1: See Article 100 for definitions related to this section of Fault Managed Power (FMP), Class 4
Circuit, Class 4 Device, Class 4 Power System, Class 4 Receiver, Class 4 Transmitter, Class 4 Tray Cable (CL4TC),  and
Class 4 Utilization Equipment .

Informational Note No. 2: Class 4 power systems consist of a Class 4 power transmitter and a Class 4 power receiver
connected by a cabling system. These systems are characterized by monitoring the circuit for faults and controlling the
power transmitted to ensure the energy and power delivered into any fault is limited. Class 4 systems differ from Class 1,
Class 2, and Class 3 systems in that they are not limited for power delivered to an appropriate load. They are power limited
with respect to risk of shock and fire between the Class 4 transmitter and Class 4 receiver.

Informational Note No. 3: The circuits described in this article are characterized by monitoring and control systems that
differentiate them from electric light and power circuits; therefore, alternative requirements to those of
Chapters 1 through 4 are given regarding minimum wire sizes, ampacity adjustment and correction factors, overcurrent
protection, insulation requirements, and wiring methods and materials.

Statement of Problem and Substantiation for Public Comment

I've listed all the 726 related definitions for the reader so they can get familiar with the terms before reading the code.

Related Item

• PI 3740
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Public Comment No. 1902-NFPA 70-2021 [ Section No. 726.121 ]

726.121  Power Sources for Class 4 Circuits.

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall
provide the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source
(transmitter) that has a peak voltage output of not more than 450 volts dc line to line or 225 volts dc line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ### 1400 -1, Standard for Class 4 Power Systems Outline for Fault-Managed Power
Systems – Part 1: General Requirements , for information on determining applicable requirements for the listing of Class 4
power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

(A)  Fault Energy and Power Limitations.

For listing purposes, under the conditions specified in 726.121(B), the energy available into a fault shall be limited according to the
requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of protection from electric shock as Class
2 circuits.

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground shall not
exceed 100 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

(B)  Fault Management.

A listed transmitter shall interrupt an energized circuit within the limits of 726.121(A) when any of the following conditions occur:

(1) An abnormal condition such as abnormal voltage, current, waveform, or load condition is identified in the system

(2) A short circuit occurs

(3) Human skin contacts energized parts

(4) A ground-fault condition exists

(5) An overcurrent condition exists

(6) Intentional shorting of the line at the receiving or transmitting end to force de-energization for purposes of maintenance or
repair occurs

(7) A malfunction of the monitoring or control system occurs

Additional Proposed Changes

File Name Description Approved
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UL 1400-1 & -2 Table of Contents, Normative References & Content 
References 

Statement of Problem and Substantiation for Public Comment

This comment was developed by the participants of a research and development project group assembled by UL to develop safety 
requirements for Fault Managed Power Systems (FMPS) to reduce the risks of electric shock and fire and facilitate the design, production 
and use of products that are physically safe. This project is intended to support the First Revision that adds Class 4 circuits to the 2023 
National Electrical Code© (NEC©) as a new Article 726. Participant companies include (in alphabetical order) ATIS, Belden, Chemours, 
Cisco, CommScope, Corning, Daiken, Enersys (formerly Alpha Technologies), Hubbell, Leviton, Panduit, Schneider Electric, Southwire, 
Superior Essex, Voltserver, and UL.  Participation in the project is broad-based and includes representation of those with knowledge and 
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experience in electrical safety, installation, code enforcement, and wire and cable. Participation in the project alone does not imply 100% 
agreement among the participant companies or individual members with the developed requirements.
The Scope of Work for the project is to develop a fault managed power safety system framework that can be recommended to installation 
code bodies, that is technically coordinated with existing and new product safety standards, and that enables “listing” of equipment 
identified for the purpose.  
1) Research of pre-existing written and electronic materials 
2) Gap analysis of existing codes and standards
3) Study of safety risks and creation of risk mitigation requirements 
4) Specifications for cabling, connectivity and equipment 
5) Development of new UL Standards encompassing new equipment, components and cables for Class 4 systems and components
During the course of this project, participants conducted research on topics that ranged from electric shock and arc-energy to grounding of 
separately derived systems. Refer to Attachment 5 for examples of papers and standards used for this research. In addition, significant 
input was sought from the participating companies to utilize their expertise and experience and aid in the practical resolution of the issues. 
As a result of this work, drafts of two new outlines of investigation (standards) have been prepared; UL 1400-1, Outline for Fault-Managed 
Power Systems – Part 1: General Requirements, and UL 1400-2, Outline for Fault-Managed Power Systems – Part 2: Requirements for 
Class 4 Cables. Refer to Attachments 1 and 2 for the Table of Contents for these new standards.
These standards are technically coordinated with existing standards while incorporating the requirements necessary to deal with the 
advanced technology of Class 4 systems. UL 1400-1 is written as a supplement to UL 62368-1, Audio/video, information and 
communication technology equipment - Part 1: Safety requirements, leveraging the technical expertise of this internationally harmonized 
standard based on the hazard-based safety engineering (HBSE) principles. UL 1400-2 is based on UL 13, Power-Limited Circuit Cables, 
and contains all of the requirements necessary to evaluate Class 4 cables. Attachments 3 and 4 identify the normative standard references 
incorporated into the requirements.
UL’s outline of investigations (standards) describe the requirements used to evaluate products and systems with detailed technical content 
addressing potential risks and their mitigation. They provide standardized, vendor-neutral and uniform solutions and procedures. 
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Public Comment No. 1085-NFPA 70-2021 [ Section No. 726.121(A) ]

(A)  Fault Energy and Power Limitations.

For listing purposes, under the conditions specified in 726.121(B), the energy available into a fault shall be limited according to the
requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of acceptable protection from electric
shock as Class 2 circuits .

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground shall not
exceed 100 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

Statement of Problem and Substantiation for Public Comment

The stated requirement is not only a time requirement, but rather a combination of the level of current and the duration (time). 
Electric shock is a complex subject. "Electric Shock" is a term that can relate to perception (I can feel it), reaction (it surprises me and I 
jump), involuntary reaction (a current causes muscles to contract/react involuntarily), inability to let-go (muscles contract and I can't let go 
of the energized part) and ventricular fibrillation. Class 4 and Class 2 circuits have not been compared for all of these possible "electric 
shock" phenomena, therefore it is not correct to say that they are equivalent in all areas. Class 4 circuits will provide protection against let-
go and ventricular fibrillation like a Class 2 circuit. The suggested wording is derived from the definition of a Class 2 circuit in Article 100:
"Class 2 Circuit - The portion of the wiring system between the load side of a Class 2 power source and the connected equipment. Due to 
its power limitations, a Class 2 circuit considers
safety from a fire initiation standpoint and provides acceptable protection from electric shock."
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Submitter Information Verification
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Public Comment No. 1520-NFPA 70-2021 [ Section No. 726.121(A) ]

(A)  Fault Energy and Power Limitations.

For listing purposes, under the conditions specified in 726.121(B), the energy available into a fault shall be limited according to the
requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of protection from electric shock as Class
2 circuits.

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground shall not
exceed 100 15 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

Additional Proposed Changes

File Name Description Approved

2017_Holm_DC_Glowing_Materials_-_Shea_-
_Final_5_June_2017.pdf

Technical Paper detailing issues with DC fire ignition at levels 
currently showing in FR 9606 

Statement of Problem and Substantiation for Public Comment

The attached publication discusses the issues in using 100 VA, the potential for fire ignition in 12Vdc circuits with available power sources 
well below 100VA.  Glowing connections can be created in the range of 5 to 15W at voltages as low as 12Vdc that have temperatures well 
above the ignition temperatures of commonly used insulators and other organic materials.The 100W limit is currently in this FR, but I don’t 
think that this number took into account glowing connections.  100W (or 100VA) seems like some arbitrary number.  Is there any research 
available to support this value other than just saying it is in the code? It would be helpful for me to see the measurements/data and 
conditions from previously published work that justifies the 100W value.

 At higher system voltages, the likelihood of series arcing increases and the higher the power in the arc since a higher system voltage will 
support a longer arc (arc length (voltage) and arc current determine arc power).  The higher the arc power, the greater the likelihood of fire 
ignition.  With a 12V system it is difficult to sustain an arc of any significant length, but at 450V the arc can become relatively long and 
sustained, especially in a  DC system since there are no zero crossing, creating a significant fire (and burn) hazard.  Series arcing as well 
as glowing connections both pose a serious fire hazard at the system voltages and currents for Class 4 systems.  Series arcing is currently 
addressed in NEC 210.12 by using AFCI’s.  Note that there are no 100VA tests in the UL1699 standard for AFCI’s. Glowing connections 
are not directly addressed in the standard but may be protected if a ground fault is created or if series arcing occurs as a result of the 
glowing connection and detected by the AFCI.

Related Item

• FR 9606

Submitter Information Verification

Submitter Full Name: Keith Waters
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Abstract  Measurements have been conducted to show that 
glowing connections can occur in DC circuits at voltages as 
low as 12Vdc.  Properties of glowing connections for dc circuit 
conditions for a variety of electrically conductive materials is 
presented.  Results reveal glowing connection characteristics 
for commonly used conductor material found in electrical 
circuits (copper and steel) for 12V, 24V, and 48V DC circuits 
up to 10A.  It was found that material type has a pronounced 
effect on the glowing voltage, with copper oxides having a 
negative temperature coefficient (NTC) of resistance and iron 
oxides having a flat (zero temperature coefficient-ZTC) to 
slight positive temperature coefficient (PTC) of resistance.  
There is also a discussion on the influence of oxide resistivity, 
circuit polarity, and circuit conditions on DC glowing 
connection properties. 

 
Keywords:  glowing contact, loose connection, DC, oxide, 

oxidation, resistivity, conductivity, glowing 

I. INTRODUCTION 

With the growing interest in DC power systems, 
especially in automobiles, LED lighting, photovoltaic (PV) 
arrays, battery storage, and DC drives for example, it is of 
general interest to determine if loose electrical connections 
in these systems can produce glowing connections, like AC 
circuits, and if so, how do they compare.  Also, can 
glowing connections be produced at low voltage such as 
12Vdc? 

 
Glowing connections can form from loose electrical 

connections that have arced with current flow [1, 2].  The 
arcing connection can form metal oxides at the connection 
interface resulting in a resistive or semi-conductive layer 
that can result in a significant voltage drop at the interface.  
This voltage drop can be high enough for the interface to 
glow with an orange incandescence [3]. This overheated 
joint can pose a fire hazard due to the high conductor 
temperatures 1100oC to 1400oC created at the glowing 
point [4].  This high temperature point source can result in 
temperature over 300oC several inches away from the glow 
along the length of a conductor [5].  This heat, conducted 
down a wire, can cause wire insulation or other organic 
insulating materials to char and potentially ignite creating 
the fire hazard [6-8]. The importance of studying glowing 
connections can be used to understand the causes of 
electrical fires and to minimize their occurrence by better 

understanding the causes to produce designs that minimize 
the risk of an electrical fire. 
 

To date virtually all the loose electrical glowing 
connection research has been made using AC circuits [1-8].  
Japanese researchers Hagimoto et al. [9] and Kinoshita et 
al. [10] are the only researchers known to have some 
measurements showing DC glowing connections but have 
not documented the associated waveforms or experimental 
details.  It has not been demonstrated if DC circuits, 
especially at voltages as low as 12Vdc, could produce 
glowing connections and subsequently have the same fire 
hazard potential as AC circuits. 

 
It is expected that the same factors controlling AC 

glow initiation and sustainability will be found to control 
DC glowing (i.e. oxide formation at the connection 
interface) [4].  This work characterizes DC glowing 
connections for commonly used DC circuit voltages (i.e. 
12V, 24V, and 48V) over a current range up to 10Adc 
including the effect of polarity for asymmetric wire 
conductor materials. 
 

II. BACKGROUND 
 

Glowing connections can form at the interface of an 
electrical connection and are characterized by an 
incandescent orange glow of molten metal oxide as 
opposed to I2R resistive heating [2,4,6].  The distinguishing 
characteristic between a glow and a resistive voltage drop is 
the non-linear behavior of the oxide resistivity on the 
glowing connection property.  The effect of material oxide 
at a connection interface will be further explored in this 
work.  In the case of a glowing copper connection, the 
voltage drop across the connection would increase with a 
decrease in current.  It would also be associated with an 
orange incandescent visible glow.  Simply having a loose 
joint with a high resistance may result in a voltage drop on 

associated with molten metal oxides at temperatures on the 
order of 1100oC to 1500oC, depending on material, has 
voltage drops on the order of 0.5 to 10 volts. 

 
A glowing connection can occur from an unintended 

loose connection that arcs under load. Oftentimes glowing 
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connections are associated with either vibratory 
applications (e.g. washing machines) or the repeated action 
of plugging and unplugging an appliance in an outlet with 
loose wires (e.g. duplex receptacles or other electrical 
fixtures) that had improperly torqued wires which become 
loose over time [5,11].  This action can provide enough 
motion that, over time, the make/break action can create 
arcing at the connection interface, creating metal oxide(s) 
that may lead to a glowing condition. 

 
It is known for AC circuits that depending on the 

proper alignment of the wires to condition the conductors 
(i.e. create metal oxide) to form a glowing connection [6].  
However, with steel conductors, the glow can occur with 
only a few or as little as one make/break operation [3,4,6]. 

 
Table 1 shows the oxides that can form during arcing 

for both copper and steel (music) wires. Some of the minor 
constituent components that make up steel were not part of 
the oxides but rather only the iron was assumed to form 
oxides. 

 
Table 1.  Relevant metal and oxide melting points expected 
in an electrical connection using copper and/or steel 
materials.  Music wire is used as the steel conductor made 
per ASTM A228 (Fe/C(0.7-1%)/Mn(0.2-0.6%)). Potential 
intermetallic oxides are not listed. (d: decomposes) Values 
from www.wikipedia.com, and [12,13]. 

Oxide or Metal Melting Temp. Boiling Temp. 
 (oC) (oC) 

Cu Reddish-brown 1083 2562 
Cu2O Red 1235 1800 
CuO Black 1326 2000 
FeO Black 1360-1424 3414 
Fe2O3 Red 1475-1565 1850d 
Fe Silvery-gray 1538 2862 
Fe3O4 Brownish-black 1583-1597 2623 

Typical DC circuits involve PV arrays, energy storage 
batteries, and LED lighting circuits.  PV arrays can consist 
of many electrical connections that connect PV panels 
together to form a larger array.  These electrical connectors 
can be subjected to harsh environmental factors such as UV 
light exposure from the sun, thermal expansion/contraction 
of connectors from cyclic heating/cooling from the sun, 
current flow, and seasonal weather changes, rain, wind, 
ice/snow, animals gnawing insulation, environmental 
pollution in the air.  Many factors can contribute to the 
deterioration of an electrical connection, especially in an 
outdoor environment. 

 
III. EXPERIMENT 

This section details the experimental setup used to 
create DC glowing connections, acquire waveforms, and 
images. 

Glowing contacts were produced using the circuit and 
fixture shown in Figs. 1 and 2.  Two different current 
limiting DC power supplies were used to provide adjustable 
DC power. One 30V/10A supply (Wanptek KPS3010D) 
was used to provide 12V and 24V with Cinternal = 4,000 F 
and Rinternal=25.5m .  A second supply 60V/5A (Wanptek 
KPS605D) was used to provide 48V/5A with Cinternal = 
1544 F and Rinternal = 39m .  Each supply had adjustable 
current-limiting and voltage regulation features but still 
produced overcurrent transients.  For example, because of 
the internal capacitance in the power supply, a transient 
current peak of 81Ap was measured upon closing the wire 
connection.  The power supply current limit was set to 10A.   
This high peak transient, occurring during the make 
operation, caused the wire conductors to oxidized more 
quickly as compared to a lower current.  Current 
waveforms were measured using a DC current sensor 
(Eaton EDCB400SP) having 10 turns of circuit conductor 
looped through the current sensor to provide a 10X signal 
since the current range was well below the upper probe 
range of 400A. 

 
Wire conductor conditioning (oxidation) was 

performed by manually turning the threaded bolt (seen in 
Fig. 2) connected to the conductor until the wires touched 
and current flowed.  Initially, a make/break action was 
performed rapidly (~3 Hz) to condition the wire surfaces by 
creating a metal oxide from the heat of the plasma during 
arcing. Either the wires were touched end-to-end to form a 
butt joint or were overlapped and slid along each other to 
create an oxide layer. 

  
A glowing condition began to form when the voltage 

Vglow began to increase and there was a change of arcing 
color from blue to orange, indicating oxide vaporization 
rather than pure metal vaporization. 

 
The current was set by adjusting the current limit 

setting of the power supply to the desired value. Two 
different procedures were used to measure glowing voltage.  
The first method was to manually sweep the current over 
the full range of the power supply and record the glowing 
voltage and current waveforms during this sweep time 
(either 10s or 25s) using a Nicolet Multipro. A Tektronix 
P6139A 10X voltage probe was used to measure the 
glowing voltage.  The second method, a current step 
method, was performed by fixing the current for about 30 
seconds, enough time for the glow to stabilize, then 
measure the glowing voltage with a DVM and the current 
from the power supply display.  The current was then 
adjusted and the process repeated over the desired current 
range. 

 
The three different open circuit voltages used 

(12V, 24V, and 48V) affected the arcing intensity during 
the make conditioning process but were found to not affect 
the glowing voltage value. The power supply open circuit 
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voltage determined the charge in the internal capacitance in 
the DC power supply.  This charge affected the transient 
current peak during the making operation.  The total circuit 
inductance, including the 10 turns of wire around the 
current sensor, measured L = 10.5 H. This inductance did 
not produce any significant over-voltages during the wire 
conditioning process.  A maximum di/dt of 0.63A/ s was 
measured during the making operation.  These results imply 
that only the inrush current due to the internal capacitance 
of the power supply used in this work affected the wire 
conditioning process.   An external resistor, R, was not 
used.  R represented the resistance of the connection wire 
(~ 20m . 

 
 

Figure 1. Circuit used to produce DC glowing connections. 

 

Figure 2. Sketch showing fixture used to create DC 
glowing connections. 

Figure 3 shows a photograph of the test setup and 
fixture used to create the DC glowing connections.  Wire 
conductors, held in place by a set screw, could easily be 
replaced as necessary.  Electrical connections were made at 
the copper blocks.  

 
 
 
 
 

IV. RESULTS 

 Two examples of typical waveforms, used to illustrate 
the differences between copper and steel conductors, are 
shown in Figs. 4 and 5.  Figure 6 shows a photograph of the 
DC glowing connection for symmetrical Cu/Cu and Fe/Fe 
connections. 
 

 
Figure 3. Photograph of the DC glowing connection fixture 
and instrumentation. 
 

 

 
Figure 4. Glowing connection waveforms for 
copper/copper connection (Cu+/Cu-) showing NTC effect. 
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Figure 5. Glowing connection waveforms for steel/steel 
connection (Fe+/Fe-) showing a slight PTC effect. 

 
(a). 

 
(b). 

Figure 6. Glowing connection photos for (a) steel/steel 
(Fe+/Fe-) and (b) copper/copper (Cu+/Cu-) connections. 

These results are for symmetrical material combinations 
where figures 7 and 8 show typical examples of 
asymmetrical or mixed conductor materials.  In this case, 
the anode material determined the glowing voltage wave 
shape (i.e. NTC or PTC characteristic).  

 
Figure 7. Glowing connection waveforms for copper/steel 
connection showing strong NTC effect (copper anode). 

 
Figure 8. Glowing connection waveforms for steel/copper 
with steel (Fe) anode showing slight PTC behavior. 
  
 An overlay of multiple trials to show repeatability is 
illustrated in Fig. 9 and corresponding power in Fig. 10. 
 

 
Figure 9. Glowing connection waveforms of material 
combinations that show repeatability of measurements. 
 

 
Figure 10. DC glowing connection power dissipation. 
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Figure 11. Glowing connection voltages, for symmetrical 
material connections, obtained from step method. 
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Figure 12. Glowing connection resistance, for symmetrical 
material connections, obtained using step method results. 

 
Figure 13. Glowing connection voltages, for asymmetrical 
material connections, obtained using step method. Notice 
combination of NTC and PTC effects. 

 
Figures 11-13 show glowing connection voltage and 

resistance obtained using the step method previously 
described.  The asymmetrical wire combinations, seen in 
Fig. 13, do not show a polarity dependence since 
sometimes the results show PTC behavior and sometimes 
NTC. 
 
 

V. DISCUSSION 
 

When testing the asymmetrical conductor combination 
of Fe+/Cu-, see Fig. 12, sometimes the resulting plot would 
have a PTC shape, like (Fe+Fe-) characteristics, and 
sometimes NTC (Cu+/Cu-).  It is postulated that the 
glowing voltage plot vs current could show this behavior 
due to material transfer from the cathode to the anode 
during the arcing phase.  This would result in the interface 
becoming symmetrical (i.e. having the same oxide type on 
the anode and cathode) thus explaining the NTC effect 
sometimes measured for the Fe+Cu- wire combination. 

 
Available temperature versus resistivity curves for 

copper oxides (CuO and Cu2O) and iron oxides (FeO and 
Fe3O4) are shown in Fig. 14.  The steel-steel wires will be 
discussed first followed by copper-copper. 

 
It has been observed that when steel-to-steel wires 

were used, glowing could be easily initiated even when the 
wires were at room temperature.  Also, even after the steel 
wires was separated for some time, the glow can be 
reinitiated quite easily.  If an interface was glowing and the 
current reduced to zero, the glow will reinitiate and current 
will flow again when the current control on the power 
supply was increased, assuming the connection at the wire 
interface was not broken.  This behavior is explained by the 
low room temperature resistivity of iron oxide, FeO and 
Fe3O4.  as seen in Fig. 14.  The resistivity of these oxides is 
such that at room temperature (i.e. 293oC) they will 
produce a sufficiently low resistance through the oxide 
layer at the interface that current will be able to easily flow. 

 
Using the well know formula for resistance, assuming 

a cylindrical geometry, the interfacial resistance can be 
estimated using equation 2. 

 
R= L/A (2) 
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Figure 14. Measured oxide and metal resistivity as a 
function of temperature for copper and iron metals [4, 14-
18].  Arrows associated with corresponding materials 
indicate the type of temperature coefficient of resistivity 
(i.e. either PTC (metals) or (NTC or ZTC) oxides). 

A= r2 where r is the wire radius of 0.040cm ( and 
L is the oxide thickness (estimated at 0.01cm from images 
of glow). Using these values and 0.1 cm for iron oxide 
(FeO) resistivity at room temperature from, Fig. 14, gives 
an interfacial resistance value of 0.2 This value will 
result in a voltage drop of 2V at 10A (very close to the 
measured voltage drop at 10A).  As the current increases 
from zero, the temperature of the glowing connection 
increases due to the increasing power (I2Rglow) generated at 
the glowing connection.  Fe3O4 and FeO both have a flat to 
slight NTC of resistance over room temperature up to the 
highest available temperature (1100oC). This flat response 
produces a linear increase in power (Fig. 10). 

 
For copper wires, copper oxides (Cu2O and CuO) form 

between the arcing copper wires.  These oxides have 
relatively high resistivity (~101-106 cm) near room 
temperature, making them essentially insulating at the 
voltages in this work.  Also, the copper oxide (Cu2O) 
resistivity greatly depends on excess (Nonstoichiometric 
ratio) of oxygen as seen in Fig. 14.  This insulating property 
at room temperature was confirmed during testing.  If a 
copper-copper glowing connection was broken and not 
quickly reestablished to a glowing condition, while the 
oxide was still hot, the interface cooled down and became 
insulating and current flow could not be reestablished.  The 
copper oxide layer then had to be broken through to allow 
metal-to-metal contact to initiate arcing to create more 
oxides at a temperature such that the resistivity of the oxide 
will be low enough to support continuous current flow.  
This would explain why it is so much more difficult to 
establish a glowing connection with copper-to-copper 
connections than with steel.   

 

The effective NTC of resistivity of the oxides produce 
a negative feedback on glowing power.  This explains why 
a glow can remain stable over a wide current range (0.5A
10A) even with changes in current over this range.  For 
decreasing current, the voltage of the copper oxide interface 
increases because of a lower oxide temperature thus, the 
power dissipated in the connection remains linear.  
Likewise, as the current increases the oxide resistance 
decreases to maintain a consistent power with current 
fluctuations.  The non-linear effect of the oxide resistivity 
with temperature produces a linear power response rather 
than the familiar exponential response for a constant 
resistance (i.e. P=I2R) thus producing stabilizing conditions 
for glowing.  As seen from the power curves in Fig. 10, the 
power dissipated in the interface of a glowing connection is 
linear with current because of the non-linear behavior of the 
oxide resistivity at the connection interface. 

 
With increasing currents and corresponding increasing 

power dissipated at the interface, the glow will eventually 
extinguish due to the interface becoming unstable and 
burning open due to the vaporization of the interfacial 
oxides (refer to Table 1 for oxide vaporization values). 
Cu2O and CuO have vaporization temperatures of 1800oC 
and 2000oC, respectively. 
 

This can explain the difficulty in sustaining a glow at 
higher currents for copper wires since the interface 
temperature is above the oxide vaporization temperature 
thus not allowing a stable interface to be formed or 
sustained.  However, when using steel wire, glowing can be 
sustained at currents higher than copper wire because iron 
oxide, FeO, has a higher vaporization temperature, 3414oC, 
than the copper oxides (2000oC) thus allowing for higher 
currents and resulting higher interface temperatures before 
the interface connection becomes unstable and burns open. 

 
 

VI.  CONCLUSION 
 
Glowing phenomena is a result of the resistive nature of 

the metal oxides that can form at the interface of a loose 
connection.  Copper oxides show a strong negative 
temperature coefficient (NTC) of resistance, typical of a 
semiconductor, and can be stable over the current range of 
0.25A to 10Adc.  Steel (Fe) conductors also show a 
relatively flat PTC of resistance.  When one connection is 
made from copper and the other steel, glowing voltage was 
dependent on which material was the anode.  However, 
oftentimes material transfer can occur from one conductor 
to another, making a symmetrical conductor pair and thus 
changing the glowing voltage behavior from anode material 
dependency to symmetrical material behavior. 

 
DC circuits can produce glowing phenomena in loose 

connections like AC circuits.  The open circuit voltage does 
not affect glowing connections until it becomes so low that 
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the supply voltage limits the glowing voltage.  However, 
having a capacitive energy storage element, like the one in 
the power supply used in this work, can lead to increased 
arcing intensity due to high transient current inrush, which 
accelerates the rate of oxide production at the connection 
interface. Circuit inductance can also contribute to the 
increased arcing intensity if the inductance and switching 
rate of change of current produces arc voltage greater than 
the system voltage. For this study, a 12Vdc circuit produced 
sufficient metal oxides to create a glowing connection. 

This data suggests that even though circuit voltages are 
low as compared to typical residential AC voltages (i.e. 
120Vrms) a glowing connection can still be formed in DC 
circuits at low DC voltages.  Also, the power dissipation in 
DC circuits was comparable to similar circuits using AC.  
Thus, LV DC connections can pose an electrical fire threat 
like AC connections. 
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Public Comment No. 1599-NFPA 70-2021 [ Section No. 726.121(A) ]

(A)  Fault Energy and Power Limitations.

For listing purposes, under Under the conditions specified in 726.121(B), the energy available into a fault shall be limited
according to the requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of protection from electric shock as Class
2 circuits.

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground shall not
exceed 100 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

Statement of Problem and Substantiation for Public Comment

If we are truly writing this for listing purposes then it belongs in a product standard, not an installation standard.
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Public Comment No. 1766-NFPA 70-2021 [ Section No. 726.121(A) ]

(A)  Fault Energy and Power Limitations.

For listing purposes, under the conditions specified in 726.121(B), the energy current available into a fault shall be limited
according to the requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of protection from electric shock as
Class 2 circuits.

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground shall not
exceed 100 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

by the Class 4 Transmitter as specified in the listing standard.

Statement of Problem and Substantiation for Public Comment

This text is very tutorial in nature, and that was likely the point for the first draft (trying to educate so that people would support). Having 
participated in developing the listing standard, it is evident that some of this was based on assumptions. The listing standard tests look for 
a current for a duration as the acceptable shock hazard. These requirements limit the energy available to line-to-line and line-to-ground 
faults based on UL shock expert recommendations. The acceptable fault current/time durations are (will be) spelled out in the listing 
document and they don't match the assumptions made when writing this text - and you can't really compare them as this was written to 
model Class 2 language where Class 4 systems are a completely different animal. Therefore, I have revised the text to remove any tutorial 
aspects and instead referred to the listing standard.
Tutorial information should be in the handbook and I will be happy to help write that section. I agree that this topic will need some tutorial 
but the Code is the wrong place for it. 
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Public Comment No. 2084-NFPA 70-2021 [ Section No. 726.121(A) ]

(A)  Fault Energy and Power Limitations.

For listing purposes, under the conditions specified in 726.121(B), the energy available into a fault shall be limited according to the
requirements of the following:

(1) A Class 4 power source shall provide protection of personnel against the risk of electric shock by de-energizing the circuit or
a portion thereof, or limiting the current, within an established period of time.

Informational Note No. 1: This time requirement provides an equivalent level of protection from electric shock as Class
2 circuits.

(2) The maximum power that can be delivered into a fault between conductors or between any conductor and ground or into a
series fault on a single conductor shall not exceed 100 volt-amperes, measured after 5 seconds.

Informational Note No. 2: This requirement reduces the risk of fire due to resistive heating.

(3) A Class 4 power source shall provide protection from the effects of arc faults by recognizing characteristics unique to arcing
and by functioning to de-energize the circuit when an arc fault is detected.

Informational Note No. 3: This requirement reduces the risk of fire due to arcing.

Statement of Problem and Substantiation for Public Comment

Class 4 circuits are intended to be fault managed and limit the amount of energy into any fault in the circuit (per 726.1 Informational Note 
2).  To make Class 4 systems fire safety equivalent to a Class 2 circuit, the 100VA limit that is currently considered to be acceptable 
protection for fire in 726.121 (A) for conductor-to-conductor resistive faults, should also be applied to series resistive faults.  Series 
resistive faults are just as likely to occur wherever the power dissipated between the transmitter and receiver exceeds 100VA, due to 
common events such as a loose connection or damaged cable. Unlike Class 2 circuits that “guarantee” a 100VA limit at the source of 
power, a fault managed system without series resistive fault detection could provide hundreds or thousands of VA into a series resistive 
fault, which is a fire risk significantly greater than existing Class 2 circuits.  A Class 4 system without a series 100VA limit should not be 
allowed to be installed using the wiring practices within Article 726 (no conduit, etc) and should require chapter 3 methods.
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Public Comment No. 1086-NFPA 70-2021 [ Section No. 726.121(B) ]

(B)  Fault Management.

A listed transmitter shall interrupt an energized circuit within the limits of 726.121(A) when any of the following conditions occur:

(1) An abnormal condition such as abnormal voltage, current, waveform, or load condition is identified in the system

(2) A short circuit occurs

(3) Human skin contacts energized parts

(4) A ground-fault condition exists

(5) An overcurrent condition exists

(6) Intentional shorting of the line at the receiving or transmitting end to force de-energization for purposes of maintenance or
repair occurs

(7) A malfunction of the monitoring or control system occurs

(8) Any other condition that presents an unacceptable risk of fire or electric shock

Statement of Problem and Substantiation for Public Comment

Because of the complexity of these systems, it is not practical for the NEC to state all of the criteria and limits for these systems. The Panel 
chose to create a list of desirable protections and then to rely on the Safety Standard to address those protections with criteria and limits. 
This is a similar approach as that used for AFCIs in 210.12. 
Since this is a new technology, there is always the risk that unforeseen conditions could present the risk of electric shock or fire. The 
addition of item 8 allows for the Safety Standard and/or the certification agency to address potentially hazardous conditions that might not 
be specifically mentioned in the original 1 through 7 list of items.
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Public Comment No. 1600-NFPA 70-2021 [ Section No. 726.121(B) ]

(B)  Fault Management.

A listed transmitter shall interrupt an energized circuit within the limits of 726.121(A) when any of the following conditions occur:

(1) An abnormal condition such as abnormal voltage, current, waveform, or load condition is identified in the system

(2) A short circuit occurs

(3) Human skin contacts energized parts

(4) A ground-fault condition exists

(5) An overcurrent condition exists

(6) Intentional shorting of the line at the receiving or transmitting end to force de-energization for purposes of maintenance or
repair occurs

(7) A malfunction of the monitoring or control system occurs

Statement of Problem and Substantiation for Public Comment

Editorial.
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Public Comment No. 1771-NFPA 70-2021 [ Section No. 726.121(B) ]

(B)  Fault Management.

A listed transmitter shall interrupt an energized circuit within the limits of 726.121(A) when any of the following conditions occur
on the circuit between the transmitter and the receiver :

(1) An abnormal condition such as abnormal voltage, current, waveform, or load condition indicative of a fault is identified in the
system

(2) A short circuit occurs

(3) Human skin contacts energized parts A line-to-ground or line-to-line current which exceeds the shock hazard safety limit
specified in the listing standard

(4) A ground-fault condition exists exists which exceeds the shock hazard safety limit specified in the listing standard

(5) An overcurrent condition exists

(6) Intentional shorting of the line at the receiving or transmitting end to force de-energization for purposes of maintenance or
repair occurs

(7) A malfunction of the monitoring or control system occurs occurs which compromises safe operation

Statement of Problem and Substantiation for Public Comment

first sentence: Text was added to the end of the first sentence to illuminate that the protection of Class 4 systems only occur on the circuit 
between the transmitter and receiver.
one: Made it clear that there may be abnormal conditions that aren't indicative of a fault and that a system will only protect for faults (i.e. 
there is a lower current threshold below which there is no hazard).
three: Human skin contact implies someone touches this and the system would fault off. A person could be isolated and not cause 
sufficient body current to force a fault. The text has been revised to describe exactly what these systems do.
four: Added text to set a limit to the ground fault current. There is a threshold below which ground fault current is not harmful.
seven: Clarified that the malfunction compromises safe operation.
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Public Comment No. 1911-NFPA 70-2021 [ Section No. 726.121(B) ]

(B)  Fault Management.

A listed transmitter shall interrupt an energized circuit within the limits of 726.121(A) when any of the following conditions occur:

(1) An abnormal condition such as abnormal voltage, current, waveform, or load condition is identified in the system

(2) A short circuit occurs

(3) Human skin contacts energized parts

(4) A ground-fault condition exists

(5) An overcurrent condition exists

(6) Intentional shorting of the line at the receiving or transmitting end to force de-energization for purposes of maintenance or
repair occurs

(7) A malfunction of the monitoring or control system occurs

Statement of Problem and Substantiation for Public Comment

It is bad practice to recommend intentionally shorting lines as a means of de-energization to allow “live” maintenance.  Standard 
disconnect methods such as powering down the class 4 transmitter or a specific class 4 circuit when a circuit is being serviced is 
recommended.  This does not mean the circuit is in anyway unsafe and cannot support short circuit per 726.122 (B) (2) but simply that 
intentionally shorting electrical conductors is bad practice.
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Public Comment No. 1084-NFPA 70-2021 [ Section No. 726.121 [Excluding any Sub-Sections] ]

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall provide
the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source (transmitter) that
has a peak voltage output of not more than 450 volts peak or dc line to line or 225 volts peak or dc line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ###-1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

Statement of Problem and Substantiation for Public Comment

Not all of these systems operate on dc. Some existing systems use pulses and there is no reason why other waveforms could not be used 
in the future. 
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Public Comment No. 1256-NFPA 70-2021 [ Section No. 726.121 [Excluding any Sub-Sections] ]

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall provide
the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source (transmitter) that
has a peak voltage output of not more than 450 volts dc line to line or 225 volts dc line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ### 14000 -1, Standard for Class 4 Power Systems, for information on determining
applicable requirements for the listing of Class 4 power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

Statement of Problem and Substantiation for Public Comment

The use of "#####" is indicative of a placeholder of a standard under develop and given the complexity of changes being made around 
Class 1 - 4 circuits within Chapter 7, potential oversights can occur. As Article 726 is needed within the industries using Class 4 power, 
rather than remove the note, we are requesting a correction to the proper designator.  As neither have been formally published at the time 
of submission, we have included the last known designation we are aware of: UL 14000-1, Standard for Class 4 Power Systems being 
developed in parallel with UL 14000-2 Standard for Class 4 Power Cable. Our information suggest that both of these documents will be 
published prior to formal approval of this version of the NEC n June of 2022.  

Additionally, both UL standards given their nature should be included within Informative Annex A.
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Public Comment No. 1516-NFPA 70-2021 [ Section No. 726.121 [Excluding any Sub-Sections] ]

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall provide
the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source (transmitter) that
has a peak voltage output of not more than 450 volts dc line to line or 225 volts dc line to ground for systems that employ a
symmetric high resistance midpoint ground reference scheme . For systems that employ an asymmetric high resistance ground
scheme (i.e., to prevent the wiring and connectors from going to a positive voltage referenced to ground, in order to prevent
corrosion), the power source (i.e., transmitter) are limited to not more than 450 volts DC line to line and line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ###-1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

Additional Proposed Changes

File Name Description Approved

NFPA2023_726_High_Resistance_asymetric_ground.pdf Comment on Class 4 section 726 

Statement of Problem and Substantiation for Public Comment

In order to prevent the wiring and cabling from corrosion, the wire and connector voltage needs to be negative. By allowing the voltage to 
go negative for a asymmetric high resistance ground reference schemes, will prevent corrosion and provide a long lifetime system. It also 
is as safe as the symmetric midpoint high resistance ground scheme is, since the line to ground fault current is limited by the reference 
high resistance (bith systems having similar high resistance paths to ground).
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8/13/2021 NEC Class 4 Safety Specification Development 1
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Public Comment No. 1732-NFPA 70-2021 [ Section No. 726.121 [Excluding any Sub-Sections] ]

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall provide
the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source (transmitter) that
has a peak voltage output of not more than 450 volts dc peak or dc line to line or 225 volts peak or dc line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ### 1400 -1, Standard for Class 4 Power Systems, for information on determining
applicable requirements for the listing of Class 4 power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

Statement of Problem and Substantiation for Public Comment

As written, the text assumes these are DC systems and precludes AC systems. Adding peak allows other waveforms than DC while still 
capping the voltage at 450V (leaving no room for 'RMS interpretations'). 
Also, the UL listing standard will be UL 1400-1 for the equipment and 1400-2 for the cabling.
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Public Comment No. 1740-NFPA 70-2021 [ Section No. 726.121 [Excluding any Sub-Sections] ]

The power source shall be a listed Class 4 power transmitter or listed Class 4 power transmitter/receiver system and shall
provide the protections in accordance with 726.121(A) and (B). Class 4 circuits shall be supplied from a power source
(transmitter) that has a peak voltage output of not more than 450 volts dc line to line or 225 volts dc line to ground.

Informational Note No. 1: Informational Note Figure 726.121 illustrates the relationships between Class 4 power
transmitters (power sources), Class 4 power transmitters (power sources) supplies, Class 4 circuits, Class 4 power
receivers, and utilization equipment.

Informational Note No. 2: See UL ###-1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Figure Informational Note Figure 726.121 Class 4
Circuits.

Statement of Problem and Substantiation for Public Comment

In Figure Informational Note Figure 726.121 there are 'TBDs'
726.1XX should be 726.121(A) & (B). Do we also add 726.124(A)?
As for 726.2XX - we do not have a specific Class 4 receiver section. We could point the reader to 726.122 and 726.124(B). 
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Public Comment No. 1602-NFPA 70-2021 [ Section No. 726.122 ]

726.122  Class 4 Loads.

Outputs of a Class 4 receiver and power outputs of Class 4 utilization equipment shall be considered a separately derived system
and shall be subject to requirements in Chapters 1 through 4 .

Informational Note: Class 4 utilization equipment that does not provide power outputs is not subject to these requirements.

Exception: A Class 4 receiver with limited-power circuit outputs shall be permitted to meet the requirements of Parts I thru
through IV of Article 725.

Statement of Problem and Substantiation for Public Comment

Compliance with Chapters 1-4 is not optional, and "thru" should be not used in formal writing.

Related Item

• FR 9606
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Public Comment No. 1910-NFPA 70-2021 [ Section No. 726.122 ]

726.122  Class 4 Loads.

Outputs of a Class 4 receiver and power outputs of Class 4 utilization equipment shall be considered a separately derived system
and shall be subject to requirements in Chapters 1 through 4 4 if the outputs are used as a supply for a feeder and/or to branch
circuit(s) .

Informational Note: Class 4 utilization equipment that does not provide power outputs is not subject to these requirements.

Exception: A Class 4 receiver with limited-power circuit outputs shall be permitted to meet the requirements of Parts I thru IV of
Article 725.

Statement of Problem and Substantiation for Public Comment

The outputs of a Class 4 receiver should be treated similarly to the outputs of a standalone Uninterruptible Power Supply (UPS) and not 
subject to all Chapter 1 – 4 requirements unless the outputs are used as a feeder and/or branch circuit.  Many receivers will power load 
devices in close proximity to the receiver itself, similar to a UPS powering a workstation or server.  One example of a requirement that 
should not be applied to a receiver used in this manner is the requirement to bond the grounding conductor to the nearest metal water pipe 
[250.104 (D)-(1)].

Related Item

• FR 9606-NFPA 70-2021
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Public Comment No. 1603-NFPA 70-2021 [ Section No. 726.124 ]

726.124  Class 4 Marking.

(A)  Class 4 Transmitter Marking.

The equipment supplying the Class 4 circuits, Class 4 receivers, and Class 4 utilization equipment shall be durably marked where
plainly visible to indicate each circuit that is a Class 4 circuit. The Where the Class 4 receiver or Class 4 utilization equipment has
user-accessible outputs, each output shall be durably marked where plainly visible.These marking shall also include the
maximum voltage and current output for each connection point. Where multiple connection points have the same rating, a single
label shall be permitted to be used.

Informational Note: An example of marking is “Class 4: +/–190V, 5A” for a Class 4 transmitter capable of delivering 1.9
kW from 380 volts line to line.

(B)  Class 4 Receiver Marking.

A Class 4 receiver or Class 4 utilization equipment shall be durably marked where plainly visible to indicate each circuit that is a
Class 4 circuit. The marking shall also include the maximum input voltage and current for each connection point. Where the
Class 4 receiver or Class 4 utilization equipment has user-accessible outputs, each output shall be durably marked where plainly
visible. The marking shall also include the maximum output voltage and current for each connection point. Where multiple
connection points have the same rating, a single label shall be permitted to be used.

Statement of Problem and Substantiation for Public Comment

These two paragraphs can be consolidated into one without sacrificing usability or clarity.

Related Item

• FR 9606
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Public Comment No. 1087-NFPA 70-2021 [ Section No. 726.124(B) ]

(B)  Class 4 Receiver Marking.

(1) Class 4 Circuits. A Class 4 receiver or Class 4 utilization equipment shall be durably marked where plainly visible to indicate
each circuit that is a Class 4 circuit. The marking shall also include the maximum input voltage and current for each connection
point.

(2) Output Terminals and Socket-Outlets. Where the Class 4 receiver or Class 4 utilization equipment has user-accessible
outputs has output terminals or socket-outlets for providing power to other equipment , each output shall be durably marked where
plainly visible. The marking shall also include shall include the maximum output voltage and current for each connection point.
Where multiple connection points have the same rating, a single label shall be permitted to be used.

Statement of Problem and Substantiation for Public Comment

The proposed wording separates and clarifies the marking requirements for the input Class 4 terminals and the output terminals or socket 
outlets that provide power to other equipment. The output ports should be marked with a rating whether or not they are user accessible. 
This is consistent with the marking requirements for Class 2 circuits in 725.121(C).

"725.121(C) Marking. The power sources for limited power circuits in 725.121(A)(3), limited power circuits for listed audio/video equipment, 
listed information technology equipment, listed communications equipment, and listed industrial equipment in 725.121(A)(4) shall have a 
label indicating the maximum voltage and maximum current or maximum voltage and nominal current output per conductor for each 
connection point on the power source. Where multiple connection points have the same rating, a single label shall be permitted to be used. 
For equipment with a rated current per conductor less than 0.3 amperes, the effective date shall be January 1, 2021."

Related Item

• FR 9606
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Public Comment No. 1697-NFPA 70-2021 [ Section No. 726.124(B) ]

(B)  Class 4 Receiver Marking.

A Class 4 receiver or Class 4 utilization equipment shall be durably marked where plainly visible to indicate each circuit that is a
Class 4 circuit. The marking shall also include the maximum input voltage and current for each connection point. Where the Class
4 receiver or Class 4 utilization equipment has user-accessible outputs, each output shall be durably marked where plainly visible.
The marking shall also include the maximum output voltage and current for each connection point. Where multiple connection
points have the same rating, a single label shall be permitted to be used.  The output marking shall also include the listing mark
for the output circuit.

Statement of Problem and Substantiation for Public Comment

The output of the receiver will be required to meet the appropriate product safety standard for the specific output.  An example would be if 
the receiver is a class 2 power supply and would need to be marked to the appropriate UL listing.  Another example could be if it is a low 
voltage dc circuit and would have to be listed per the requirements for a separately derived system.

Related Item

• FR 9606
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Public Comment No. 1259-NFPA 70-2021 [ Section No. 726.170 ]

726.170  Listing of Equipment for Class 4 Systems.

The active components of a Class 4 system shall be listed as a Class 4 device. The Class 4 transmitter and Class 4 receiver
combination or Class 4 transmitter and Class 4 utilization equipment combination shall be listed as a system to confirm
interoperability.

Informational Note: See UL ### 14000 -1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

The use of "#####" is indicative of a placeholder of a standard under develop and given the complexity of changes being made around 
Class 1 - 4 circuits within Chapter 7, potential oversights can occur. As Article 726 is needed within the industries using Class 4 power, 
rather than remove the note, we are requesting a correction to the proper designator.  As neither have been formally published at the time 
of submission, we have included the last known designation we are aware of: UL 14000-1, Standard for Class 4 Power Systems being 
developed in parallel with UL 14000-2 Standard for Class 4 Power Cable. Our information suggest that both of these documents will be 
published prior to formal approval of this version of the NEC n June of 2022.  

Additionally, both UL standards given their nature should be included within Informative Annex A.

Related Item

• FR-9606
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Public Comment No. 1773-NFPA 70-2021 [ Section No. 726.170 ]

726.170  Listing of Equipment for Class 4 Systems.

The active components of a Class 4 system shall be listed as a Class 4 device. The Class 4 transmitter and Class 4 receiver
combination or Class 4 transmitter and Class 4 utilization equipment combination shall be listed as a system to confirm
interoperability.

Informational Note: See UL ### 1400 -1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

The UL listing standard for Class 4 equipment is UL 1400-1

Related Item

• PI 3740

Submitter Information Verification

Submitter Full Name: Chad Jones

Organization: Cisco Systems

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 17 17:30:07 EDT 2021

Committee: NEC-P03

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPar...

157 of 210 8/26/2021, 9:01 PM



Public Comment No. 1904-NFPA 70-2021 [ Section No. 726.170 ]

726.170  Listing of Equipment for Class 4 Systems.

The active components of a Class 4 system shall be listed as a Class 4 device. The Class 4 transmitter and Class 4 receiver
combination or Class 4 transmitter and Class 4 utilization equipment combination shall be listed as a system to confirm
interoperability.

Informational Note: See UL ### 1400 -1, Standard for Class 4 Power Systems Outline for Fault-Managed Power Systems –
Part 1: General Requirements , for information on determining applicable requirements for the listing of Class 4 power
systems.

Additional Proposed Changes

File Name Description Approved

PC_1904_Attachment_C_Randolph_Ivans.pdf
UL 1400-1 & -2 Table of Contents, Normative references and Content 
Resources 

Statement of Problem and Substantiation for Public Comment

This comment was developed by the participants of a research and development project group assembled by UL to develop safety 
requirements for Fault Managed Power Systems (FMPS) to reduce the risks of electric shock and fire and facilitate the design, production 
and use of products that are physically safe. This project is intended to support the First Revision that adds Class 4 circuits to the 2023 
National Electrical Code© (NEC©) as a new Article 726. Participant companies include (in alphabetical order) ATIS, Belden, Chemours, 
Cisco, CommScope, Corning, Daiken, Enersys (formerly Alpha Technologies), Hubbell, Leviton, Panduit, Schneider Electric, Southwire, 
Superior Essex, Voltserver, and UL.  Participation in the project is broad-based and includes representation of those with knowledge and 
experience in electrical safety, installation, code enforcement, and wire and cable. Participation in the project alone does not imply 100% 
agreement among the participant companies or individual members with the developed requirements.
The Scope of Work for the project is to develop a fault managed power safety system framework that can be recommended to installation 
code bodies, that is technically coordinated with existing and new product safety standards, and that enables “listing” of equipment 
identified for the purpose.  
1) Research of pre-existing written and electronic materials 
2) Gap analysis of existing codes and standards
3) Study of safety risks and creation of risk mitigation requirements 
4) Specifications for cabling, connectivity and equipment 
5) Development of new UL Standards encompassing new equipment, components and cables for Class 4 systems and components
During the course of this project, participants conducted research on topics that ranged from electric shock and arc-energy to grounding of 
separately derived systems. Refer to Attachment 5 for examples of papers and standards used for this research. In addition, significant 
input was sought from the participating companies to utilize their expertise and experience and aid in the practical resolution of the issues. 
As a result of this work, drafts of two new outlines of investigation (standards) have been prepared; UL 1400-1, Outline for Fault-Managed 
Power Systems – Part 1: General Requirements, and UL 1400-2, Outline for Fault-Managed Power Systems – Part 2: Requirements for 
Class 4 Cables. Refer to Attachments 1 and 2 for the Table of Contents for these new standards.
These standards are technically coordinated with existing standards while incorporating the requirements necessary to deal with the 
advanced technology of Class 4 systems. UL 1400-1 is written as a supplement to UL 62368-1, Audio/video, information and 
communication technology equipment - Part 1: Safety requirements, leveraging the technical expertise of this internationally harmonized 
standard based on the hazard-based safety engineering (HBSE) principles. UL 1400-2 is based on UL 13, Power-Limited Circuit Cables, 
and contains all of the requirements necessary to evaluate Class 4 cables. Attachments 3 and 4 identify the normative standard references 
incorporated into the requirements.
UL’s outline of investigations (standards) describe the requirements used to evaluate products and systems with detailed technical content 
addressing potential risks and their mitigation. They provide standardized, vendor-neutral and uniform solutions and procedures. 
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ATTACHMENT 1 
Table of Contents for UL 1400-1,  

Outline for Fault-Managed Power Systems – Part 1:  
General Requirements 

 



 

 

 
ATTACHMENT 2 

Table of Contents for UL 1400-2,  
Outline for Fault-Managed Power Systems – Part 2: 

Requirements for Class 4 Cables  
 
CONTENTS 

INTRODUCTION................................................................................................................................5 

 

CONSTRUCTION  

 

1 Scope ................................................................................................................................................5 

2 Units of Measurement .......................................................................................................................7 

3 References and Terms.............................................. .................................... ...................7 

4 Materials ............................................................................................................................................7 

5 Conductors.........................................................................................................................................7 

6 Metal Coating ............................................................................................................. .....................10 

7 Insulation...................................................................................................................... ................... 11 

7.1 Material and application ............................................................................................................... 11 

7.2 Properties ................................................................................................................ .....................12 

7.3 Thicknesses...................................................................................................................................14 

8 Coaxial and Optical-Fiber Members..................................................................................................20 

9 Individual Covering............................................................................................................................21 

10 Electromagnetic Shield(s) ..............................................................................................................22 

11 Binder(s)..........................................................................................................................................23 

12 Assembly of Multiple-Conductor Cable...........................................................................................23 

13 Cable Jacket....................................................................................................................................25 

 

MANUFACTURING AND PRODUCTION TESTS ...............................................................................32 

 

14 Continuity Test of Conductors and Shields......................................................................................32 

15 Spark Test after Insulating ………………………………………….....................................................33 

16 Dielectric Voltage-Withstand Test  ………………………………………............................................33 

 

PERFORMANCE .............................................................................................................................34 

 

17 D-C Resistance Test of Copper Conductors.....................................................................................34 

18 Cold Bend Test of Insulation ............................................................................................................39 

19 Cold Bend Test of Complete Cable ..................................................................................................40 

20 Smoke and Fire Testing of Type C4P Cables…………….................................................................43 

21 Fire Testing of Type CL4R Cables ………….. ..................................................................................43 

22 Vertical-Tray Flame Tests on Type CL4 Cables ………………………………. .................................44 

22.1 General..........................................................................................................................................44 



22.2 UL Test ..........................................................................................................................................44 

22.3 FT4/IEEE 1202 test........................................................................................................................45 

22.4 Vertical-tray fire and smoke-release test for cables with "ST-1" marking ......................................45 

23 Sunlight Resistance Test.................................. ...............................................................46  

24 Long Term Insulation-Resistance Test in Water...............................................................................45 

25 Insulation Resistance Test at 60.0°F (15.6°C) .................................................................................46 

26 Test Procedure for Determining the Multiplying-Factor Column for Adjusting Insulation 

Resistance.............................................................................................................................................49 

27 Shrinkback Test on Thermoplastic Insulation  …………………………………………........................51 

28 Crushing Resistance Test of Insulation.............................................................................................52 

29 Crushing Test for Cable Marked for Direct Burial .............................................................................53 

30 Mechanical Water Absorption Test of Insulation in Direct-Burial Cable ...........................................54 

31 Tests for Oil Resistance ....................................................................................................................61 

32 Durability Test of Ink Printing ............................................................................................................61 

33 Breaking Strength Test .....................................................................................................................62 

34 Cable Heating Test – For Cables Marked -FMP (XXA).....................................................................62 

 

 

MARKINGS .....................................................................................................................................63 

35 Intervals .............................................................................................................................................63 

36 Coding ...............................................................................................................................................63 

37 Information on or in the Cable............................................................................................................63 

38 Information on the Tag, Reel, or Carton ............................................................................................67 

30 Multiple Markings ...............................................................................................................................68 

40 Date of Manufacture ....................................................................... .................................69 

  



ATTACHMENT 3 
Normative Standards Referenced in UL 1400-1 

 

• UL 991, Tests for Safety-Related Controls Employing Solid-State Devices 

• UL 1998, Software in Programmable Components    

• UL 60730-1, Automatic Electrical Controls – Part 1: General Requirements  

• UL: 62368-1, Audio/video, information and communication technology equipment - Part 1: 
Safety requirements 

• IEC 60479-1, Effects of current on human beings and livestock – Part 1: General aspects 

• IEC 60479-2, Effects of current on human beings and livestock – Part 2: Special aspects  

• IEC 61508-1, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 1: General Requirements  

• IEC 61508-2, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 2: Requirements for Electrical/Electronic/Programmable Electronic 
Safety-Related Systems 

• IEC 61508-3, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-
Related Systems - Part 3: Software Requirements  

• IEC 61508-4, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 4: Definitions and Abbreviations  

• IEC 61508-5, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-
Related Systems - Part 5: Examples of Methods for the Determination of Safety Integrity 
Levels 

• IEC 61508-6, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 6: Guidelines on the Application of IEC 61508-2 and IEC 61508-3 

• IEC 61508-7, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 7: Overview of Techniques and Measures  

• IEC 62061, Safety of Machinery – Functional Safety of Safety-Related Electrical, Electronic 
and Programmable Electronic Control Systems   

• ISO 13849-1, Safety of Machinery - Safety-Related Parts of Control Systems - Part 1: 
General Principles for Design 

• ISO 13849-2, Safety of Machinery - Safety-Related Parts of Control Systems - Part 2: 
Validation 

• ATIS-0600040, Fault Managed Power Distribution Technologies – Human Contact Fault 
Analysis 
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ATTACHMENT 4 
Normative Standards Referenced in UL 1400-2 

 

• UL 13, Power-Limited Circuit Cables 

• UL 444, Communications Cables 

• UL1581, Reference Standard for Electrical Wires, Cables, and Flexible Cords  

• UL 1651, Optical Fiber Cable 

• UL1666 , Test for Flame Propagation Height of Electrical and Optical-Fiber Cables Installed 

Vertically in Shafts 

• UL2556, Wire and Cable Test Methods  

• NFPA 262, Standard Method of Test for Flame Travel and Smoke of Wires and Cables for 
Use in Air-Handling Spaces 

 

 

  



 
 

ATTACHMENT 5 
Examples of papers and standards consulted during the 

development of requirements 
 

• “Electric Shock Hazard Considerations for Fault Managed Power Distribution Technologies” 

 -Hai Jiang, Ph.D. P.E. & Alex Di Sciullo Jones 

• “The Establishment of Energy-Based Test Criteria for Fault-Managed Power Distribution 

Technologies”  -Paul W. Brazis, Jr., PhD 

• “On Extending the 𝑇𝑑−𝐼𝑏 Curve b Limit For 𝑇𝑑 Shorter Than 10ms.”  Rev. A0.4.  11/23/2020” 

 - Dr. Francisco Paz 

• “DC Arc-fault Testing to Support Photovoltaic Arc-fault Protection Device Requirements” October 
8, 2013 

- David A. Dini, P.E. and Paul W. Brazis Jr., PhD 
 

• IEC 60479-1, Effects of current on human beings and livestock – Part 1: General aspects  

• IEC 60479-2, Effects of current on human beings and livestock – Part 2: Special aspects  

• ATIS-0600040 (Draft), Fault Managed Power Distribution Technologies – Human Contact 
Fault Analysis 

• UL 489I, Outline for Solid State Molded-Case Circuit Breakers 

• UL 943, Ground-Fault Circuit-Interrupters 

• UL 1699B, Photovoltaic (PV) DC Arc-Fault Circuit Protection 

• UL 1741, Inverters, Converters, Controllers and Interconnection System Equipment for Use 
With Distributed Energy Resources  

• UL 1778, Uninterruptible Power Systems  

• UL 2271, Batteries for Use In Light Electric Vehicle (LEV) Applications 

• UL 60730-1, Automatic Electrical Controls – Part 1: General Requirements, Annex H 

• UL: 62368-1, Audio/video, information and communication technology equipment – Part 1: Safety 

requirements 



Public Comment No. 1912-NFPA 70-2021 [ Section No. 726.170 ]

726.170  Listing of Equipment for Class 4 Systems.

The active components of a Class 4 system shall be listed as a Class 4 device. The Class 4 transmitter and Class 4 receiver

combination or Class 4 transmitter and Class 4 utilization equipment combination Devices shall be listed as a system to confirm

interoperability for the use as part of the same idenƟfied Class 4 system .

Informational Note: See UL ###-1, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

Requiring devices to be listed “as a system” would create confusion with respect to device model numbers.  Typically, a listing is tied to a 
specific model and/or part number.  If each combination was required to be listed this could result in an unmanageable number of model 
and/or part numbers.  It is sufficient to test and confirm interoperability as part of the NRTL listing process but not require that the listing to 
be for the system as a whole.  This is the same concept behind 411.4(A) for Low-Voltage Lighting systems which states “The luminaires, 
power supply, and luminaire fittings (including the exposed bare conductors) of an exposed bare  conductor lighting system shall be listed 
for the use as part of the same identified lighting system.”

Related Item

• FR 9606-NFPA 70-2021
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Public Comment No. 1780-NFPA 70-2021 [ Section No. 726.203 ]

726.203  Other Articles.

In addition to the requirements of this article, circuits and equipment shall comply with the requirements in 726.3(A) through (N).
Only those sections of Article 300 referenced in this article shall apply to Class 4 power systems.

(A)  Number and Size of Conductors in Raceway.

The number and size of conductors shall comply with the requirements of 300.17.

(B)  Spread of Fire or Products of Combustion.

Installation of Class 4 circuits shall comply with the requirements of 300.21.

(C)  Ducts, Plenums, and Other Air-Handling Spaces.

Class 4 circuits installed in ducts, plenums, and other spaces used for environmental air shall comply with the requirements of
300.22.

(D)  Cable Trays.

Cable tray installations shall comply with the requirements of Parts I and II of Article 392.

(E)  Instrumentation Tray Cable.

Instrumentation tray cable (Type ITC) installations shall comply with the requirements of 727.1 and 727.4 through 727.9.

(F)  Raceways Exposed to Different Temperatures.

Installations shall comply with the requirements of 300.7(A).

(G)  Bushing.

Bushings shall be installed where cables emerge from raceways used for mechanical support or protection in accordance with
300.15(C).

(H)  Installation of Conductors With Other Systems.

Installation of conductors with other systems shall comply with the requirements of 300.8.

(I)  Corrosive, Damp, or Wet Locations.

Class 4 cables installed in corrosive, damp, or wet locations shall comply with the applicable requirements of 110.11, 300.5(B),
300.6, 300.9, and 310.10(F).

(

J)  Cable Routing Assemblies.

Class 4 and Type CL4TC cables shall be permitted to be installed in plenum cable routing assemblies, riser cable routing
assemblies, and general-purpose cable routing assemblies selected in accordance with Table 800.154(c), listed in accordance
with 800.182, and installed in accordance with 800.110(C) and 800.113.

(K)  Communications Raceways.

Where the requirements applicable to electrical nonmetallic tubing (ENT) apply, Class 4 and Type CL4TC cables shall be
permitted to be installed in plenum communications raceways, riser communications raceways, and general-purpose
communications raceways selected in accordance with Table 800.154(b), listed in accordance with 800.182, and installed in
accordance with 800.113 and 362.24 through 362.56.

(L)  Temperature Limitation of Class 4 Cables.

The requirements of 310.14(A)(3) on the temperature limitation of conductors shall apply to Class 4 cables.

(M)  Identification of Equipment Grounding Conductors.

Equipment grounding conductors shall be identified in accordance with 250.119.

Exception: Class 4 cables that do not contain an equipment grounding conductor shall be permitted to use a conductor with
green or green with one or more yellow stripes insulation for other than equipment grounding purposes.

Statement of Problem and Substantiation for Public Comment

delete text covered in other sections:
covered in 722.3: A, B, C, D, F, H, I, L, and M

726.203(E) was recommended deleted by another PC (1779)

726.203(G) covered in 722.24(A)

726.203(J) & (K) do not match what's in 722. Therefore, leaving them in 726.

Related Public Comments for This Document
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Public Comment No. 1784-NFPA 70-2021 [Sections 726.203(J), 726.203(K)]

Public Comment No. 1794-NFPA 70-2021 [Section No. 722.3(N)]

Public Comment No. 1795-NFPA 70-2021 [Section No. 722.3(M)]

Public Comment No. 1860-NFPA 70-2021 [Section No. 722.1]

Related Item

• PI 3671 and PI 3740
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Public Comment No. 1779-NFPA 70-2021 [ Section No. 726.203(E) ]

(E)  Instrumentation Tray Cable.

Instrumentation tray cable (Type ITC) installations shall comply with the requirements of 727.1 and 727.4 through 727.9.

Statement of Problem and Substantiation for Public Comment

ITC is allowed for 150V or less and 5A or less, and the conductor insulation is only required to be 300V. This doesn't match the 
requirements for Class 4 cable to have a 450V rating. It was an oversight to include ITC in the list of other articles for FMP. Therefore, I've 
deleted.

Related Item

• PI 3740
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Public Comment No. 1798-NFPA 70-2021 [ Section No. 726.203(E) ]

(E)  Instrumentation Tray Cable.

Instrumentation tray cable (Type ITC) installations shall comply with the requirements of 727.1 and 727.4 through 727.9.

Statement of Problem and Substantiation for Public Comment

ITC cable does not meet the voltage requirements for class 4 installations since sources can be as high as 400V and ITC cable is only 
rated to 300V according to 335.6.  This appears to be a copy and paste error.  Additionally, if it were kept, the references are wrong, as ITC 
is now in Chapter 3.

Related Item

• FR 9606-NFPA 70-2021 (new article 726)
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Public Comment No. 1784-NFPA 70-2021 [ Sections 726.203(J), 726.203(K) ]

Sections 726.203 3 (J A ), 726.203 3 (K B )

(J A )  Cable Routing Assemblies.

Class 4 and Type CL4TC cables shall be permitted to be installed in plenum cable routing assemblies, riser cable routing
assemblies, and general-purpose cable routing assemblies selected in accordance with Table 800.154(c), listed in accordance
with 800.182, and installed in accordance with 800.110(C) and 800.113.

(K B )  Communications Raceways.

Where the requirements applicable to electrical nonmetallic tubing (ENT) apply, Class 4 and Type CL4TC cables shall be
permitted to be installed in plenum communications raceways, riser communications raceways, and general-purpose
communications raceways selected in accordance with Table 800.154(b), listed in accordance with 800.182, and installed in
accordance with 800.113 and 362.24 through 362.56.

Statement of Problem and Substantiation for Public Comment

Moving these back to 726.3 and 're-lettering' to A and B.
These sections don't quite match what's in 722(K) and (L), therefore recommending to leave them in 726. Alternately, we could modify 722 
to incorporate the Class 4 specific material.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 1780-NFPA 70-2021 [Section No. 726.203]

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1896-NFPA 70-2021 [ New Section after 726.203(M) ]

TITLE OF NEW CONTENT

(N) Ampacity . The ampacity of Class 4 cables shall meet the requirements in 310.15 based on temperature rating of the Class 4
cable for conductors in sizes 16 - 6 AWG. For conductors sized 24 - 17 AWG, the cable shall be rated for the intended ampacity
as evidenced by the marking FMP-XXA, where XX is the maximum allowable ampacity permitted.

Statement of Problem and Substantiation for Public Comment

Class 4 cables are intended to carry current as indicated in 726.1, Informational Note 3. Currently, Article 726 does not contain ampacity 
requirements. Testing of a variety of 18-24 AWG cables in a typical bundle size of 37 cables has shown that these cables can overheat 
when carrying currents expected with Class 4 systems. Because of the wide variety of cable constructions expected to be used with these 
systems (2-pair, 8-pair, shielded, unshielded, with and without optical fiber, etc.) it is not practical to create ampacity tables for these size 
conductors. The FMP-XXA designation ensures that the cables have been tested and are able to carry the marked current safely.

This comment was developed by the participants of a research and development project group assembled by UL to develop safety 
requirements for Fault Managed Power Systems (FMPS) to reduce the risks of electric shock and fire and facilitate the design, production 
and use of products that are physically safe. This project is intended to support the First Revision that adds Class 4 circuits to the 2023 
National Electrical Code© (NEC©) as a new Article 726. Participant companies include (in alphabetical order) ATIS, Belden, Chemours, 
Cisco, CommScope, Corning, Daiken, Enersys (formerly Alpha Technologies), Hubbell, Leviton, Panduit, Schneider Electric, Southwire, 
Superior Essex, Voltserver, and UL.  Participation in the project is broad-based and includes representation of those with knowledge and 
experience in electrical safety, installation, code enforcement, and wire and cable. Participation in the project alone does not imply 100% 
agreement among the participant companies or individual members with the developed requirements.

Related Item
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Public Comment No. 1786-NFPA 70-2021 [ Section No. 726.212 ]

726.212  12  Uses Not Permitted.

(A)  Hazardous (Classified) Locations.

Cables shall not be installed in any hazardous (classified) location, except as permitted by other articles of this Code.

Informational Note: Hazardous locations are covered in Articles 500 through 516 and in Part IV of Article 517.

(B)  Other Applications.

Class 4 cables shall not be permitted for any applications that are not part of a Class 4 distribution system.

Exception: Use of CL4 cable for other applications shall be permitted if the cable has multiple listings.

Statement of Problem and Substantiation for Public Comment

This section has been renumber to 726.12 to move it to Part I of the 726 article, the proper place for this text. This mirrors 725. 
This text was moved out to the 'cabling section' by the Panel in FR because it was assumed it would be covered in 722. If this is deleted 
from 726 because it is covered in 722, then 725.12 should also be deleted.

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1607-NFPA 70-2021 [ Section No. 726.212(A) ]

(A)  Hazardous (Classified) Locations.

Cables shall not be installed in any hazardous (classified) location, except as permitted by other articles of this Code .

Informational Note: Hazardous locations are covered in Articles 500 through 516 and in Part IV of Article 517.

Statement of Problem and Substantiation for Public Comment

This material is not needed. Furthermore, it is not complete as written because it only applies to Class 4 cables and not Class 4 
equipment. It is also a violation of the style manual.

Related Item

• FR 9606
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Public Comment No. 1088-NFPA 70-2021 [ Section No. 726.212(B) ]

(B)  Other Applications.

Class 4 cables shall not be permitted for any applications that are not part of a Class 4 distribution system.

Exception: Use of CL4 cable for other applications shall be permitted if the cable has multiple listings is listed as suitable for the
other applications .

Statement of Problem and Substantiation for Public Comment

"Multiple Listings" can have different meanings depending on the certification / listing agency. The proposed wording makes it clear that 
the cable shall be listed as suitable for the other applications, not just carry a "multiple listing".

Related Item

• FR 9606
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Public Comment No. 1787-NFPA 70-2021 [ Section No. 726.221 ]

726.221  21  Access to Electrical Equipment Behind Panels Designed to Allow Access.

Access to electrical equipment shall not be denied by an accumulation of wires and cables preventing the removal of panels,
including suspended ceiling panels.

Statement of Problem and Substantiation for Public Comment

This section has been renumber to 726.21 to move it to Part I of the 726 article, the proper place for this text. This mirrors 725. 
This text was moved out to the 'cabling section' by the Panel in FR because it was assumed it would be covered in 722. If this is deleted 
from 726 because it is covered in 722, then 725.21 should also be deleted.

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1032-NFPA 70-2021 [ Section No. 726.224 ]

726.224  Mechanical Execution of Work.

CL4 cables shall be installed in a neat knowledgable and workmanlike skillful manner. Cables and conductors installed exposed
on the surfaces of ceilings and sidewalls shall be supported by the building structure such that the cable will not be damaged by
normal building use. Such cables shall be supported by straps, staples, hangers, cable ties, or similar fittings that are designed
and installed to not damage the cable. The installation shall also comply with the requirements of 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants can result in an
undetermined alteration of CL4 cable properties.

Statement of Problem and Substantiation for Public Comment

“Neat and workmanlike” appropriately no longer will be found in 110.12. What then: professional and skillful? Professionals are evaluated 
in terms of Knowledge, Skills, and Abilities (KSAs), per NFPA 1078. So “skillful” seems redundant–if “professional” really is necessary. 
Aside from appearance, it is not clear that there is an additional, critical element to professionalism beyond compliance and skillful 
installation.

When inspecting, we evaluate relevant knowledge by seeing whether the installation shows knowledge of the relevant products and 
standards; 110.3(A) and (B) address this. We are concerned with abilities only in terms of how they are demonstrated in the way 
knowledge and skills were applied. For example, “fine motor” capability is needed to use torque screwdrivers, but we’re not interested in 
the abilities as stand-alones, just as they are applied to that particular motor skill.

A sloppy splice may be less than neat, but the critical factor is whether it is skillful enough to avoid damaging the conductors or losing 
strands; to keep them tightly bound so as to avoid high impedance or in fact risking that they come loose; and to keep them all adequately 
insulated. So skillful installation is a critical element, to complement compliance with the letter of the Code.

While professional appearance is nice, in general requiring it goes beyond the Code’s purpose described in 90.1. Because neatness is an 
additional subjective element, we should minimize its use as a criterion. Where neatness, or “professional appearance” is particularly 
important to safety, we have more specific language, such as “legible” as in 110.21(B)(2) Exception, 225.52 (B) Exception, and 300.45, or 
“clearly legible” as in 410.140 and 620.52(B). So far, no additional element to the term “professional” has been described in the public 
discussion.

Related Item
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Public Comment No. 1789-NFPA 70-2021 [ Section No. 726.224 ]

726.224  24  Mechanical Execution of Work.

CL4 cables Class 4 equipment shall be installed in a neat and workmanlike manner. Cables and conductors installed exposed
on the surfaces of ceilings and sidewalls shall be supported by the building structure such that the cable will not be damaged by
normal building use. Such cables shall be supported by straps, staples, hangers, cable ties, or similar fittings that are designed
and installed to not damage the cable. The  The installation shall also comply with the requirements of 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants can result in an
undetermined alteration of CL4 cable Class 4 cable properties.

Statement of Problem and Substantiation for Public Comment

This section has been renumber to 726.24 to move it to Part I of the 726 article, the proper place for this text. This mirrors 725. Also, the 
text has been modified to match what is recommended for 725.24(A).
This text was moved out to the 'cabling section' by the Panel in FR because it was assumed it would be covered in 722. If this is deleted 
from 726 because it is covered in 722, then 725.24 should also be deleted.

Related Item

• PI 3740 and PI 3671
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Public Comment No. 1089-NFPA 70-2021 [ Section No. 726.225 ]

726.225  Abandoned Cables.

The accessible portion of abandoned Class 4 and CL4TC cables shall be removed. Where cables are identified for future use
with a tag, the tag shall be of sufficient durability to withstand the environment involved.

Statement of Problem and Substantiation for Public Comment

It is not anticipated that there will be Class 4 Tray Cables (CL4TC).

Related Item
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Public Comment No. 1790-NFPA 70-2021 [ Section No. 726.225 ]

726.225  Abandoned Cables.

The accessible portion of abandoned Class 4 and CL4TC cables shall be removed. Where cables are identified for future use
with a tag, the tag shall be of sufficient durability to withstand the environment involved.

Statement of Problem and Substantiation for Public Comment

This text is duplicated in 722 and therefore is not required in 726. Therefore, deleted. 

Related Item

• PI 3671 and PI 3740

Submitter Information Verification

Submitter Full Name: Chad Jones

Organization: Cisco Systems

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 17 19:06:23 EDT 2021

Committee: NEC-P03

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPar...

173 of 210 8/26/2021, 9:01 PM



Public Comment No. 1608-NFPA 70-2021 [ Section No. 726.228 ]

726.228  Noninterchangeability Noninterchangeable .

Receptacles, cord connectors, and attachment plugs used on Class 4 distribution systems shall be constructed so that they are
not interchangeable with other receptacles, cord connectors, and attachment plugs.

Statement of Problem and Substantiation for Public Comment

Edit to use a real word.

Related Item

• FR 9606
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Public Comment No. 1969-NFPA 70-2021 [ Section No. 726.228 ]

726.228  Noninterchangeability.

Receptacles, cord connectors, and attachment plugs used on Class 4 distribution systems shall be constructed so that they are
not interchangeable with other receptacles, cord connectors, and attachment plugs systems  on the same premise shall be of such
design as to not be likely interchanged with other systems .

Statement of Problem and Substantiation for Public Comment

The existing 726.228 would require proprietary connectors for all Class 4 circuits and their construction would be required to not be 
interchangeable with any other receptacle, cord connector or attachment plug anywhere.  This is too broad.  Restricting the non-
interchangeability requirement to a given premise would meet the objective of not allowing class 4 systems to mistakenly be connected to 
another system (or visa versa).  This is similar to Article 406.4 (F) “Noninterchangeable Types. Receptacles connected to circuits that have 
different voltages, frequencies, or types of current (ac or dc) on the same premises shall be of such design that the attachment plugs used 
on these circuits are not interchangeable.”

Related Item

• FR 9606-NFPA 70-2021
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Public Comment No. 1791-NFPA 70-2021 [ Sections 726.228, 726.233 ]

Sections 726.228, 726.233

726.228  

130 Terminals and Connectors

(A)  Noninterchangeability.

Receptacles, cord connectors, and attachment plugs used on Class 4 distribution systems shall be constructed so that they are
not interchangeable with other receptacles, cord connectors, and attachment plugs.

726.233  (B)  Guarding.

Any junctions and mating connectors shall be constructed and installed to guard against inadvertent contact with live parts by
persons.

Statement of Problem and Substantiation for Public Comment

These two sections have been combined into one section titled Terminals and Connectors. They are then renumbered to 726.130 so that 
they come at the end of Part II. 

This text was moved out to the 'cabling section' by the Panel in FR because it was assumed it would be covered in 722. This was an error.

Related Item
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Public Comment No. 1946-NFPA 70-2021 [ Sections 726.228, 726.233 ]

Sections 726.228, 726.233

726.228  Noninterchangeability. 228  Connecting Hardware

( A) Listing. Connecting hardware used on Class 4 distribution systems shall be listed.

(B) Noninterchangeability. Receptacles, cord connectors, and attachment plugs used on Class 4 distribution systems shall be
constructed so that they are not interchangeable with

other

receptacles, cord connectors, and attachment plugs of other Class systems .

726.233  (C) Guarding . Any junctions and mating connectors shall be constructed and installed to guard against inadvertent
contact with live parts by persons.

Statement of Problem and Substantiation for Public Comment

Even though Class 4 systems limit the energy available into a fault condition, they are still capable of transmitting hundreds of watts of 
power. Connectors should be listed and evaluated as being suitable for this application. Rearranging the paragraphs adds clarity and 
increases the usability of the Code.

Related Item
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Public Comment No. 1518-NFPA 70-2021 [ Sections 726.335(K), 726.335(L) ]

Sections 726.335(K), 726.335(L)

(K)  Multifamily Dwellings.

The following cables shall be permitted to be installed in multifamily dwellings in locations other than those covered in 726.135(B)
through (I):

(1) Type CL4, Type CL4R, Type CL4P, and Type CL4TC cables

(2) Type CL4, Type CL4R, Type CL4P, and Type CL4TC cables installed in the following:

(3) Plenum communications raceways

(4) Plenum cable routing assemblies

(5) Riser communications raceways

(6) Riser cable routing assemblies

(7) General-purpose communications raceways

(8) General-purpose cable routing assemblies

(9) Type CL4, Type CL4R, Type CL4P, and Type CL4TC wires and cables installed in raceways recognized in Chapter 3

(L)  One- and Two-Family Dwellings.

The following cables shall be permitted to be installed in one- and two-family dwellings in locations other than those covered
in 726.135(B) through (I):

(1) Type CL4, Type CL4R, Type CL4P, and Type CL4TC cables

(2) Types Type CL4, Type CL4R, Type CL4P, and Type CL4TC cables installed in the following:

(3) Plenum communications raceways

(4) Plenum cable routing assemblies

(5) Riser communications raceways

(6) Riser cable routing assemblies

(7) General-purpose communications raceways

(8) General-purpose cable routing assemblies

(9) Type CL4, Type CL4R, Type CL4P, and Type CL4TC cables installed in raceways recognized in Chapter 3

Statement of Problem and Substantiation for Public Comment

Class 4 equipment is not currently designed for dwelling unit installation.  Dwellings have unique branch circuit and receptacle 
requirements.  The UL 1400-1 product safety standard has no interoperability testing requirements for residential appliances, HVAC 
equipment or any additional loads, cord/plug connectivity, or other residential hazards are addressed in this new article. Without more 
details on how the installation could be made safely and without potential interoperability issues in a residential environment, dwellings 
should not be included at this time.  Section 726.335 (K) should be removed since it specifies use in multifamily dwellings. Section 
726.335(L) should be removed since it specifies use in One- and Two-Family Dwellings.
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Public Comment No. 1908-NFPA 70-2021 [ Section No. 726.339(B) ]

(B)  Class 4 Circuits With Class 2, Class 3, or Communications Circuits.

Conductors of one or more Class 4 circuits shall be permitted within the same cable, enclosure, raceway, or cable routing
assembly as conductors of Class 2, Class 3, or communications circuits if the insulation of the Class 2, Class 3, or
communications circuit conductors in the cable, enclosure, raceway, or cable routing assembly is at least that required for Class 4
circuits.

Statement of Problem and Substantiation for Public Comment

Class 4 circuits should be insulated in a way that prevents them from interacting with surrounding circuits regardless of the enclosure, 
raceway, or cable routing assembly they share.  An interaction between Class 4 cables and neighboring Class 2 cables, Class 3 cables, or 
communications circuits would only occur in the case of a double-fault at the same location and between separate but co-located cables 
which is highly unlikely and does not need to be codified.

Related Item

• CL4 cables
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Public Comment No. 1909-NFPA 70-2021 [ Section No. 726.339(B) ]

(B)  Class 4 Circuits With Class 2, Class 3, or Communications Circuits.

Conductors of one or more Class 4 circuits shall be permitted within the same cable, enclosure, raceway, or cable routing
assembly as conductors of Class 2, Class 3, or communications circuits if the insulation of the Class 2, Class 3, or
communications circuit conductors in the cable, enclosure, raceway, or cable routing assembly is at least that required for Class 4
circuits Communication circuits .

Statement of Problem and Substantiation for Public Comment

Class 4 circuits are fault managed and functionally equivalent to a class 2 circuit in terms of shock and fire safety and therefore it is not 
necessary to require class 2, class 3 or communication circuits to have a class 4 insulation.  Class 3 circuits are functionally more 
hazardous (less safe) than class 4 circuits, however, class 4 cable insulation is rated to a higher voltage rating and thus are protected from 
class 3 circuit hazards.
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Public Comment No. 1091-NFPA 70-2021 [ Section No. 726.379(C) ]

(C)  Type CL4.

Type CL4 cables shall be marked as Type CL4 and be listed as suitable for general-purpose use, with the exception of risers,
ducts, plenums, and other spaces used for environmental air, and shall be listed as resistant to the spread of fire.

Informational Note No. 1: One See UL 2556, Wire and Cable Test Methods,  for one method of defining resistant to the
spread of fire .  One method is to demonstrate that the cables do not spread fire to the top of the tray in the UL flame
exposure, vertical tray flame test in ANSI/UL 1685-2010, Vertical-Tray Fire-Propagation and Smoke-Release Test for
Electrical and Optical-Fiber Cables . The smoke measurements in the test method are not applicable.

Informational Note No. 2: Another method See UL 2556, Wire and Cable Test Methods  for another method of defining
resistant to the spread of fire.  This alternative method is for the damage (char length) not to exceed 1.5 m (4 ft 11 in.)
when performing the CSA vertical flame test for cables in cable trays, as described in CSA C22 .2 No. 0.3-M-2001, Test
Methods for Electrical Wires and Cables .

Statement of Problem and Substantiation for Public Comment

Updates the references to the correct UL Standard. The CSA standard previously referenced is now replaced with a trinational standard 
(US/Canada/Mexico)The US reference for this standard is UL 2556.
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Public Comment No. 1090-NFPA 70-2021 [ Section No. 726.379(D) ]

(D)  Type CL4TC.

Type CL4TC nonmetallic-sheathed tray cable shall be marked as Type CL4TC, shall be listed as being suitable for cable trays,
and shall consist of a factory assembly of two or more insulated conductors under a nonmetallic jacket. The insulated conductors
shall be at least 24 AWG copper (solid or stranded). Insulation on conductors shall be rated for 450 volts dc. The cable core shall
be two or more parallel conductors, one or more group assemblies of twisted or parallel conductors, or a combination of both. A
metallic shield or a metallized foil shield with drain wire(s) shall be permitted to be applied over the cable core, over groups of
conductors, or both. The cable shall be listed as resistant to the spread of fire. The outer jacket shall be a sunlight- and moisture-
resistant nonmetallic material. Type CL4TC cable used in a wet location shall be listed for use in wet locations or have a
moisture-impervious metal sheath.

Exception: Where a smooth metallic sheath, continuous corrugated metallic sheath, or nonmetallic jacket with interlocking tape
armor is provided, an overall nonmetallic jacket shall not be required. On metallic-sheathed cable without an overall nonmetallic
jacket, the information required in 310.8 shall be located on the nonmetallic jacket under the sheath.

Informational Note No. 1: One method of defining resistant to the spread of fire  is that the cables do not spread fire to the
top of the tray in the UL flame exposure, vertical tray flame test in ANSI/UL 1685-2010 , Vertical-Tray Fire-Propagation and
Smoke-Release Test for Electrical and Optical-Fiber Cables . The smoke measurements in the test method are not
applicable.

Informational Note No. 2: Another method of defining resistant to the spread of fire  is for the damage (char length) not to
exceed 1.5 m (4 ft 11 in.) when performing the CSA vertical tray flame test for cables in cable trays, as described in CSA
C22.2 No. 0.3-M-2001 , Test Methods for Electrical Wires and Cables .

Statement of Problem and Substantiation for Public Comment

It is not anticipated that there will be Class 4 Tray Cable (CL4TC).

Related Item

• FR 9606
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Public Comment No. 1092-NFPA 70-2021 [ Section No. 726.379(E)(5) ]

(5)  Cabling.

Cables If the listing of a Class 4 system is contingent on specific cable properties, cables shall comply with any requirements
provided in all requirements identified as part of the listing of the system.

Informational Note: Excessive cable lengths can result in higher capacitance which could affect the safety of the circuit.
See UL ###-2, Standard for Class 4 Power Systems, for information on determining applicable requirements for the listing
of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

The proposed wording clarifies the requirement. 

Related Item

• FR 9606
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Public Comment No. 1793-NFPA 70-2021 [ Section No. 726.379(E)(5) ]

(5)  Cabling.

Cables shall comply with any requirements provided in the listing of the system.

Informational Note: Excessive cable lengths can result in higher capacitance which could affect the safety of the circuit.
See UL ### 1400 -2, Standard for Class 4 Power Systems, for information on determining applicable requirements for the
listing of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

UL 1400-2 is the Class 4 cable listing standard.

Related Item

• PI 3740
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Public Comment No. 1906-NFPA 70-2021 [ Section No. 726.379(E)(5) ]

(5)  Cabling.

Cables shall comply with any requirements provided in the listing of the system.

Informational Note: Excessive cable lengths can result in higher capacitance which could affect the safety of the circuit.
See UL ### 1400 - 2 1 , Standard for Class 4 Power Systems Outline for Fault-Managed Power Systems – Part 1: General
Requirements , for information on determining applicable requirements for the listing of Class 4 power systems.

Additional Proposed Changes

File Name Description Approved

PC_1906_Attachment_C_Randolph_Ivans.pdf
UL 1400-1 & -2 Table of Contents, Normative References and Content 
Resources 

Statement of Problem and Substantiation for Public Comment

This comment was developed by the participants of a research and development project group assembled by UL to develop safety 
requirements for Fault Managed Power Systems (FMPS) to reduce the risks of electric shock and fire and facilitate the design, production 
and use of products that are physically safe. This project is intended to support the First Revision that adds Class 4 circuits to the 2023 
National Electrical Code© (NEC©) as a new Article 726. Participant companies include (in alphabetical order) ATIS, Belden, Chemours, 
Cisco, CommScope, Corning, Daiken, Enersys (formerly Alpha Technologies), Hubbell, Leviton, Panduit, Schneider Electric, Southwire, 
Superior Essex, Voltserver, and UL.  Participation in the project is broad-based and includes representation of those with knowledge and 
experience in electrical safety, installation, code enforcement, and wire and cable. Participation in the project alone does not imply 100% 
agreement among the participant companies or individual members with the developed requirements.
The Scope of Work for the project is to develop a fault managed power safety system framework that can be recommended to installation 
code bodies, that is technically coordinated with existing and new product safety standards, and that enables “listing” of equipment 
identified for the purpose.  
1) Research of pre-existing written and electronic materials 
2) Gap analysis of existing codes and standards
3) Study of safety risks and creation of risk mitigation requirements 
4) Specifications for cabling, connectivity and equipment 
5) Development of new UL Standards encompassing new equipment, components and cables for Class 4 systems and components
During the course of this project, participants conducted research on topics that ranged from electric shock and arc-energy to grounding of 
separately derived systems. Refer to Attachment 5 for examples of papers and standards used for this research. In addition, significant 
input was sought from the participating companies to utilize their expertise and experience and aid in the practical resolution of the issues. 
As a result of this work, drafts of two new outlines of investigation (standards) have been prepared; UL 1400-1, Outline for Fault-Managed 
Power Systems – Part 1: General Requirements, and UL 1400-2, Outline for Fault-Managed Power Systems – Part 2: Requirements for 
Class 4 Cables. Refer to Attachments 1 and 2 for the Table of Contents for these new standards.
These standards are technically coordinated with existing standards while incorporating the requirements necessary to deal with the 
advanced technology of Class 4 systems. UL 1400-1 is written as a supplement to UL 62368-1, Audio/video, information and 
communication technology equipment - Part 1: Safety requirements, leveraging the technical expertise of this internationally harmonized 
standard based on the hazard-based safety engineering (HBSE) principles. UL 1400-2 is based on UL 13, Power-Limited Circuit Cables, 
and contains all of the requirements necessary to evaluate Class 4 cables. Attachments 3 and 4 identify the normative standard references 
incorporated into the requirements.
UL’s outline of investigations (standards) describe the requirements used to evaluate products and systems with detailed technical content 
addressing potential risks and their mitigation. They provide standardized, vendor-neutral and uniform solutions and procedures. 
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• FR 9606 • PC 1902 • PC 1904 • PC 1905 • PC 2165
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ATTACHMENT 3 
Normative Standards Referenced in UL 1400-1 

 

• UL 991, Tests for Safety-Related Controls Employing Solid-State Devices 

• UL 1998, Software in Programmable Components    

• UL 60730-1, Automatic Electrical Controls – Part 1: General Requirements  

• UL: 62368-1, Audio/video, information and communication technology equipment - Part 1: 
Safety requirements 

• IEC 60479-1, Effects of current on human beings and livestock – Part 1: General aspects 

• IEC 60479-2, Effects of current on human beings and livestock – Part 2: Special aspects  

• IEC 61508-1, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 1: General Requirements  

• IEC 61508-2, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 2: Requirements for Electrical/Electronic/Programmable Electronic 
Safety-Related Systems 

• IEC 61508-3, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-
Related Systems - Part 3: Software Requirements  

• IEC 61508-4, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 4: Definitions and Abbreviations  

• IEC 61508-5, Functional Safety of Electrical/Electronic/Programmable Electronic Safety-
Related Systems - Part 5: Examples of Methods for the Determination of Safety Integrity 
Levels 

• IEC 61508-6, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 6: Guidelines on the Application of IEC 61508-2 and IEC 61508-3 

• IEC 61508-7, Functional Safety of Electrical/Electronic/Programmable Electronic Safety -
Related Systems - Part 7: Overview of Techniques and Measures  

• IEC 62061, Safety of Machinery – Functional Safety of Safety-Related Electrical, Electronic 
and Programmable Electronic Control Systems   

• ISO 13849-1, Safety of Machinery - Safety-Related Parts of Control Systems - Part 1: 
General Principles for Design 

• ISO 13849-2, Safety of Machinery - Safety-Related Parts of Control Systems - Part 2: 
Validation 

• ATIS-0600040, Fault Managed Power Distribution Technologies – Human Contact Fault 
Analysis 

 

 



Public Comment No. 1892-NFPA 70-2021 [ Section No. 726.379(G) ]

(G)  Optional Markings.

Cables shall be permitted to be surface marked to indicate special characteristics of the cable materials .

Informational Note No. 1: These markings include

including , but

are

not limited to, markings for limited smoke, halogen free, low smoke and halogen free, and sunlight resistant. .

Informational Note No. 2 1 : Some examples of optional markings are “ST1” to indicate limited-smoke characteristics in
accordance with UL 2556, Wire and Cable Test Methods; “HF” to indicate halogen-free as described in UL 2885, Outline of
Investigation for Acid Gas, Acidity and Conductivity of Combusted Materials and Assessment of Halogens; and “LSHF” to
indicate halogen-free and low-smoke characteristics in accordance with IEC 61034-2, Measurement of smoke density of
cables burning under defined conditions — Part 2: Test procedure and requirements.

Statement of Problem and Substantiation for Public Comment

Informational Note No. 1 contains requirements which is a violation of the NEC Style Manual. Relocating it with the requirement preserves 
this information and achieves NEC Style Manual Compliance.

Related Item
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Public Comment No. 1792-NFPA 70-2021 [ Section No. 726.379 [Excluding any Sub-Sections] ]

Cables for Class 4 power systems shall be Type CL4, Type CL4R, or Type CL4P and shall be listed for Class 4 distribution system
use. CL4 cables installed as wiring methods within buildings shall be listed as resistant to the spread of fire and other criteria in
accordance with 726.179(A) through (D), shall be constructed in accordance with 726.179(E), shall be marked in accordance with
726.179(F), and shall be permitted to be marked in accordance with 726.179(G).

Informational Note: See UL ### 1400 -2, Standard for Class 4 Power Systems, for information on determining applicable
requirements for the listing of Class 4 power systems.

Statement of Problem and Substantiation for Public Comment

UL 1400-2 is the Class 4 cable listing standard. 

Related Item

• PI 3740
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Public Comment No. 1905-NFPA 70-2021 [ Section No. 726.379 [Excluding any Sub-Sections] ]

Cables for Class 4 power systems shall be Type CL4, Type CL4R, or Type CL4P and shall be listed for Class 4 distribution system
use. CL4 cables installed as wiring methods within buildings shall be listed as resistant to the spread of fire and other criteria in
accordance with 726.179(A) through (D), shall be constructed in accordance with 726.179(E), shall be marked in accordance with
726.179(F), and shall be permitted to be marked in accordance with 726.179(G).

Informational Note: See UL ### 1400 -2, Standard for Class 4 Power Systems Outline for Fault-Managed Power Systems –
Part 2: Requirements for Class 4 Cables  , for information on determining applicable requirements for the listing of Class 4
power systems.

Additional Proposed Changes

File Name Description Approved

PC_1905_Attachment_C_Randolph_Ivans.pdf
UL 1400-1 & -2 Table of Contents, Normative References and Content 
Resources 

Statement of Problem and Substantiation for Public Comment

This comment was developed by the participants of a research and development project group assembled by UL to develop safety 
requirements for Fault Managed Power Systems (FMPS) to reduce the risks of electric shock and fire and facilitate the design, production 
and use of products that are physically safe. This project is intended to support the First Revision that adds Class 4 circuits to the 2023 
National Electrical Code© (NEC©) as a new Article 726. Participant companies include (in alphabetical order) ATIS, Belden, Chemours, 
Cisco, CommScope, Corning, Daiken, Enersys (formerly Alpha Technologies), Hubbell, Leviton, Panduit, Schneider Electric, Southwire, 
Superior Essex, Voltserver, and UL.  Participation in the project is broad-based and includes representation of those with knowledge and 
experience in electrical safety, installation, code enforcement, and wire and cable. Participation in the project alone does not imply 100% 
agreement among the participant companies or individual members with the developed requirements.
The Scope of Work for the project is to develop a fault managed power safety system framework that can be recommended to installation 
code bodies, that is technically coordinated with existing and new product safety standards, and that enables “listing” of equipment 
identified for the purpose.  
1) Research of pre-existing written and electronic materials 
2) Gap analysis of existing codes and standards
3) Study of safety risks and creation of risk mitigation requirements 
4) Specifications for cabling, connectivity and equipment 
5) Development of new UL Standards encompassing new equipment, components and cables for Class 4 systems and components
During the course of this project, participants conducted research on topics that ranged from electric shock and arc-energy to grounding of 
separately derived systems. Refer to Attachment 5 for examples of papers and standards used for this research. In addition, significant 
input was sought from the participating companies to utilize their expertise and experience and aid in the practical resolution of the issues. 
As a result of this work, drafts of two new outlines of investigation (standards) have been prepared; UL 1400-1, Outline for Fault-Managed 
Power Systems – Part 1: General Requirements, and UL 1400-2, Outline for Fault-Managed Power Systems – Part 2: Requirements for 
Class 4 Cables. Refer to Attachments 1 and 2 for the Table of Contents for these new standards.
These standards are technically coordinated with existing standards while incorporating the requirements necessary to deal with the 
advanced technology of Class 4 systems. UL 1400-1 is written as a supplement to UL 62368-1, Audio/video, information and 
communication technology equipment - Part 1: Safety requirements, leveraging the technical expertise of this internationally harmonized 
standard based on the hazard-based safety engineering (HBSE) principles. UL 1400-2 is based on UL 13, Power-Limited Circuit Cables, 
and contains all of the requirements necessary to evaluate Class 4 cables. Attachments 3 and 4 identify the normative standard references 
incorporated into the requirements.
UL’s outline of investigations (standards) describe the requirements used to evaluate products and systems with detailed technical content 
addressing potential risks and their mitigation. They provide standardized, vendor-neutral and uniform solutions and procedures. 
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• FR 9606 • PC1902 • PC 1904 • PC 1906 • PC 2165
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Public Comment No. 121-NFPA 70-2021 [ New Article after 760 ]

ARTICLE 761- Single- and Multiple-Station Alarms and Household Signaling Systems

Commentary: As a fire inspector, I have noticed that many electricians are aware that new or renovated residences need to have
smoke and/or carbon monoxide alarms, but do not know necessarily where these devices should and should not be installed.  In
my state, we have adopted NFPA 72, presently the 2016 edition.  Most electricians do not seem to be aware of the intricacies of
the other code and oftentimes will not purchase or research NFPA 72, and ultimately fail their inspections merely because of
improper alarm placement.  It would appear the only mention of NFPA 72 in the NEC is under an informational note under article
210, branch circuits.  I would like to see a short article created, article 761, so that is is directly after fire alarm systems.  The intent
of the article would be to cover where the alarms should be installed by copying key points of  NFPA 72, chapter 29.

Statement of Problem and Substantiation for Public Comment

Residential smoke and/or carbon monoxide alarm placement is not covered by the NEC.  Many times electricians will place alarms in 
improper locations which could lead to improper performance, as well as being a code violation (if adopted by the AHJ).  A new article, 
761, would adopt the key points of NFPA 72, chapter 29 versus an informational note to refer to this standard.

Related Item

• https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=72
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Public Comment No. 713-NFPA 70-2021 [ Section No. 760.1 ]

760.1  Scope.

This article covers the installation of wiring and equipment of fire alarm systems, including all circuits controlled and powered by
the fire alarm system.

Informational Note No. 1: Fire alarm systems include fire detection and alarm notification, guard’s tour, sprinkler waterflow,
and sprinkler supervisory systems. Circuits controlled and powered by the fire alarm system include circuits for the control
of building systems safety functions, elevator capture, elevator shutdown, door release, smoke doors and damper control,
fire doors and damper control, and fan shutdown, but only where these circuits are powered by and controlled by the fire
alarm system. See NFPA 72-2019, National Fire Alarm and Signaling Code, for further information on the installation and
monitoring for integrity requirements for fire alarm systems.

Informational Note No. 2: Class 1, 2, and 3 circuits are defined in Articles 724 and 725.

Additional Proposed Changes

File Name Description Approved

3_CN_379.pdf 3 CN379 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 379 appeared in the First Draft Report on First Revision No. 9583.

The Correlating Committee advises that article scope statements are the responsibility of the Correlating Committee and the Correlating 
Committee directs that Informational Note No. 1 be revised to comply with 4.1.3 of the Style Manual and Informational Note No. 2 be 
revised to comply with 4.1.4 of the Style Manual. 

Related Item

• First Revision No. 9583
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Public Comment No. 1616-NFPA 70-2021 [ Section No. 760.3 ]

760.3  Other Articles.

Circuits and equipment shall comply with 760.3(A) through (O). Only those sections of Article 300 referenced in this article shall
apply to fire alarm systems.

(A)  Spread of Fire or Products of Combustion.

Installation of fire alarm circuits shall comply with 300.21.

(B)  Ducts, Plenums, and Other Air-Handling Spaces.

Power-limited and non-power-limited fire alarm cables installed in ducts, plenums, or other spaces used for environmental air shall
comply with 300.22.

Exception No. 1: Power-limited fire alarm cables selected in accordance with Table 760.154 and installed in accordance with
760.135(B) and 300.22(B), Exception shall be permitted to be installed in ducts specifically fabricated for environmental air.

Exception No. 2: Power-limited fire alarm cables selected in accordance with Table 760.154 and installed in accordance with
760.135(C) shall be permitted to be installed in other spaces used for environmental air (plenums).

(

C)  Hazardous (Classified) Locations.

Articles 500 through 516 and Article 517, Part IV, where installed in hazardous (classified) locations.

( D)  Corrosive, Damp, or Wet Locations.

Fire alarm circuits and equipment installed in corrosive, damp, or wet locations shall comply with 110.11 , 300.5(B) , 300.6 ,
300.9 , and 310.10(F) .
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(

E)  Building Control Circuits.

Article 725, where building control circuits (e.g., elevator capture, fan shutdown) are associated with the fire alarm system.

(

F)  Optical Fiber Cables.

Where optical fiber cables are utilized for fire alarm circuits, the cables shall be installed in accordance with Article 770.

(G)  Installation of Conductors with Other Systems.

Installations shall comply with 300.8 .

(H)  Raceways or Sleeves Exposed to Different Temperatures.

Installations shall comply with 300.7(A) .

(I)  Vertical Support for Fire-Resistive Cables and Conductors.

Vertical installations of circuit integrity (CI) cables and conductors installed in a raceway or conductors and cables of fire-
resistive cable systems shall be installed in accordance with 300.19 .

(J)  Installation of Cables and Conductors in Raceway.

The number and size of cables and conductors shall comply with 300.17 .

(K)  Bushing.

A bushing shall be installed where cables emerge from raceway used for mechanical support or protection in accordance with
300.15(C) .

(L)  Cable Routing Assemblies.

Power-limited fire alarm cables shall be permitted to be installed in plenum cable routing assemblies, riser cable routing
assemblies, and general-purpose cable routing assemblies selected in accordance with Table 800.154(c) , listed in
accordance with 800.182 , and installed in accordance with 800.110(C)  and 800.113 .

(M)  Communications Raceways.

Power-limited fire alarm cables shall be permitted to be installed in plenum communications raceways, riser communications
raceways, and general-purpose communications raceways selected in accordance with Table 800.154(b) , listed in
accordance with 800.182 , and installed in accordance with 800.113  and 362.24  through 362.56 , where the requirements
applicable to electrical nonmetallic tubing apply.

(N)  Temperature Limitations of Power-Limited and Non–Power-Limited Fire Alarm Cables.

The requirements of 310.14(A)(3)  on the temperature limitation of conductors shall apply to power-limited fire alarm cables
and non–power-limited fire alarms cables.

(O)  Identification of Equipment Grounding Conductors.

Equipment grounding conductors shall be identified in accordance with 250.119 .

Exception: Conductors with green insulation shall be permitted to be used as ungrounded signal conductors for Types
FPLP, FPLR, FPL, and substitute cables installed in accordance with 760.154(A) .

Statement of Problem and Substantiation for Public Comment

Subdivision C is not needed, and E violates the style manual. I apologize that I have no recommendation for what E should say, now that 
722 and 725 both exist.

Related Item

• PI 3327
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Public Comment No. 1033-NFPA 70-2021 [ Section No. 760.24(A) ]

(A)  General.

Fire alarm circuits shall be installed in a neat workmanlike knowledgable and skillful manner. Cables and conductors installed
exposed on the surface of ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will
not be damaged by normal building use. Such cables shall be supported by hardware, including straps, staples, hangers, cable
ties listed and identified for securement and support, or similar fittings designed and installed so as not to damage the cable. The
installation shall also comply with 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants might result in an
undetermined alteration of PLFA and NPLFA cable properties.

Statement of Problem and Substantiation for Public Comment

“Neat and workmanlike” appropriately no longer will be found in 110.12. What then: professional and skillful? Professionals are evaluated 
in terms of Knowledge, Skills, and Abilities (KSAs), per NFPA 1078. So “skillful” seems redundant–if “professional” really is necessary. 
Aside from appearance, it is not clear that there is an additional, critical element to professionalism beyond compliance and skillful 
installation.

When inspecting, we evaluate relevant knowledge by seeing whether the installation shows knowledge of the relevant products and 
standards; 110.3(A) and (B) address this. We are concerned with abilities only in terms of how they are demonstrated in the way 
knowledge and skills were applied. For example, “fine motor” capability is needed to use torque screwdrivers, but we’re not interested in 
the abilities as stand-alones, just as they are applied to that particular motor skill.

A sloppy splice may be less than neat, but the critical factor is whether it is skillful enough to avoid damaging the conductors or losing 
strands; to keep them tightly bound so as to avoid high impedance or in fact risking that they come loose; and to keep them all adequately 
insulated. So skillful installation is a critical element, to complement compliance with the letter of the Code.

While professional appearance is nice, in general requiring it goes beyond the Code’s purpose described in 90.1. Because neatness is an 
additional subjective element, we should minimize its use as a criterion. Where neatness, or “professional appearance” is particularly 
important to safety, we have more specific language, such as “legible” as in 110.21(B)(2) Exception, 225.52 (B) Exception, and 300.45, or 
“clearly legible” as in 410.140 and 620.52(B). So far, no additional element to the term “professional” has been described in the public 
discussion.

Related Item

• PI 3993
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Public Comment No. 1432-NFPA 70-2021 [ Section No. 760.24(A) ]

(A)  General.

Fire alarm circuits shall be installed in a neat workmanlike manner. Cables and conductors installed exposed on the surface of
ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will not be damaged by normal
building use. Such cables shall be supported by hardware, including straps, staples, hangers, and cable ties, listed and identified
for securement and support, or similar fittings designed and installed so as not to damage the cable. The installation shall also
comply with 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants might result in an
undetermined alteration of PLFA and NPLFA cable properties.

Statement of Problem and Substantiation for Public Comment

Editorial: Missing an "AND" and a comma: "staples, hangers, cable ties listed and identified" should be: "staples, hangers, AND cable ties 
COMMA listed and identified"

Related Item

• FR 9523
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Public Comment No. 530-NFPA 70-2021 [ Section No. 760.24(A) ]

(A)  General.

Fire alarm circuits shall be installed in a neat workmanlike manner. Cables and conductors installed exposed on the surface of
ceilings and sidewalls shall be supported by the building structure in such a manner that the cable will not be damaged by normal
building use. Such cables shall be supported by hardware, including straps, staples, hangers, ; cable ties listed and identified for
securement and support, or ; or similar fittings designed and installed so as not to damage the cable. The installation shall also
comply with 300.4 and 300.11.

Informational Note: Paint, plaster, cleaners, abrasives, corrosive residues, or other contaminants might result in an
undetermined alteration of PLFA and NPLFA cable properties.

Statement of Problem and Substantiation for Public Comment

The intent of this public comment is to harmonize the cable securing and supporting requirements for fire alarm circuits with the securing 
and supporting requirements for cable wirings methods in Chapter 3. Sections 320.30, 330.30, 334.30, and 337.30 require cable ties to be 
“listed and identified for securement and support”. This specific language is being added to 760.24 to ensure the same listing and 
securement requirement for cable ties also applies to cable ties used to support fire alarm circuits.
The removal of the semicolons from the initial proposal may lead some to mis-interrupt the requirement to mean that staples and straps 
are also required to be listed for securement and support. We would suggest that the semicolons be added into the clause to assure clarity 
that only cable ties are meant to be listed for securement and support.  

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 527-NFPA 70-2021 [Section No. 770.24(A)]

Public Comment No. 528-NFPA 70-2021 [Section No. 800.24(A)]

Public Comment No. 531-NFPA 70-2021 [Section No. 725.24(A)]

Related Item

• FR no. 8883-NFPA 70-2018
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Public Comment No. 353-NFPA 70-2021 [ Section No. 760.35(B) ]

(B)  Power-Limited Fire Alarm (PLFA) Circuits.

See Parts I and III.

760.36  Cybersecurity, Cyberweapon, ElectromagneƟc Pulse (EMP), GeomagneƟc Disturbance (GMD), and IntenƟonal ElectromagneƟc

Interference (IEMI) ProtecƟon.   Fire alarm systems shall comply with either of the following:

(1)  The system shall be idenƟfied for cybersecurity, cyberweapon, EMP, GMD, and IEMI protecƟon.  

(2)  A cybersecurity, cyberweapon,  EMP, GMD, and IEMI protecƟon  failure modes effects analysis  assessment shall be conducted to

determine system vulnerabiliƟes.

The idenƟficaƟon or assessment shall be reviewed when the system configuraƟon changes and at not more than 5-year

intervals. DocumentaƟon of the idenƟficaƟon or assessment shall be made available to those authorized to inspect, operate, and maintain

the system.  

Statement of Problem and Substantiation for Public Comment

This Public Comment is a follow-up to PI 761, PI 3080, FR 8801, PI 763, and PI 4024.  It does not require cybersecurity, cyberweapon, 
EMP, GMD, or IEMI protection, but rather calls for the fire alarm system to be identified for these threats or for a threat assessment to be 
completed. While the NEC® is not ready to mandate protection requirements, an assessment would show system vulnerabilities.  
Acceptance of this Public Comment would at least bring the subject to the attention of owners, design engineers, electrical inspectors, and 
insurance companies, and set the table for requirements in future editions of the NEC® (or other NFPA standards).   The format for this 
Public Comment is based upon the cybersecurity requirements found in FR 8801, which offers an assessment as an alternate for requiring 
protection. 

PI 761 provided technical substantiation to require Electromagnetic Pulse (EMP) Protection for our critical infrastructure. While it appears 
that the NEC(R) is not ready to actually require EMP protection at this time, the security of our country is at stake.  An EMP is fairly well 
understood as an extremely powerful electromagnetic wave that can impress 50,000 volts per meter on every piece of electrical 
equipment, destroying everything that is unprotected. An EMP is often associated with a nuclear explosion, but that is not the only cause 
of electromagnetic damage. A Geomagnetic Disturbance (GMD) is caused by a sunspot. While the EMP would be created by one of our 
adversaries, the sun spot is an act of God. These types of events can instantly initiate millions of fires in our unprotected electrical 
systems, overwhelming our fire-fighting capabilities.  If millions of fires weren’t bad enough, the unprotected electrical equipment would be 
damaged or completely destroyed, subjecting the country to years of blackout. Government intelligence studies, now unclassified, have 
predicted that from 66% to 90% of our population would die within one year due to a lack of food, clean water, and medicine if a significant 
EMP or GMD were to occur if the country's electrical infrastructure remains unprotected. The final threat listed is an Intentional 
Electromagnetic Interference (IEMI). It is easily created by utilizing off-the-shelf parts, available for purchase on the internet, that will fit into 
a van. While much less powerful than a significant EMP or GMD, twenty vans, equipped with bench-made IEMI devices and scattered 
throughout the country, can shut down major industries and major parts of the country for weeks, if not months, through a coordinated 
attack, similar to 9/11, by targeting key industries/vulnerabilities. In conclusion, these threats to our unprotected electrical infrastructure, 
and therefor to our entire country, are absolutely real, and must be addressed. 

PI 4024 provided significant substantiation for the need to protect critical infrastructure against cyber attack for equipment connected to the 
internet. However, equipment does not need to be connected to the internet in order to be damaged or destroyed by cyber threats. 
Equipment can be damaged by cyber weapons such as malicious computer worms that attack SCADA systems. A great example is the 
Stuxnet worm that destroyed the centrifuges in Iran.  Thus, this Public Comment deletes the PI 4024 reference to the internet and adds 
cyberweapon to the list of threats that need to be either protected against or assessed.

Related Item

• PI 4024 • PI 3055 • FR 7947 • PI 4026 • PI 763 • FR 8801 • PI 3080 • FR 8880 • FR 8917 • PI 2888 • FR 8914 • PI 3083 • PI 3087
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Public Comment No. 48-NFPA 70-2021 [ Section No. 760.124 ]

760.124  Circuit Marking.

The equipment supplying PLFA circuits shall be durably marked where plainly visible to indicate each circuit that is a power-
limited fire alarm circuit.

Informational Note: See 760.130(A) , Exception No. 3, where a power-limited circuit is to be reclassified as a non–power-
limited circuit.

Statement of Problem and Substantiation for Public Comment

760.124(A) Exception No. 3 has been deleted by FR 9552

Related Item

• FR 9552
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Public Comment No. 702-NFPA 70-2021 [ Section No. 760.130(A) ]

(A)  NPLFA Wiring Methods and Materials.

The use of NPLFA wiring methods in accordance with 760.46, 760.49, or 760.53 for PLFA circuits shall be permitted. Conductors
shall be solid or stranded copper. Separation from electric light, power, Class 1, non-power-limited fire alarm circuit conductors,
and medium-power network-powered broadband communications cables shall comply with 760.136.

Exception: The ampacity adjustment factors specified in 310.15(C)(1) shall not apply.

Additional Proposed Changes

File Name Description Approved

3_CN_370.pdf 3 CN370 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 370 appeared in the First Draft Report on First Revision No. 9552.

The Correlating Committee directs the Panel to review the language in 760.130(A) in accordance with section 3.1.2 of the NEC Style 
Manual. The phrase "The use of NPLFA wiring methods in accordance ... " does not clearly provide permission or establish required 
direction for the user. 

The Panel may want to consider language similar to this: "NPLFA wiring methods shall be permitted when used in accordance with ... ". 

Related Item

• First Revision No. 9552
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Public Comment No. 2-NFPA 70-2021 [ Section No. 760.135(A) ]

(A)  Listing.

PLFA cables installed in buildings shall be listed and installed in accordance with the limitations of the listing ..

Statement of Problem and Substantiation for Public Comment

Section 110.3(B) which requires that equipment be installed in accordance with the listing. Explicit requirements for cables are needed 
because the definition of equipment in Article 100 doesn’t include cables.

Related Item

• PI 647
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Public Comment No. 710-NFPA 70-2021 [ Section No. 760.176 ]

760.176  Listing and Marking of NPLFA Cables.

Non-power-limited fire alarm cables installed as wiring within buildings shall be listed in accordance with 760.176(A) and (B) and
as being resistant to the spread of fire in accordance with 760.176(C) through (F), and shall be marked in accordance with
760.176(G). Cable used in a wet location shall be listed for use in wet locations or have a moisture-impervious metal sheath.
Non-power-limited fire alarm cables shall have a temperature rating of not less than 60°C (140°F). Non-power-limited fire alarm
cables shall be permitted to contain optical fibers.

Informational Note: See UL 1425, Standard for Cables for Non-Power-Limited Fire-Alarm Circuits, for information on non-
power-limited fire alarm cables.

(A)  NPLFA Conductor Materials.

Conductors shall be 18 AWG or larger solid or stranded copper.

(B)  Insulated Conductors.

Insulation on conductors shall be rated for the system voltage and not less than 600 V. Insulated conductors 14 AWG and larger
shall be one of the types listed in Table 310.4(1) or one that is identified for this use. Insulated conductors 18 AWG and 16 AWG
shall be in accordance with 760.49.

(C)  Type NPLFP.

Type NPLFP non-power-limited fire alarm cable for use in other space used for environmental air shall be listed as being suitable
for use in other space used for environmental air as described in 300.22(C) and shall also be listed as having adequate fire-
resistant and low smoke–producing characteristics.

Informational Note: One method of defining a cable that is low-smoke producing cable and fire-resistant cable is that the
cable exhibits a maximum peak optical density of 0.50 or less, an average optical density of 0.15 or less, and a maximum
flame spread distance of 1.52 m (5 ft) or less when tested in accordance with NFPA 262-2019, Standard Method of Test
for Flame Travel and Smoke of Wires and Cables for Use in Air-Handling Spaces.

(D)  Type NPLFR.

Type NPLFR non–power-limited fire alarm riser cable shall be listed as being suitable for use in a vertical run in a shaft or from
floor to floor and shall also be listed as having fire-resistant characteristics capable of preventing the carrying of fire from floor to
floor.

Informational Note: One method of defining fire-resistant characteristics capable of preventing the carrying of fire from
floor to floor is that the cables pass ANSI/UL 1666-2012, Test for Flame Propagation Height of Electrical and Optical-Fiber
Cables Installed Vertically in Shafts.

(E)  Type NPLF.

Type NPLF non–power-limited fire alarm cable shall be listed as being suitable for general-purpose fire alarm use, with the
exception of risers, ducts, plenums, and other space used for environmental air, and shall also be listed as being resistant to the
spread of fire.

Informational Note: One method of defining resistant to the spread of fire is that the cables do not spread fire to the top of
the tray in the “UL Flame Exposure, Vertical Tray Flame Test” in ANSI/UL 1685-2010, Standard for Safety for Vertical-Tray
Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables. The smoke measurements in the test
method are not applicable.

Another method of defining resistant to the spread of fire is for the damage (char length) not to exceed 1.5 m (4 ft 11 in.)
when performing the CSA “Vertical Flame Test — Cables in Cable Trays,” as described in CSA C22.2 No. 0.3-M-2001,
Test Methods for Electrical Wires and Cables.

(F)  Fire Alarm Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or Electrical Circuit Protective System.

Cables that are used for survivability of critical circuits under fire conditions shall be listed and meet the requirements of
760.176(F)(1), (F)(2), or (F)(3).

Informational Note: See 12.4.3 and 12.4.4 of NFPA 72-2019, National Fire Alarm and Signaling Code, for fire alarm circuit
integrity (CI) cable, fire-resistive cable systems, or electrical circuit protective systems that might be used for fire alarm
circuits to comply with the survivability requirements to maintain the circuit’s electrical function during fire conditions for a
defined period of time.

(1)  Circuit Integrity (CI) Cables.

Circuit integrity (CI) cables specified in 760.176(C), (D), and (E) and used for survivability of critical circuits shall be marked for
an additional classification using the suffix “-CI.” In order to maintain its listed fire-resistive rating, CI cables shall only be installed
in free air in accordance with 760.24(B). CI cables shall only be permitted to be installed in a raceway where specifically listed
and marked as part of an electrical circuit protective fire-resistive cable system as covered in 760.176(F)(2). CI cables shall only
be permitted to be installed in a raceway where specifically listed and marked as part of an electrical circuit protective system as
covered in 760.176(F)(2).

Informational Note: One method of defining CI cable is by establishing a rating when tested in accordance with UL 2196,
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables, as specified in UL 1425,
Cables for Non-Power-Limited Fire-Alarm Circuits. UL guide information for non-power-limited fire alarm circuits (HNHT)
contains information for identifying the cable and its installation limitations to maintain the fire-resistive rating.
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(2)  Fire-Resistive Cable Systems.

Cables specified in 760.176(C), (D), (E), and (F)(1) that are part of a fire-resistive cable system shall be identified with the system
identifier and hourly rating marked on the protectant or the smallest unit container and installed in accordance with the listing of
the system.

Informational Note: One method of defining a fire-resistive cable system is by establishing a rating when tested in
accordance with UL 2196, Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables.
UL guide information for electrical circuit integrity systems (FHIT) contains information for identifying the system and its
installation limitations to maintain a minimum fire-resistive rating.

(3)  Electrical Circuit Protective System.

Protectants for cables specified in 760.176(C), (D), and (E) that are part of an electrical circuit protective system shall be
identified with the protective system identifier and hourly rating marked on the protectant or the smallest unit container and
installed in accordance with the listing of the protective system.

Informational Note: One method of defining an electrical circuit protective system is by establishing a rating when tested in
accordance with UL 1724, Fire Tests for Electrical Circuit Protective Systems. UL guide information for electrical circuit
integrity systems (FHIT) contains information for identifying the system and its installation limitations to maintain the fire-
resistive rating.

(G)  NPLFA Cable Markings.

Multiconductor non–power-limited fire alarm cables shall be marked in accordance with Table 760.176(G). Non–power-limited fire
alarm circuit cables shall be permitted to be marked with a maximum usage voltage rating of 150 volts. Cables that are listed for
circuit integrity shall be identified with the suffix “-CI” as defined in 760.176(F). The temperature rating shall be marked on the
jacket of NPLFA cables that have a temperature rating exceeding 60°C (140°F). The jacket of NPLFA cables shall be marked
with the conductor size.

Informational Note: Cable types are listed in descending order of fire performance.

Table 760.176(G) NPLFA Cable Markings

Cable
Marking

Type Reference

NPLFP
Non–power-limited fire alarm circuit cable for use in “other space used for environmental
air”

760.176(C) and
(G)

NPLFR Non–power-limited fire alarm circuit riser cable
760.176(D) and
(G)

NPLF Non–power-limited fire alarm circuit cable 760.176(E) and (G)

Note: Cables identified in 760.176(C), (D), and (E) and meeting the requirements for circuit integrity shall have the additional
classification using the suffix “-CI” (for example, NPLFP-CI, NPLFR-CI, and NPLF-CI).

Additional Proposed Changes

File Name DescriptionApproved

3_CN_377_Detail.pdf 3 CN377 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 377 appeared in the First Draft Report on First Revision No. 9538.

The Correlating Committee directs the panel to review the need for the informational notes in 760.176 based on 90.7 and the reference to 
Informative Annex A. 

Related Item

• First Revision No. 9538
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Public Comment No. 730-NFPA 70-2021 [ Section No. 760.176 ]

760.176  Listing and Marking of NPLFA Cables.

Non-power-limited fire alarm cables installed as wiring within buildings shall be listed in accordance with 760.176(A) and (B) and
as being resistant to the spread of fire in accordance with 760.176(C) through (F), and shall be marked in accordance with
760.176(G). Cable used in a wet location shall be listed for use in wet locations or have a moisture-impervious metal sheath.
Non-power-limited fire alarm cables shall have a temperature rating of not less than 60°C (140°F). Non-power-limited fire alarm
cables shall be permitted to contain optical fibers.

Informational Note: See UL 1425, Standard for Cables for Non-Power-Limited Fire-Alarm Circuits, for information on non-
power-limited fire alarm cables.

(A)  NPLFA Conductor Materials.

Conductors shall be 18 AWG or larger solid or stranded copper.

(B)  Insulated Conductors.

Insulation on conductors shall be rated for the system voltage and not less than 600 V. Insulated conductors 14 AWG and larger
shall be one of the types listed in Table 310.4(1) or one that is identified for this use. Insulated conductors 18 AWG and 16 AWG
shall be in accordance with 760.49.

(C)  Type NPLFP.

Type NPLFP non-power-limited fire alarm cable for use in other space used for environmental air shall be listed as being suitable
for use in other space used for environmental air as described in 300.22(C) and shall also be listed as having adequate fire-
resistant and low smoke–producing characteristics.

Informational Note: One method of defining a cable that is low-smoke producing cable and fire-resistant cable is that the
cable exhibits a maximum peak optical density of 0.50 or less, an average optical density of 0.15 or less, and a maximum
flame spread distance of 1.52 m (5 ft) or less when tested in accordance with NFPA 262-2019, Standard Method of Test
for Flame Travel and Smoke of Wires and Cables for Use in Air-Handling Spaces.

(D)  Type NPLFR.

Type NPLFR non–power-limited fire alarm riser cable shall be listed as being suitable for use in a vertical run in a shaft or from
floor to floor and shall also be listed as having fire-resistant characteristics capable of preventing the carrying of fire from floor to
floor.

Informational Note: One method of defining fire-resistant characteristics capable of preventing the carrying of fire from
floor to floor is that the cables pass ANSI/UL 1666-2012, Test for Flame Propagation Height of Electrical and Optical-Fiber
Cables Installed Vertically in Shafts.

(E)  Type NPLF.

Type NPLF non–power-limited fire alarm cable shall be listed as being suitable for general-purpose fire alarm use, with the
exception of risers, ducts, plenums, and other space used for environmental air, and shall also be listed as being resistant to the
spread of fire.

Informational Note: One method of defining resistant to the spread of fire is that the cables do not spread fire to the top of
the tray in the “UL Flame Exposure, Vertical Tray Flame Test” in ANSI/UL 1685-2010, Standard for Safety for Vertical-Tray
Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables. The smoke measurements in the test
method are not applicable.

Another method of defining resistant to the spread of fire is for the damage (char length) not to exceed 1.5 m (4 ft 11 in.)
when performing the CSA “Vertical Flame Test — Cables in Cable Trays,” as described in CSA C22.2 No. 0.3-M-2001,
Test Methods for Electrical Wires and Cables.

(F)  Fire Alarm Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or Electrical Circuit Protective System.

Cables that are used for survivability of critical circuits under fire conditions shall be listed and meet the requirements of
760.176(F)(1), (F)(2), or (F)(3).

Informational Note: See 12.4.3 and 12.4.4 of NFPA 72-2019, National Fire Alarm and Signaling Code, for fire alarm circuit
integrity (CI) cable, fire-resistive cable systems, or electrical circuit protective systems that might be used for fire alarm
circuits to comply with the survivability requirements to maintain the circuit’s electrical function during fire conditions for a
defined period of time.

(1)  Circuit Integrity (CI) Cables.

Circuit integrity (CI) cables specified in 760.176(C), (D), and (E) and used for survivability of critical circuits shall be marked for
an additional classification using the suffix “-CI.” In order to maintain its listed fire-resistive rating, CI cables shall only be installed
in free air in accordance with 760.24(B). CI cables shall only be permitted to be installed in a raceway where specifically listed
and marked as part of an electrical circuit protective fire-resistive cable system as covered in 760.176(F)(2). CI cables shall only
be permitted to be installed in a raceway where specifically listed and marked as part of an electrical circuit protective system as
covered in 760.176(F)(2).

Informational Note: One method of defining CI cable is by establishing a rating when tested in accordance with UL 2196,
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables, as specified in UL 1425,
Cables for Non-Power-Limited Fire-Alarm Circuits. UL guide information for non-power-limited fire alarm circuits (HNHT)
contains information for identifying the cable and its installation limitations to maintain the fire-resistive rating.
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(2)  Fire-Resistive Cable Systems.

Cables specified in 760.176(C), (D), (E), and (F)(1) that are part of a fire-resistive cable system shall be identified with the system
identifier and hourly rating marked on the protectant or the smallest unit container and installed in accordance with the listing of
the system.

Informational Note: One method of defining a fire-resistive cable system is by establishing a rating when tested in
accordance with UL 2196, Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables.
UL guide information for electrical circuit integrity systems (FHIT) contains information for identifying the system and its
installation limitations to maintain a minimum fire-resistive rating.

(3)  Electrical Circuit Protective System.

Protectants for cables specified in 760.176(C), (D), and (E) that are part of an electrical circuit protective system shall be
identified with the protective system identifier and hourly rating marked on the protectant or the smallest unit container and
installed in accordance with the listing of the protective system.

Informational Note: One method of defining an electrical circuit protective system is by establishing a rating when tested in
accordance with UL 1724, Fire Tests for Electrical Circuit Protective Systems. UL guide information for electrical circuit
integrity systems (FHIT) contains information for identifying the system and its installation limitations to maintain the fire-
resistive rating.

(G)  NPLFA Cable Markings.

Multiconductor non–power-limited fire alarm cables shall be marked in accordance with Table 760.176(G). Non–power-limited fire
alarm circuit cables shall be permitted to be marked with a maximum usage voltage rating of 150 volts. Cables that are listed for
circuit integrity shall be identified with the suffix “-CI” as defined in 760.176(F). The temperature rating shall be marked on the
jacket of NPLFA cables that have a temperature rating exceeding 60°C (140°F). The jacket of NPLFA cables shall be marked
with the conductor size.

Informational Note: Cable types are listed in descending order of fire performance.

Table 760.176(G) NPLFA Cable Markings

Cable
Marking

Type Reference

NPLFP
Non–power-limited fire alarm circuit cable for use in “other space used for environmental
air”

760.176(C) and
(G)

NPLFR Non–power-limited fire alarm circuit riser cable
760.176(D) and
(G)

NPLF Non–power-limited fire alarm circuit cable 760.176(E) and (G)

Note: Cables identified in 760.176(C), (D), and (E) and meeting the requirements for circuit integrity shall have the additional
classification using the suffix “-CI” (for example, NPLFP-CI, NPLFR-CI, and NPLF-CI).

Additional Proposed Changes

File Name Description Approved

3_CN_380.pdf 3 CN380 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 370 appeared in the First Draft Report on First Revision No. 9536.

The Correlating Committee directs the panel to review the need for the informational note in 760.176 based on 90. 7 and the reference to 
Informative Annex A. 

Related Item

• First Revision No. 9536
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Public Comment No. 703-NFPA 70-2021 [ Section No. 760.176(F) ]

(F)  Fire Alarm Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or Electrical Circuit Protective System.

Cables that are used for survivability of critical circuits under fire conditions shall be listed and meet the requirements of
760.176(F)(1), (F)(2), or (F)(3).

Informational Note: See 12.4.3 and 12.4.4 of NFPA 72-2019, National Fire Alarm and Signaling Code, for fire alarm circuit
integrity (CI) cable, fire-resistive cable systems, or electrical circuit protective systems that might be used for fire alarm
circuits to comply with the survivability requirements to maintain the circuit’s electrical function during fire conditions for a
defined period of time.

(1)  Circuit Integrity (CI) Cables.

Circuit integrity (CI) cables specified in 760.176(C), (D), and (E) and used for survivability of critical circuits shall be marked for
an additional classification using the suffix “-CI.” In order to maintain its listed fire-resistive rating, CI cables shall only be installed
in free air in accordance with 760.24(B). CI cables shall only be permitted to be installed in a raceway where specifically listed
and marked as part of an electrical circuit protective fire-resistive cable system as covered in 760.176(F)(2). CI cables shall only
be permitted to be installed in a raceway where specifically listed and marked as part of an electrical circuit protective system as
covered in 760.176(F)(2).

Informational Note: One method of defining CI cable is by establishing a rating when tested in accordance with UL 2196,
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables, as specified in UL 1425,
Cables for Non-Power-Limited Fire-Alarm Circuits. UL guide information for non-power-limited fire alarm circuits (HNHT)
contains information for identifying the cable and its installation limitations to maintain the fire-resistive rating.

(2)  Fire-Resistive Cable Systems.

Cables specified in 760.176(C), (D), (E), and (F)(1) that are part of a fire-resistive cable system shall be identified with the system
identifier and hourly rating marked on the protectant or the smallest unit container and installed in accordance with the listing of
the system.

Informational Note: One method of defining a fire-resistive cable system is by establishing a rating when tested in
accordance with UL 2196, Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data Cables.
UL guide information for electrical circuit integrity systems (FHIT) contains information for identifying the system and its
installation limitations to maintain a minimum fire-resistive rating.

(3)  Electrical Circuit Protective System.

Protectants for cables specified in 760.176(C), (D), and (E) that are part of an electrical circuit protective system shall be
identified with the protective system identifier and hourly rating marked on the protectant or the smallest unit container and
installed in accordance with the listing of the protective system.

Informational Note: One method of defining an electrical circuit protective system is by establishing a rating when tested in
accordance with UL 1724, Fire Tests for Electrical Circuit Protective Systems. UL guide information for electrical circuit
integrity systems (FHIT) contains information for identifying the system and its installation limitations to maintain the fire-
resistive rating.

Additional Proposed Changes

File Name Description Approved

3_CN_371.pdf 3 CN371 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 371 appeared in the First Draft Report on First Revision No. 9553.

The Correlating Committee requests the panel to review the informational note for appropriate guidance to the user in accordance with 
section 3.1.3 of the NEC Style Manual. The panel may consider revising with the following revised language to " ... electrical circuit 
protective systems for additional information on fire alarm circuits to comply with ... " 

Related Item

• First Revision No. 9553

Submitter Information Verification

Submitter Full Name: CC on NEC-AAC

Organization: NEC Correlating Committee

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 03 12:51:16 EDT 2021

Committee: NEC-P03
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Public Comment No. 731-NFPA 70-2021 [ Section No. 760.179 ]

760.179  Listing and Marking of PLFA Cables and Insulated Continuous Line-Type Fire Detectors.

PLFA cables installed as wiring within buildings shall be listed as being resistant to the spread of fire and other criteria in
accordance with 760.179(A) through (I) and shall be marked in accordance with 760.179(J). Insulated continuous line-type fire
detectors shall be listed in accordance with 760.179(K). Cable used in a wet location shall be listed for use in wet locations or
have a moisture-impervious metal sheath.

Informational Note: See UL 1424, Cables for Power-Limited Fire-Alarm Circuits, for applicable requirements for listing of
power-limited fire alarm cable.

(A)  Conductor Materials.

Conductors shall be solid or stranded copper.

(B)  Conductor Size.

The size of conductors in a multiconductor cable shall not be smaller than 26 AWG. Single conductors shall not be smaller than
18 AWG.

(C)  Voltage and Temperature Ratings.

The cable shall have a voltage rating of not less than 300 volts. The cable shall have a temperature rating of not less than 60°C
(140°F).

(D)  Type FPLP.

Type FPLP power-limited fire alarm plenum cable shall be listed as being suitable for use in ducts, plenums, and other space
used for environmental air and shall also be listed as having adequate fire-resistant and low smoke-producing characteristics.

Informational Note: One method of defining a cable that is low-smoke producing cable and fire-resistant cable is that the
cable exhibits a maximum peak optical density of 0.50 or less, an average optical density of 0.15 or less, and a maximum
flame spread distance of 1.52 m (5 ft) or less when tested in accordance with NFPA 262-2019, Standard Method of Test
for Flame Travel and Smoke of Wires and Cables for Use in Air-Handling Spaces.

(E)  Type FPLR.

Type FPLR power-limited fire alarm riser cable shall be listed as being suitable for use in a vertical run in a shaft or from floor to
floor and shall also be listed as having fire-resistant characteristics capable of preventing the carrying of fire from floor to floor.

Informational Note: One method of defining fire-resistant characteristics capable of preventing the carrying of fire from
floor to floor is that the cables pass the requirements of ANSI/UL 1666-2012, Standard Test for Flame Propagation Height
of Electrical and Optical-Fiber Cable Installed Vertically in Shafts.

(F)  Type FPL.

Type FPL power-limited fire alarm cable shall be listed as being suitable for general-purpose fire alarm use, with the exception of
risers, ducts, plenums, and other spaces used for environmental air, and shall also be listed as being resistant to the spread of
fire.

Informational Note: One method of defining resistant to the spread of fire is that the cables do not spread fire to the top of
the tray in the “UL Flame Exposure, Vertical Tray Flame Test” in ANSI/UL 1685-2012, Standard for Safety for Vertical-Tray
Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables. The smoke measurements in the test
method are not applicable.

Another method of defining resistant to the spread of fire is for the damage (char length) not to exceed 1.5 m (4 ft 11 in.)
when performing the CSA “Vertical Flame Test — Cables in Cable Trays,” as described in CSA C22.2 No. 0.3-M-2001,
Test Methods for Electrical Wires and Cables.

(G)  Fire Alarm Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or Electrical Circuit Protective System.

Cables that are used for survivability of critical circuits under fire conditions shall be listed and meet the requirements of
760.179(G)(1), (G)(2), or (G)(3).

Informational Note: See 12.4.3 and 12.4.4 of NFPA 72-2019, National Fire Alarm and Signaling Code, for fire alarm circuit
integrity (CI) cable, fire-resistive cable systems, or electrical circuit protective systems that might be used for fire alarm
circuits to comply with the survivability requirements to maintain the circuit’s electrical function during fire conditions for a
defined period of time.

(1)  Circuit Integrity (CI) Cables.

Circuit integrity (CI) cables specified in 760.179(D), (E), (F), and (H) and used for survivability of critical circuits shall have an
additional classification using the suffix “-CI.” CI cables shall only be permitted to be installed in a raceway where specifically
listed and marked as part of a fire-resistive system as covered in 760.179(G)(2).

(2)  Electrical Circuit Protective System.

Cables specified in 760.179(D), (E), (F), (H), and (G)(1) that are part of an electrical circuit protective system shall be identified
with the protective system number and hourly rating printed on the outer jacket of the cable and installed in accordance with the
listing of the protective system.

(H)  Coaxial Cables.

Coaxial cables shall be permitted to use 30 percent conductivity copper-covered steel center conductor wire and shall be listed
as Type FPLP, FPLR, or FPL cable.
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(I)  Cables Containing Optical Fibers.

Composite optical fiber cables shall be listed as electrical cables based on the type of electrical conductors.  

(J)  Cable Marking.

The cable shall be marked in accordance with Table 760.179(J). The voltage rating shall not be marked on the cable. Cables that
are listed for circuit integrity shall be identified with the suffix “-CI” as defined in 760.179(G). The temperature rating shall be
marked on the jacket of PLFA cables that have a temperature rating exceeding 60°C (140°F). The jacket of PLFA cables shall be
marked with the conductor size.

Informational Note No. 1: Voltage ratings on cables might be misinterpreted to suggest that the cables might be suitable
for Class 1, electric light, and power applications.

Exception: Voltage markings shall be permitted where the cable has multiple listings and voltage marking is required for one or
more of the listings.

Table 760.179(J) Cable Markings

Cable Marking Type

FPLP Power-limited fire alarm plenum cable

FPLR Power-limited fire alarm riser cable

FPL Power-limited fire alarm cable

Notes:

1. Cables identified in 760.179(D), (E), and (F) as meeting the requirements for circuit integrity shall have the additional
classification using the suffix “-CI” (for example, FPLP-CI, FPLR-CI, and FPL-CI).

2. Cables containing optical fibers shall be provided with the suffix “-OF”.

Informational Note No. 2: Cable types are listed in descending order of fire performance.

(K)  Insulated Continuous Line-Type Fire Detectors.

Insulated continuous line-type fire detectors shall be rated in accordance with 760.179(C), listed as being resistant to the spread
of fire in accordance with 760.179(D) through (F), and marked in accordance with 760.179(J), and the jacket compound shall
have a high degree of abrasion resistance.

Additional Proposed Changes

File Name Description Approved

3_CN_381.pdf 3 CN381 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 381 appeared in the First Draft Report on First Revision No. 9541.

The Correlating Committee directs the panel to review the need for the informational note in 760.179 based on 90. 7 and the reference to 
Informative Annex A. 

Related Item

• First Revision No. 9541

Submitter Information Verification

Submitter Full Name: CC on NEC-AAC

Organization: NEC Correlating Committee

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 03 14:20:35 EDT 2021

Committee: NEC-P03
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Public Comment No. 704-NFPA 70-2021 [ Section No. 760.179(G) ]

(G)  Fire Alarm Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or Electrical Circuit Protective System.

Cables that are used for survivability of critical circuits under fire conditions shall be listed and meet the requirements of
760.179(G)(1), (G)(2), or (G)(3).

Informational Note: See 12.4.3 and 12.4.4 of NFPA 72-2019, National Fire Alarm and Signaling Code, for fire alarm circuit
integrity (CI) cable, fire-resistive cable systems, or electrical circuit protective systems that might be used for fire alarm
circuits to comply with the survivability requirements to maintain the circuit’s electrical function during fire conditions for a
defined period of time.

(1)  Circuit Integrity (CI) Cables.

Circuit integrity (CI) cables specified in 760.179(D), (E), (F), and (H) and used for survivability of critical circuits shall have an
additional classification using the suffix “-CI.” CI cables shall only be permitted to be installed in a raceway where specifically
listed and marked as part of a fire-resistive system as covered in 760.179(G)(2).

(2)  Electrical Circuit Protective System.

Cables specified in 760.179(D), (E), (F), (H), and (G)(1) that are part of an electrical circuit protective system shall be identified
with the protective system number and hourly rating printed on the outer jacket of the cable and installed in accordance with the
listing of the protective system.

Additional Proposed Changes

File Name Description Approved

3_CN_372.pdf 3 CN372 

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 372 appeared in the First Draft Report on First Revision No. 9585.

The Correlating Committee requests the panel to review the informational note for appropriate guidance to the user in accordance with 
section 3.1.3 of the NEC Style Manual. The panel may consider revising with the following language to " ... electrical circuit protective 
systems for additional information on fire alarm circuits to comply with ... " 

Related Item

• First Revision No. 9585

Submitter Information Verification

Submitter Full Name: CC on NEC-AAC

Organization: NEC Correlating Committee

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 03 12:55:07 EDT 2021

Committee: NEC-P03
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Public Comment No. 1610-NFPA 70-2021 [ Part IV. ]

Part IV.  Installation

Statement of Problem and Substantiation for Public Comment

Please consider renumbering sections 335 through 379 as 235 through 279. I wasn't sure how to do this in Terra without adding a lot of 
extra work to everybody's already busy schedule, so I hope this works. The substantiation is consistency with other Code articles.

Related Item

• FR 9606

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Ryan Jackson

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 16 16:35:13 EDT 2021

Committee: NEC-P03
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